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BBepeHue

B HayanpHBIX Kypcax 3KOHOMETPUKH, B TOM YHCJIE€ M B paHee M3JaHHOM aBTOPOM y4eOHOM
nocobun “OxoHomerpuka s HaumHarommx’® [Hocko (2000)], mepBoodepenHoe BHHUMaHUE
YAENSETCS] CTATUCTUYECKUM BBIBOJIAM B PAMKAX KJIACCUYECKOU HOPMANbHOU JUHEHHOU MOodeau
Haonoenuil

Vi=O01xnt+O0oxpt . AOpxp+ e, t=1,2,..,n,

B KOTOPOH MPEANONaraeTcs, YTo 3HaUCHNUs1 OOBSACHAIOMIUX NEPEMEHHBIX X1, X2, .., Xip, £ = 1, 2,
..., n , QUKCHPOBAHBI, a CIIy4allHbIC COCTABISIIOIINE & |, &€ 2, ..., € n (“OMMOKK") SBISIOTCS
HE3aBUCUMBIMU CIy4YalHBIMU BEJIMYMHAMU, UMEIOIIMMH OJIMHAKOBOE HOPMAJIbHOE PACIIPEICICHHE
C HYJICBBIM MaTeMaTHYECKUM OXXUIAHMEM M KOHEUHOU AWcriepcueil (Takue MPeAroyioKeHHs o0
ommOKax Mbl Ha3bBaeM ‘‘cmandapmuvimu’). Jlajee OOBIYHO aHATU3ZHPYIOTCS TOCIEICTBUS
Pa3IUYHOTO THUIIA HAPYIIEHUH TaKUX MPEANOJIOKEHUNH 00 OMMOKaX W pacCMaTPUBAIOTCS METOIBI
KOPPEKILIUH CTaTUCTUYECKHUX BBIBOJIOB O KOA(h(ULIMEHTaX MOJENU MPU HAJTUUYHUU COOTBETCTBYIOIINX
HapYLIECHUN CTaHJAPTHBIX IIPEIIIOIOKEHUN.

B ynoMmsHyTOM OCOOMH 00CY X AaTUCh METObI KOPPEKLIUN CTATUCTUYECKUX BHIBOJIOB

¢ [pU HAIMYUH FETEPOCKEAACTUYHOCTH (HEOAHOPOJHOCTH AUCTIEPCHI OMIMOOK);
® [pU HAJIMYUH aBTOKOPPEITUPOBAHHOCTH OLITNOOK;
® [IpU HAJIMYUU CE30HHOCTH.

[Ipu 3TOM COXpPAHSIIOCH MPEANOIOKEHHE O (HUKCHPOBAHHOCTH 3HAYCHHUH OOBSICHSIOIINX
MEPEMEHHBIX.

[TociieqHee TpPEANONOKEHUE B COBOKYITHOCTH CO CTAHIAPTHBIMHU IPEAIMOJIOKCHUSIMH 00
ommnoOKax yaoOHO C YHCTO MAaTEMAaTHUECKON TOUKH 3PEHMS: MPU TAKUX MPEATONOKCHHUIX OLEHKU
napameTpoB, MOJyYaeMble METOJOM HAaMMEHBIITUX KBaIPaTOB, UMEIOT HOPMAJIbHOE paclpe/ieicHHE,
YTO, B CBOIO OUYEPE/b, 1AE€T BOZMOXKHOCTh

® CTPOUTH JOBEPUTEIbHBIE HMHTEPBAIBI s KOI(PQPUIMCHTOB JIHHEWHON MOJENH,
WCIIONB3YS KBAaHTWIH ¢ -pacnpenencHusi CTbIOJCHTA;

® TMpOBEPATH THUMOTE3bl O 3HAYCHUAX OTICNIbHBIX KOA(P(UIUEHTOB, HCHOIB3YS
KBaHTWIM ¢ -pacnpeneneHuss CTbIOJEHTA;

® TIPOBEPATH THIOTE3bl O BBHIMOJHEHWU T€X WJIM WHBIX JIMHEWHBIX OTPAHUYCHUN Ha
K03 GUILIMEHTHI MOJIEH, UCTIONb3YS KBaHTUIU F-pacnpenenenus Ouiiepa;

® CTPOUTHh UHTEpPBaJIbHBIE MPOTHO3BI M “OyAymmx”’ 3HA4YeHUH OOBICHIEMOU
MEPEeMEHHON, COOTBETCTBYIONIUX 3aJlaHHBIM OyIyIIUM 3HAYEHUSM  OOBICHSIOMINX
MIEPEMEHHBIX.

Bwmecte ¢ Tem, Hcronb3yeMoe B KIACCHUECKON MOJIENH MPEANOIOKEHHE O (PUKCUPOBAHHOCTH
3HaYeHUI OOBSICHSIOMMX MEPEMEHHBIX B 7 HAOJIIOAEHUSIX 03HAYAET, YTO MBI MOYKEM IMOBTOPUTH




HAOJIOICHUS 3HAUCHUI OOBSICHIEMON MEpeMEHHON MPHU TOM ke Habope 3HAUYEeHUI OOBSICHSIIOINX
HEPEMEHHBIX X1, X2, ..., Xip, ¢ = 1,2, ..., n ; IPU 3TOM MBI IOJIY4YUM APYTYIO pPealn3aluio (Apyroi
HAOOp 3HAYCHUI) CITyYalHBIX COCTaBISAOMMX &,, ¢t= 1,2, ..., n, 9TO NpUBEIET K 3HAUCHUSIM
OOBSCHSIONICH IEPEeMEHHOM, OTIIMYHBIM OT 3HAYCHHUH Vi, V2, ..., Vy , HAOTIOIABIIUXCS paHEe.

C ToukM 3peHUsi MOJCIMPOBAHUS PEATBbHBIX HKOHOMHUYECKUX SIBIICHUM, MPEANOJIOKEHUE O
(UKCUPOBAHHOCTH 3HAUYECHUN OOBSCHSIIOUIMX MPEMEHHBIX MOKHO CUUTATh PEaTUCTHYECKUM JIHIIb
B OTHCNbHBIX CHUTYyalUsiX, CBSI3aHHBIX C MPOBEJACHHUEM KOHTPOJIUPYEMOrO 3KCIEPUMEHTA.
Hanpumep, MOXXHO mpencTaBuTh ce0e TUINOTETUYECKHI SKCIEPUMEHT, B KOTOPOM B TEUYCHHE
OMPENICJICHHOTO TIEpUoJa BPEMEHM 3HAYEHHUS PACIOIAraeMoro MECSYHOIro J10X0j1a n
JIOMOXO3SIICTB  OCTAIOTCSI HEHW3MEHHBIMH M HAOJIOJAIOTCA €XKEMECAYHBIE PAacXolbl 3TUX
JIOMOXO3SIICTB Ha JIMYHOE MOTpebsieHne. BenmnumHa 3TUX pacxoJoB i KaKIOTO OTAEIHHOTO
JIOMOXO03siicTBa OyJIeT HM3MEHSAThCS OT Mecsla K Mecsiy 3a cueT (haKTOpOB, HE H3BECTHBIX
HCCIEA0BATENI0 B paMKax MPOBOJMMOIO 3KCIEPUMEHTa, a MOTOMY 3Ta U3MEHYUBOCTH, C TOUKH
3peHHsI HWCCIEAOBATeNisd, HOCHT ‘‘CIydallHbBIN~ Xapakrep, 4TO (OPMAIBHO OMHMCHIBACTCS
BKJIIOYCHHEM B MOJIEIIb HAOIOJCHUI CITydyaitHON COCTaBISIONICH — “OmMOKH”.

Mexy TeM B pealbHbIX CHTyalUsX MO OOJbIIEH YacTH HET BO3MOXHOCTU COXPaHSTh
HEU3MCHHBIMH 3HAYCHHUs OOBSACHSIONUX TIEepeMEeHHBIX. boiee Toro, m camu HaOIIOIaeMbIe
3HAYCHHUSI OOBSACHAIOMIMX TMEepeMEHHbIX ( Kak W “OmuOKM’) YacTO HMHTEPIPETHUPYIOTCS Kak
peaM3anuu HEKOTOPBIX CIy4YailHBIX BEMTUYHMH. B TaKuX CHUTyalusXx CTAaHOBHUTCS MPOOIEMAaTUIHBIM
UCIIOJIb30BAaHNE TEXHUKM CTATUCTHUUECKUX BBIBOJOB, pa3paOOTaHHOW MJisi  KJIAaCCHYECKOM
HOPMAJIbHOU JIMHEHHOU MOJEIH.

B nanbosiee BbIpa)k€HHOM CTENEHU CKa3aHHOE OTHOCHUTCS K MOJEISM, B KOTOPBIX HAOIIOCHUS
pPa3BEpHYTbI BO BPEMEHH, T.€. MPOU3BOJATCSA B IOCJIEAOBATEIIbLHBIE MOMEHTHI BpPEeMEHHU (TOMbI,
KBapTaJlbl, MECSIIbI, THU | T.I.). [Ipn 3TOM 3HAYECHHS OTIACIHHOU OOBSICHSIONIEH NEPEMEHHOW B
MOCIIeI0BaTeIbHBIE MOMEHTHI BPEMEHH OOpa3yIOT 8pPeMeHHOU psAd, U €CIId TOBOPUTH OIATH O
JTUHEHON Mosienn HaOII0ICHH, TO TeTeph yKe Takas MOJEIb CBA3BIBAET BpEMEHHbBIE PSbI, U 3TO
CaMbIM CYIIECTBEHHBIM 00pa30M CKa3bIBAaeTCS Ha CBOMCTBAaX OLIEHOK K03(PUIMEHTOB TMHEHHOU
MoOJIeTTH. YTIOMSHEM B CBSI3U C 3TUM MIPOCTYIO 1O (hopMe MOJIETb

w=pPyi-1te, t=1,2,...,n, yo=0,
B KOTOpOH & 1, € 2, ..., & » — HE3ABUCHUMBIC CIly4ailHble BEIMYMHBI, HUMEIOIINE OJMHAKOBOE
HOPMAJIbHOE PACIIPEICICHHE C HyJICBBIM MATEMATHYECKHM OKUIAHUEM H THCIEPCHEH 0.

OTO0 nuWHEHHas MoJenb HAOMIOJCHHW, B KOTOpPOHW B Ka4yeCTBE 3HAYCHHsI OOBSCHSIOMICH
MEPEMEHHON X; B MOMEHT BPEMEHHU ¢ BBICTYIAET 3ala3/bIBaIOIlee HA OJHY CAUHUILY BPEMEHHU
3HAYCHHE OOBICHAEMON IEPEMEHHOM, T.€. X; = ;1.

[Ipeanonarasi, 4TO MNPOLECC MOPOXKICHUS JAHHBIX OMUCHIBAETCS TaKOM MoJenbio (C He
W3BCCTHBIMU HaM 3HAYCHHSIMHM TIApaMETpoB [ M O ), MBI MOXEM IONyYHTh JUIsi [ OIICHKY
HAUMEHBIINUX KBAaIPAaTOB, KOTOPAs BBIYUCIAETCS MO (hopmyIie




A Zytyt—l
_ =

B= = :
2
Yia
t=2
B oTiiuMe OT CHTyalluH, KOT/Ia 3HAYEHUs OOBACHSIONIEH TIepeMeHHOH (GHKCHPOBAHEI, TETePh
HabI01aeMble 3HAUEHUs OOBACHSIONIEH MepeMeHHON CaMu ABJIAIOTCS pealn3aliaMy CTydaiHbIX
BEJIMYHMH U BBIPAXKAIOTCS Yepe3 3HAUCHHUS CITyYailHbIX BEIUUHH &£,
X1= 0 ,
X2=V1= €1,
x3=ym=pyte=pertea,
T _ a2
Xs=y3= P tes=p(Be1ter)tes=pe 1t Pertes

xn:ynflzﬂn_281+ﬂn_382 + ... +8n,1.

OTO MPUBOAMUT K TOMY, YTO Ha CEH pa3 paclpelesieHue OLEHKH HaUMEHBIINX KBaJpaToB IS
napameTpa [ He SBISETCS HOPMAIbHBIM, TaK YTO #- M [- CTaTUCTUKHU, MCIIOJb3yEeMbIE IS
CTaTUCTUYECKUX BBIBOJIOB B KJIACCHUYECKOM HOPMAJbHOW JIMHEWUHOW MOJEIIH, YKE HE UMEIOT f- H
F-pacnpenenenuii, COOTBETCTBEHHO.

Bonee Toro, eciin B IE€HCTBUTENBHOCTH B MPOLIECCE MOPOXKACHUS NAaHHBIX L = 1, TaK 4TO MbI
HMEEM JIEJI0 € TOMYJIIPHON MOJIENIBIO CAYUAH020 Oyscoanus (BBIXOIALIETO U3 HYJIS),

v=yvi1te, t=1,2,..,n, yo=0,

TO TOT/A pacrpeseneHue (HEHTPUPOBAHHON U HOPMHUPOBAHHOW) OIEHKH HaWMEHBIIUX KBaJpPaTOB
s [ He cOnMKaercs ¢ HOPMaJbHBIM JaXe IPU HEOTPAHWYEHHOM BO3PACTAaHMM KOJIMYECTBA
HaOmroneHuil. MlHaye roBopsi, B TaKOW MOJENM OLEHKa HAUMEHBIINX KBAApaToOB Uil [ Haxe He
SIBJIICTCS AaCUMITOTUYCCKH HOPMaJIbHON. BriepBhie Ha 3TOT ¢akT ObUTO yka3zaHo B padore [White
(1958)], u 2TO OTKpHITHE MPHUBEJIO BIOCIEJICTBUU K IIOJHOMY HIEPEeCMOTPY METO0JIOTUH
HKOHOMETPHUYECKOTO aHaji3a CTAaTUCTHYECKUX JaHHBIX, TPEACTABISIEMbIX B BUAEC BPEMEHHBIX
PsI0B.

Ha nepBsiii mian BeIIIIO (yHIAMEHTANbHOE pasnnuue mexnay TS (trend stationary) psmamu
(cTaliMOHapHBIMU MJIM CTAllMOHAPHBIMM OTHOCUTENIBHO JI€TepMUHMPOBAHHOrO TpeHna) u DS
(difference stationary) psigamu, TPHUBOMSIIUMUCS K CTAllMOHAPHBIM TOJIBKO B pe3yJbTare
OJTHOKPATHOTO MJIM MHOTOKPaTHOIO Au(depeHrpoBanHus. DTO pa3anyue onpeaenseTcs HaInaueM
y DS psnoB Tak Ha3bIBaEMOTO CHMOXACMUYECKO20 MPEeHOd, COOCTBEHHO M MPHUBOMISIIETO K
HEMPUMEHUMOCTH CTaHJAPTHOW aCUMITOTHYECKOW TEOpUHM Npu paboTe ¢ TakuMH psgamu. B
CO3IaHMHM W Pa3BUTHH ACHMIITOTUYECKOH TEOpPHH, YYHUTHIBAIOIIEH BO3MOXKHOE HAJIMYHUE Y
paccMaTpUBaeMbIX IEPEMEHHBIX CTOXACTUYECKOTO TpeHJa, MPUHSIO YydacTue OoJbIloe
KOJIMYECTBO aBTOPOB, CPEH KOTOPHIX HEMpeMeHHO cienyeT ynomsayTh Dickey D.A., Fuller W.A,
Granger C.W.J., Hansen B.E., Johansen S., Juselius K., Perron P., Phillips P.S.B., Sims C.A., Stock




JH., Watson M.W.J. IlpekpacHbiii 0030p TMOJXY4YCHHBIX B 3TOM HAINPABICHUH pPE3YyJIhTaTOB
conepxkutcs B padore [Maddala G.S., Kim In-Moo (1998)]; cMm. Taxke [Hatanaka M. (1996)].

B npemmaraecmMoM yueOHOM MOCOOMU MBI JacM KpaTKOE BBEICHHE B COBPEMEHHBIE METOJIBI
HKOHOMETPHUYECKOrO aHallM3a CTAaTHUCTUYECKUX HaHHBIX, MPEJCTABICHHBIX B BHJE BPEMEHHBIX
PAIOB, KOTOpbIE YUYUTHIBAIOT BO3MOXKHOE HAJIMYUE Y paccMaTpUBAEMBIX MEPEMEHHBIX
cToxacTuueckoro TpeHga. OcHOBHBbIE aklleHTHl, kKak u B pabore [Hocko (2000)], cMemieHsl B
CTOPOHY pa3bsICHCHHS 0a30BBIX TOHATHH W OCHOBHBIX TIPOICAYP CTATUCTUYECKOTO aHau3a
JAHHBIX C MPUBJICUECHUEM CMOJICITUPOBAHHBIX U PEAIbHBIX SKOHOMHUYECKUX JaHHBIX. BMecTe ¢ Tem,
OT YHWTaTeNII TPeOYyeTCs HECKOJBKO OOJbINas OCBEIOMJICHHOCTh B OTHOIICHHUU BEPOSTHOCTHO-
CTaTHUCTUYECKUX METOAOB HccaenoBanus. [Ipennonaraercs, 4To ynTaTellb UMEET MPEICTABICHHUE O
COBMECTHON (YHKIMM pacmpeleieHnus, MHOTOMEPHOM HOPMAJIBHOM paclpeelieHuu, METOJIe
MaKCUMaJbHOTO TMPAaBIONOAOOMS, CBOMCTBE COCTOATEIBHOCTH OIICHOK, XapaKTePUCTHKAX
CTAaTHUCTUYCCKUX KPUTEpPHEB (OMMOKHA TEPBOTO U BTOPOrO POJA, MOIIHOCTH), a TaKXKE BIAACeT
METOJIaMU PErpecCHOHHOTO aHallu3a B paMKax HAYalIbHOTO Kypca 3KoHOMeTpuku. Kpome Toro on
JOJDKEH MMETh HEKOTOpOE TMPEJCTaBICHUE O KOMIUIEKCHBIX YHCIaX W KOMIUIEKCHBIX KOPHSX
MTOJINHOMOB.

[TocoOue HammcaHO HAa OCHOBAaHWW Kypca JICKIMH, MPOYUTAHHBIX aBTOpoM B MHCTHTYTE
HSKOHOMHUKH MEPEXOAHOTO MEPUOA.



maBa 1. Ocob6eHHOCTU perpecCUOHHOro aHanu3a anA
CTOXAaCTUYECKMNX OO BACHAIOLWMUX NEPEMEHHbIX

Kak yxe Obuto ykazaHo BO BBeneHuu, B HAYaJIBHBIX KypcaX 3KOHOMETPUKH IIEPBOOYCPEITHOE
BHUMAaHUE yAENSeTCs CTATUCTUYECKUM BBIBOJAM B PAMKAaX KAACCUUECKOU HOPMANbHOU TUHEUHOI
Mmooenu HaobaoeHuil

Vi= O0wxntOrxpt . +0,xp e, t=1,2,..,n,

B KOTOPOH MpEAIoaraeTcs, YTo 3HaUCHUsI OOBSICHAIOMIUX NEPEMEHHBIX X1, X12, ..., Xip, t = 1,2, ...,
n , (QUKCUPOBaHBI, a CIy4YailHBIC COCTAaBIISIONIUE E1, €2y oy € (“OmmMOKKN”) SBISAIOTCS
HE3aBUCHUMBIMH CITy4alHBIMH BEIMYMHAMH, UMEIOIIUMHU OJJUHAKOBOE HOPMAJLHOE paclpe/eeHre
C HyJIEBBIM MAaT€MAaTHUYECKUM OXHUIAaHUEM M KOHEYHOM AMcCHepcuer (Takue MPeArnoyoKeHHUs 00
OIIMOKaX MbI Ha3bIBaeM ‘‘cmanoapmuvimu’). Jlanee aHAIM3UPYIOTCS TMOCIEACTBUS PA3TUYHOTO
TUTIA HAPYIICHUH TaKUX MPEANOIOKCHHA 00 OIMMOKaX W PacCMAaTPUBAIOTCS METOJBI KOPPEKIIHH
CTaTHUCTUYECKUX BBIBOJOB O KO3(PPHUIIMEHTAX MOJEIHN MIPH HATMYUU COOTBETCTBYIOIINX HAPYIICHUN
CTaHJAPTHBIX MPEITOIOKEHUH.

[Tpenmnonoxxenrue o GUKCUPOBAHHOCTH 3HAUCHUHN OOBSCHSIOMIUX MEPEMEHHBIX B COBOKYITHOCTH
CO CTAHIAPTHBIMHU TMPEANONIOKCHUSIMI 00 OIMMOKax yJO0OHO C YHCTO MaTeMaTHYECKOW TOYKH
3peHus: TPU TaKUX MPEATNOJIOKEHUSIX OICHKH MapaMeTpoB, MOTydyaeMble METOJIOM HAMMEHBIIUX
KBapaToOB, UMEIOT HOPMaIbHOE PACIPEICIICHHUE, YTO, B CBOIO OUEPE/Ib, TAET BOZMOXKXHOCTh

® CTPOUTH JOBEPHUTCIIbBHBIC WHTEPBAIBI I KOA(D(PHUIIMEHTOB JIMHEWHOW MOJIEIH,
UCIIONB3YS KBAaHTUJIM ¢ -pactipeneneHusi CThIOJCHTA;

® TMPOBEPATH THUMOTE3bl O 3HAYCHHUSX OTICIBHBIX KOX(P(OUIIMEHTOB, HUCHOIB3YS
KBaHTWJIM ¢ -pacnpeneneHust CTbIOJEHTA;

® TIPOBEPATH THIOTE3bI O BBHIMOJHEHWU T€X WJIM WHBIX JIMHCWHBIX OTPAaHWYEHUN Ha
K02 UITMEHTHI MOJICTH UCTIONB3YsI KBAaHTHIN F-pacnipenenenus Ouiiepa;

® CTPOWTHh WHTEPBAIBHBIC MPOTHO3BI M “Oyaymmx”’ 3HA4YCHUH OOBICHICMOU
MEPEMEHHON, COOTBETCTBYIOIIMX 3aJaHHBIM OyAyIIAM 3HAYCHHUSIM  OOBSICHSIONINX
MEPEMEHHBIX.

Bwmecte ¢ Tem, ucnonb3dyemMoe B KJIACCHYECKON MOJEIN MPEATNON0KEHHE 0 (PUKCUPOBAHHOCTH
3HAYEHUH OOBSICHSIOMNX MEPEMEHHBIX B 7 HAOIIOJCHHSIX 03HAYAET, YTO MBI MOXKEM MOBTOPHTH
HaOIOZICHUST 3HAUYCHUN OOBSICHAEMOMN MEPEeMEHHON MPU TOM K€ HaOope 3HAUYCHUU OOBSICHSIONINX
HNEPEMEHHBIX X1, X2, ..., Xpp, t= 1,2, ..., n ; IpU 3TOM MBI IIOJIy4UM APYTYIO peAU3aLUIo (JpyTrou
HA0Op 3HAYCHUI) CITyY9alHBIX COCTaBIAONMX &,, t= 1,2, ..., n, 9T0 NPUBEICT K 3HAUCHUSIM
O0BSCHSAEMOI MTEPEeMEHHOM, OTIIMYAIOUIUMCS OT 3HAaYeHUH V1, V2, ..., Vn , HAOMIOIABIINXCA paHee.




C ToukM 3peHUs] MOJCIUPOBAHUS PEATbHBIX IKOHOMHUYECKUX SIBIICHUM, MPEINOJIOKEHUE O
(UKCUPOBAHHOCTH 3HAUYCHUN OOBSCHSIIOUINX MPEMEHHBIX MOKHO CUUTATh PEaTUCTHUYECKUM JIHIIb
B OTJICTIbHBIX CUTYAIUsX, CBSA3AHHBIX C MPOBEJCHUEM KOHTPOJIUPYEMOIO IKCIIEpUMEHTa. Mexy
TEM B peajJbHBIX CHUTYyalMsX MO OOJNbIIeH YacTH HET BO3MOXKHOCTHU COXPAHSTh HEU3MEHHBIMU
3HAUCHUS OOBSICHSIONIMX TIepEeMEHHBIX. bonee Toro, m camu HaOIIOJacMble 3HAYCHHS
OOBSCHSIIONINX TEepeMEHHBIX ( Kak M “OmMOKK’) 4YacTO HHTEPHPETUPYIOTCA KaK pealu3aluu
HEKOTOPBIX CIly4allHBIX BEIMYMH. B TaKUX CHUTyalUsX CTAHOBUTCS MPOOIeMAaTHYHBIM
UCIIONIb30BaHNE TEXHUKM CTATUCTHUUYECKUX BBIBOJOB, pa3paOOTaHHOW JJisi  KJIACCUYECKOM
HOPMAaJIbHOW JIMHEMHON MOJEIH.

[Tosicaum mocnennee, OOpaTHBIIMCH K MaTPHUYHO-BEKTOPHOW (opMe 3amucu KIacCUYeCcKOM
JTUHEWHON MOJIENH ¢ p OOBSCHSIONUMU TICPEMEHHBIMU

y =X0 + ¢,
B KOTOpOH
Y =1y ey V)’ - BEKTOp 3HAUCHMUIT OOBSICHICMON IIEPEMEHHOM B 71 HAGIIOICHISIX,

X — (nXp)-maTpuna 3Ha4YeHUN OOBSICHSAIOLINX IEPEMEHHBIX B 71 HAOMIOACHUSAX, 11 > p,

0 =06, 0, ...,HP)T - BEKTOp KO3(PPUITUCHTOB,

e=(&1, €2y ..., )" - BEKTOP CIIyUalHBIX OMIKOOK (BOMYIICHHU) B /# HAOIONCHHSIX.
Ecnu Matpunia X umeer NMONHBIA paHr p , TO MaTpULia X'X snsercsa HEBBIPOKJEHHON, [UIs HEe
cymecTByeT obpartHas marpuna (X'X) ', M OlEHKA HAMMEHBIIMX KBaJpATOB IS BEKTOpa O
HEU3BECTHBIX KOA(PDUIIUEHTOB UMEET BUJ

0 =X"x"'xy.
MareMaTHuecKkoe 0’KUAaHNne BEKTOPa OLIEHOK K03((HUIIMEHTOB paBHO

E(0)=E (XX 'X(X0+ &))=E (XX 'X'X0) + E(X'X) 'X'e)=0+EXX) 'Xe¢).

Eciu Matpuna X ¢ukcuposana, To E (X'X) 'X'¢)=X'X) 'X" E (¢) =0, Tak uro

E(0)= 90,
T.e. O — HeCMeILICHHAs OLIeHKa [isl 6.

Ecnu e Mbl UIMEEM JIeJ10 CO cmoxacmuueckumu (cay4yaiunsimu, HedemepMuHUpOBaAHHbIMU)
OOBSCHSIIOIIIME [IEPEMEHHBIMH, TO B o0meM ciydae E (X'X) 'X'¢) # 0, Tak uro

E(0)#0,
u @ — cMelleHHas oueHka mis 6 , H, KpOME TOrO, 3Ta OLICHKAa YK€ HE MMEET HOPMaJIbHOIO
pacrpeseneHus.

Ecnu oObsicHsONME TEpeMEHHbIE CTOXaCTUYECKHE, TO B HEKOTOPBIX CIIy4asiX BCE KE OCTaeTCs
BO3MOYKHBIM HCTOJB30BaTh CTaHJAPTHYIO TEXHUKY CTATUCTHYECKUX BBIBOJIOB, MPEIHA3ZHAYCHHYIO
JUISL KIIACCUYECKOM HOPMAaJIbHOW JIMNHEMHOW MOJIENH, 110 KpailHel Mepe, B ACUMOTOTHUYECKOM IJIaHe
(pu GOJIBIIOM KOJIMYECTBE HAOIIOICHUH ).

B sTom oTHOIIEHNN Hanbonee 6IaronpUsITHOM SIBIISIETCS




Curyanus A
e cCiyyaliHas BeIMYMHA £, HE 3aBUCHT (CTATUCTUYECKU) OT X1, X2, ..., X;p IPUBCEX [ U §,

® &, &2 ..., &, SBISAIOTCS HE3aBUCUMBIMHU CIy4YailHBIMU BEJIHMYMHAMH, HMEIOIIUMU
OJIMHAKOBOC HOPMAJILHOE pAaCHpE/SICHHe C HYJICBBIM MAaTEMaTHYCCKHM OXHIaHUEM U
KOHEYHOMH aucrepcueil o > 0. (Jlaee MBI KpaTKo OyneM 0003HAYaTh 9TO KaK & ; ~ i.i.d. N
(0, 02). 3nech i.i.d. —independent, identically distributed.)
[Ipy BBIMOJTHEHUH TAaKUX YCIOBUN KMEEM
E((XX) 'X'e) = E(X'X%)'X") E(s) =0,
TaKk 4YTO OIICHKAa HAaWMEHBIINX KBaJgpaToB Uil 6  sBISETCS HECMeElIeHHOH. Pacmpenenenue
CTATUCTUK KpUTepHeB (“TECTOBBIX CTAaTUCTUK’) MOXKHO HAWTH C TIOMOINBIO JBYXIIIArOBOM
nporeaypsl. Ha mepBoM miare HaxoAuM YCIOBHOE paciipeneiieHue npu GUKCUPOBAHHOM 3HAYCHUU
X ; Ipu 3TOM 3HAYEHUS OOBICHSIOMIMX MEPEMEHHBIX PAaCCMATPUBAIOTCS KaK JETEPMUHUPOBAHHbBIC
(kak B Kiaccudeckoid Moxenu). Ha BTopom miare Mbl moilydaeM Oe3ycCIIOBHOE pachpesesieHue
COOTBETCTBYIOIIEH CTAaTHUCTUKH, YMHOXas YCIOBHOE paclpeielieHue Ha IUIOTHOCTh X U
UHTETPHUPYS IO BCEM BO3MOXKHBIM 3HAYCHUSIM X .
Ecnu npumMeHUTHh Takyro MNpouenypy AJis MOITydeHHs] Oe3yCIOBHOIO pacHpellelieHUs OLEHKH

HaMMCHBIINX KBAJApaTOB 0 , TO Ha IEPBOM IIare HaXOAUM:
A -1
61X ~ No.o*(x"x)").
WHrerpupoBaHre Ha BTOPOM OJTalle MPUBOIUT K PpACIPENCICHHIO, SBISIOMEMYCS CMECHIO

o -1
HOPMAaJIbHBIX pAacCIpeesIeHUM N(H, 02()( ¢ ) ) no X . DTo pacrpeneneHue, B OTJIMYHE OT

KJIACCUYECKOTI'0 CITy4asi, HE SIBJISAETCS HOPMAJIbHBIM.
B T0 ke Bpems, Ui OLleHKH j-ro K03 duiimeHTa nmeem:

17 o))

i)’

-1 o o —1
e (X Tx ) ;= J-W AMarOHAJIBHBIN 3JIEMEHT MAaTPHUILIBI (X Tx ) R
TaK 4To
Hj —6’j

— 4 | X~ N(@,1).
o (X' X))
VCIIOBHBIM pacIpeieieHreM oTHoOmeHus S°/o” , e S° = RSS/(n — p), RSS — ocratouHas cymma
KBaJIpaToOB, SIBIISICTCS paclpeielieHne XHU-KBajapat ¢ (n — p) cTeneHsMu cBOOOIbI,
S 1e* | X ~ (n—p).

3aMeTUM TEIepb, UTO {-CTATUCTHUKA JJIA NPOBEPKU T'HIIOTE3BI Ho: % J = 9; OMPCACIIACTCA

COOTHOIICHHUEM



éj_Q; _(é_/_ej)/o'\/(XT ;l/

= =
SYX" X)), NAEes

W3 mpenpiayiiero BeITEKAeT, 4To eciu runore3a Hy BepHa, TO ycioBHOE pachpenereHue 3Toi 7-
CTaTUCTHKH UMeeT f-pacnpeaeneHue CThrofeHTa ¢ (1 —p) CTeneHsIMHU CBOOOIbI,

t| X ~ tn—p).
DTO yCIOBHOE paclpeesieHne 0JHO M To ke Jist Bcex X . [loaToMy BHE 3aBUCHMOCTH OT TOTO,
KaKoe MMEHHO pacmpeneneHne umeer X , O€3yCIOBHBIM pacIpeeneHueM ¢-craTucTuku it Ho:
0, = 6’; IpY BBIIIOJIHEHUH 3TOM TUMOTE3bl OYyET BCE TO JKe pacnpesaeieHue (n—p) .

AHaJIOTMYHOE PAacCMOTPEHHUE TOKa3bIBa€T BO3MOXKHOCTh HCHOJB30BAHUS CTAaHIAPTHBIX F-
KpUTEPUEB JUIS IPOBEPKU JTMHEHHBIX TUIOTE3 O 3HAYEHUAX KOI(PPHUIIEHTOB.

Te e caMble BBIBOJIBI OCTAIOTCS B CHJIE TIPU 3aMEHE MPEON0KCHUN CUTYai A CIIeIyOMNUM
MPEANOI0KEHUEM.

Curyanus A’
e & |X ~MO,dlL,),rne I,— exuHndHas MaTpuna (pasMepa n x n) .

JIiist KpaTKOCTH MBI OyieM Jlanee 0003HavYaTh
T .
x; = (Xu, Xp, ..., Xpp). — BEKTOP 3HAYEHUH p OOBACHAIOUIUX IEPEMEHHBIX B /-M HAOIIOJCHUU.

Curyauus B
e cCiyyaliHas BEIMYHMHA & HE 3aBUCHUT (CTATUCTHYECKH) OT X1, X2, ..., X;p IPU BCEX { U § ;

® pacmpelelieHHe CIydalHOW BEIMYMHBI &, HE SBISETCS HOPMAlbHBIM, HO
ei~iid,E(e)=0,D()=0">0 u E(e¢)=us <o
e E(x,x/)=0, — nonoxurensHo onpejenennas Matpura, (1/n)( Q1+ ...+ Q,) — O npu n
— o0, e () — TOJOXKHUTEIHHO OIpeIesIeHHast MAaTPHUIIa;
o E(XiXjiXieXg) <00 JUIA BCCX I, J, k, 5 ;
o (I/n)(x1x;"+...+x,x') — O IO BEPOSTHOCTH .
B cuiy mepBoro mpearnosiockeHusl, OIeHKa HaWMEHBIINX KBaJpaTOB BEKTOpa KOA(PQHUIMEHTOB O
0CTaeTCsl HeCMEIICHHOH, Kak U B cuTyanuu A. OJHaKO MpyU KOHEYHOM KOJMYECTBE HAOMIOACHUN 7
13-32 HErayCCOBOCTH (HCHOPMAIBHOCTH) PACIPEACICHUS & ; PACIPEIEICHHS CTATHCTHKHA S°, a
TaKXke - W F-CTaTHCTUK, OYJIyT OTJINYAThCS OT CTaHIAPTHBIX, MMOJIyYAEMbIX B MPEIMOIOKCHUN
rayccoBocTd. YToOBI MPOI0JDKATE TIOJIB30BATHCS OOBIYHON TEXHUKOW PErPECCHOHHOTO aHAIN3a, MBI
JIOJDKHBI 3/IECh COCIIAThCS Ha CIICAYIONINE aCUMIITOTHYCCKHUE PE3yJIbTaThl, CTPOTHIA BBIBOJ] KOTOPBIX
MOJKHO HalTH, Hampumep, B kaure [Hamilton (1994)].




I[IycTs @ (n) — OlleHKa HAMMEHBIINX KBAJPATOB BeKTOpa & 1o n HAOMIOAEHHAM, X, — MaTpHUIA
N o 2
3HAUCHUH OOBSICHSIONIMX IEPEMEHHBIX 1T 7 HaOJIOICHUH, a Sn2 , t., F, - cratuctuku S, ¢, F

BBIYUCIIAACMBIC T10 7 HB,6JIIOI[CHI/I$IM. Ecnu BbIIOIHEHEI MMPECAIIOJIOKCHUSA, TIEPCUUCICHHBIC IIPU
ONMMCAHUU CUTYyalluU B, TO IIPU n —> ©

Jn (§(m)-60)— N(©,0° 0",

Jn (S} ) > N0, -,

t,, > N(@©O,1),

qF, — )(z(q) , TJIe g — KOJINYECTBO JTMHEWHBIX OTPaHMYCHUN HAa KOMIIOHEHTHI BEKTOpa 6.
3ILGCI~) BE€34€ UMCHOTCA B BUOY CXOAMMOCTH IO pacnpecacjicHUIO, T.C. pacnpeﬂeneHHs{ CJIy‘-Iaf/'IHLIX
BCINYHH, CTOAINIUX CJIEBA OT CTpeJ'IKI/I, HeorpaHquHHo C6J‘II/I)KaIOTC$I HpI/I n — o C
paCHpeﬂeﬂeHI/IHMH, CTOAIIIMHU cnpaBa oT CTpeJIKI/I. HpI/I 9TOM HMCHKOT MECTO HpI/I6JII/I)KeHHI>Ie
COOTHOIIICHUA

Om)=N (0,60 '/n), wmn §(n)=N(0,¢ X, X,) "),
(mocnegHee aHAJIOTUMYHO TOYHOMY COOTHOIIICHHUIO B TayCCOBCKOM MOJIEIH),

S? = N(do*, (us — ) /n),
tn = N(0, 1),
aF. = 1(q).

Eciu B curyanuu B mnpu uMmeromemcss KoJIMuYecTBE HAONIONEHUN 7 UCHONB30BaTh HeE
ACUMIITOTHYECKHE pachpeneneHus, a pacnpenenenue CTelofeHTta #n — p) Wi ¢(-CTaTUCTUKU
(Bmecto N (0, 1)) u pacnpenenenune dumepa F(g, n — p) ang F-cTaTUCTUKU (BMECTO )(z(q) JUTS
qF,), TO 3TO HpUBOOUT K OOJe€e WIMPOKUM JIOBEPUTEIbHBIM HHTEpBaJiaM (IO CPaBHEHUIO C
WHTEpPBaJlaMU, MOCTPOCHHBIMU O ACUMOTOTHYECKUM pacrpeneneHusM). MHOrHe ucciaenoBaTelu
NPEANOYUTAIOT MMOCTYIaTh MMEHHO TaKUM 00pa3oM, YUHUTBIBAst 3TO OOCTOSTEIBCTBO M TO, YTO TPU
KOHEUHbIX 7 pacnpenenenus CrprofeHTta u Duiiepa MOryT JaBaTh JIYUIIYIO anmpOKCUMAIIIO
VMCTUHHBIX PACIPEICIICHU CTAaTUCTUK #, U F), .

Curyauus C
B paccMOTpeHHBIX BBIIIE CUTYyaIUsAX, KaK U B KJIACCHYECKOW MOJIEIH, MPEIO0JIaraioch, 4to &, | X

~ i.i.d. Teriepb Mbl OTKaKE€MCsI OT 3TOT'0 MPEIIONI0KEHUS U MPEIIOT0KHUM, YTO

® YCIIOBHOE pacIpelesieHUue CIIly4aliHOrO BEKTOpa & OTHOCHUTENIBHO MaTpULbl X SIBIIAETCS K-

MEpHBIM HOpMaJIbHEIM pacrpeneneaneM N (0, o V) ;

e J— u3BeCTHAsI IOJIOKUTEIBHO ONPEJCICHHAs MaTpPULIA pa3Mepa nxn.
[TockonbKy V — KoBapualliOHHasi MaTpHIla, OHA K TOMY )K€ ¥ CHMMETPUYHA; TaKOBOH ke OyaeT u
oGparHas K Heil Matpuua V' . Ho Torma cylecTByeT Takas HEBBIPOXKICHHAs (n1Xn)-Matpuua P
aro V '=P'P. Hcnonw3ys matpuily P, mpeoOpa3yeMm BEKTOp & K BEKTOPY

£ =Pe.
Ipu sTom E (£)=0 u ycnoBHas (OTHOCHTEIbHO X) KOBAPHALIMOHHAS MATPUIIA BEKTOPA &




Cov(e|X)=E(ceT | X)=EPe((Pe"|X)
= PE(e | X)P'=Po’ VP

Ho V=Y '=@'"P)" ', tak uto

Cov(e1X)=Pd VP =& P(P'P) 'PT=¢"1,.
[Ipeobpasys ¢ moMoIibio MaTpuill P 00e 4acTh OCHOBHOTO YpaBHEHUS

y =X0 + ¢,
MOJTy4aeM:

Py =PX60 + P¢ ,
WITH

y* _ X*H + 5‘* ,
rae

Yy =Py, X =PX, ¢ =P¢.
B npeoOpa3oBaHHOM ypaBHEHUU

e|X~N@©,d 1),
Tak 4To mpeoOpa3oBaHHAs] MOJAENH YIOBIETBOPSET YCIOBHSIM, XapaKTePU3YIOMIMM CUTyaluo A’.
T 03HAYAET, YTO BCE PE3YJIBTATHI, ONYUYCHHBIC B CUTYAIH A, IPUMEHHMBI K Mogenn y = X 6
+g .

B uwacTHOCTH, OlleHKa HAUMEHBIIIUX KBAJPATOB

O =X"X) ' X"y =X"PPxy ' XP Py =XV X)XV
SBJISICTCSI HECMEIICHHOM, T.C. E(H*) = @ , ee yCIOBHOE pacmpeneieHue (OTHOCHUTEIBHO X)
HOpPMaJIbHO ¥ IMEET KOBAPHAIIMOHHYIO MATPHUILY

Cov(0'| X)=X"X) '=dX v 'x) .
OTa OLEHKAa U3BECTHA KaK 0000uieHHas oueHka HaumeHvuux keaopamoes (GLS — generalized
least squares).

B pamkax momenn y = X0 + & MOKHO HCIONB30BATh OOBIYHBIC CTATHCTHUYECKHE
MpOIeAYPhl, OCHOBAaHHBIC HA f- U F-CTaTUCTUKAX.

Ecnu koBapuamuoHHass MaTpuiia //  HE W3BECTHA ampHOpH, TO OOBIYHO OrPaHUYMBAIOTCS
MOJICJISIMH, B KOTOPBIX OHA IapamMeTpu3oBaHa, Tak 4to V = V(f) , rae [ — BEKTOPHBIA Mapamerp,
KOTOPBIM MPHUXOIUTCS OLICHWBATh 10 MMEIOLMMCS HaOmojeHusM. llpu 3Tom nocTtaToyHO 4acTo
MOYKHO WCTIOJIB30BaTh CTaHIAPTHHIC BHIBOJBI B ACHMOTOTHYECKOM IIJIAHE, 3aMEHSISI B BBIPAKCHHUU
wit GLS onenxkn 0" = (X' V- 'X) ' X" v 'y  meussecrnyio marpunry ¥ = V(Bo) (V(Bo) —

UCTUHHAS KOBapHWAIlMOHHAs MaTpuila BekTopa & ) marpuned V(f,), rme [, — mobas

COCTOSATENIbHAs OIleHKa s fy . boiee TOro, Takyr COCTOSITEIBHYIO OIIEHKY YacTO MOYHO
MOJyYUTh MPOCTHIM aHAJIM30M OCTATKOB TPU OLIEHWBAHWU OOBIYHOW MPOIETypOd HAaWMEHBIIIHX
KBaJpaToB.



PaccmoTpeHHBIE cUTyallul HE OXBATHIBAIOT, OJIHAKO, HanboJiee MHTEPECHBIX Ul HAC MoJeleit
CTAllMOHAPHBIX M HECTAllMOHAPHBIX BPEMEHHBIX PANOB. MBI mepeiieM Tenepb K OOCYXAECHUIO
OCHOBHBIX MOHATHH U (HaKTOB, KACAIOUIMXCS CTAIIMOHAPHBIX M HECTAIIMOHAPHBIX BPEMEHHBIX PSJIOB,
U PaCCMOTPEHHIO NMPOLEAYP PETPECCUOHHOIO aHAIN3a BPEMEHHBIX PSIJIOB.



maBa 2. CtaumoHapHble paabl. Mogenun ARMA

2.1. Obwue noHsIMUS.

[lon epemennvim psoom (time series) TOHUMAETCS TOCIEAOBATEIHHOCTh HAOIIOICHUI
3HAYEHUW HEKOTOPOW MEPEMEHHOM, MPOU3BEACHHBIX Y€pE3 PaBHbIE MPOMEKYTKH BpeMeHH. Ecin
NPUHATH JUIMHY TaKOTo MPOMEXKYTKA 332 €AUHHIY BpeMeHH (TOJ, KBapTal, ACHb U T.I.), TO MOXHO
CUMTATh, UTO MOCJIEI0BATEIbHbIC HAOMIONEHUS X1, ..., X, MPOU3BEIECHbI B MOMEHTHI f =1, ..., 1.

OcHOBHas OTIMYUTENHHAST OCOOCHHOCTh CTATUCTUYECKOTO aHAIN3a BPEMEHHBIX PSAIOB COCTOUT
B TOM, YTO IOCJIEOBATENbHOCTh HAOMIOACHUH X, ..., X, PpAcCMaTPUBAETCS KaK peaau3anus
MOCIIEI0BATEIHHOCTH, BOOOIIIE TOBOPSI, CTATUCTHYECKH 3aBUCUMBIX CIIy9alHBIX BETUYUH X, ..., X,
, IMEIOIIIMX HEKOTOPOE COBMECTHOE pactpeziesieHue ¢ PyHKIuen pacrnpeaencHus

Fvi,va, oo, vn) =P{ X1 <y, Xo<vy, ..., Xy <, }.
Mps1 OyneM paccMaTpuBaTh B OCHOBHOM BPEMEHHBIE PsIJIbl, Y KOTOPBIX COBMECTHOE pacIpe/ieiieHue
CIIyYaiHBIX BETUYUH X|, ..., X;, ©UMEET COBMECTHYIO IIOTHOCTh pacupenaeneHus p( Xi, X2, ... , Xp).

Uro0bl caenaTh 3aqadyy CTaTHUCTUYECKOTO aHaju3a BPEMEHHBIX PAJOB JOCTYIHOM s
MPAKTHYECKOTO PEUICHHs], MPUXOAUTCS TaK WU MHA4YE OTPAHUYMBATH KIACC PaCcCMATPUBAEMBIX
Mojieiell BpeMEHHBIX PSAIO0B, BBOJAS T€ WM MHbBIE MPEANOI0KEHHUSI OTHOCUTEIBHO CTPYKTYPHI psiia
U CTPYKTYPBI €r0 BEPOSTHOCTHBIX XapakTepucTuk. OAHO M3 TaKMX OTPAaHMUYEHUI TMperoiaraet
CTAIlMIOHAPHOCTh BPEMEHHOTO PAJa.

Pan x,, ¢t =1, ..., n, Ha3BIBaCTCA CMPO20 cmauuoHapHovim (U CHAUUOHAPHBIM 6 Y3KOM
cmbliciie), ecinu s oboro m ( m < n) COBMECTHOE pacTpe/eiieHHEe BEPOSITHOCTEH CIydalHbIX
BeIMuuH X | vees X , TaKoe e, KaK u s X X MY OOBIX f1,..., 1, U T, TAKHUX, YTO

tl+2'""’ tm+r’
1<t,....thw<nmul<tutz ..., t,2t7<n.

Hpyrumu cioBaMu, CBOMCTBA CTPOTO CTAllMOHAPHOTO BPEMEHHOrO psiia HE M3MEHSIOTCS MpHU
M3MEHEHUU Haudajla oTcueTa BpeMeHH. B uwacTHOoCTH, pu m = | U3 NPEAnosoKEHUs O CTPOrou
CTAallMOHAPHOCTH BPEMEHHOIO0 psAla X, CIEIyeT, YTO 3aKOH paclpelesieHUs BEPOSTHOCTEU
CIy4YailHOM BEJIWYUHBI X; HE 3aBUCUT OT f, a 3HAUYUT, HE 3aBUCAT OT ! U BCE €r0 OCHOBHBIC
YUCJIOBBIC XapPaKTEPUCTUKH (€CJIM, KOHEYHO, OHU CYIIECTBYIOT), B TOM YHCJIE: MATEeMaTHYECKOE
oxunanue E (X;) = u u nucniepcust D(X;)= o’

3HaueHue f/ OMNpeAeNseT TOCTOSIHHBIH YPOBEHb, OTHOCHUTEIBHO KOTOPOTro Kosebiercs
aHAJIM3UPYEMbI BPEMEHHOMU PSJ X;, a IOCTOSIHHASL O XapaKTEepU3yeT pa3Max 3THX KoJeOaHUH.

Kak MBI yXe TroBOpWiIHM, OAHO W3 TJIABHBIX OTIMYMN MOCIEAOBATEIHLHOCTH HAOIIO/ICHUH,
00pa3yomux BPEMEHHOM psiji, 3aKJIIOYAeTCsl B TOM, YTO YJI€HBI BPEMEHHOTO psijia SBISIOTCS,
BOOOIIIE TOBOPS, CTATUCTHUECKH B3aMMO3aBUCUMBIMH. CTEMeHb TECHOTHI CTATUCTUYECKOW CBSI3U
MEXy CIly9alHbIMH BeNIWYMHAMH X; U X;i; MOXET OBITh M3MEpPEeHa MapHBIM KOIPPUITUESHTOM
KOppESALNU




Con(X,, X, )

VDX YD(X,..)’

Cov(X:, Xi +0) = E [(Xi—E(X))(X: +r —E(Xi10))] -
Ecnu psn x; craumonapHsiii, To 3HaueHue Cov(X; , X;+,) He 3aBUCHUT OT ¢ U sBISETCS QYHKIHEH
TOJILKO OT 7 ; MBI OyZIeM HCIIOJIb30BaTh i HEero obo3HaueHue y(7) :
7(9) = Cov(X;, X +) .
B vacTtHOCTH,
D(X;) = Cov(X;, X, )= y(0) .
COOTBETCTBEHHO, JIJIsl CTAIIMOHAPHOTO psifia B 3HaueHne kodpdumuenta koppemsuauu Corr(X; ,
X, +;) 3aBUCHUT TOJIbKO OT 7 ; MBI OyJIeM UCTOJIb30BaTh JIJIs1 HEr0 0003HaueHue p(7), TaK 4TO
p(7) = Corr(X,, X, +0) = y(0)/7(0) .
B wactnoctn, p(0)=1.
[IpakTudeckass mpoBepKa CTPOrOW CTAllMOHAPHOCTU psAda X; HA OCHOBAaHWHM HAOIIOJICHUS

Corr(X;, X; +0) =

rac

3HaYeHUH X|, X2, ..., X, B OOIIEM ciydae 3aTpyIHUTEIbHA. B CBSA3M C 3TUM MOJ CTallMOHAPHBIM
PAIOM Ha IPAKTUKE YaCTO MOAPA3yMEBAIOT BPEMEHHOM Pl X; , Y KOTOPOIO

o EX)=u,

e D(X)=o0?

o Cov(X;,X;+;)=y(7r) nnamoObIX ¢ ¥ 7.
Psii, Uit KOTOPOTO BBIMOJIHEHBI YKAa3aHHBIC TPH YCJIOBHS, HA3bIBAIOT CIMAUUOHAPHBIM 6 UUUPOKOM
cmoicie (c1abo CMauuoOHapHvIM, CMAUUOHAPHBIM GMOPO20 NOPAOKA WIH KOBAPUAUUOHHO
CIMAUUOHAPHBIM).

Ecnu psia sABISETCS CTAlMOHAPHBIM B IIMPOKOM CMBICIEC, TO OH HE O00S3aTENBbHO SBIISCTCS
CTpOrO CTalMOHApHBIM. B TO e BpeMs, M CTPOro CTAIMOHAPHBIA pAA MOXKET HE OBITh
CTAIMOHAPHBIM B IIMPOKOM CMBICIIE TMPOCTO IMOTOMY, YTO Y HEr0 MOTYT HE CYIIECTBOBATh
MaTeMaTHYECKOe OXHIaHWe W/Wiak aucrnepcus. (B OTHOIIEHWH MOCIETHEr0 MPUMEPOM MOXKET
CITY’KUTh Clly4aiiHasi BeiOOpKa u3 pacnpeaesienus Komu.) Kpome Toro, BO3MOXHbI CUTyallnH, KOTAa

yKa3aHHbIE TPH YCJIOBHS BBITIONHSAIOTCA, HO, Hanpumep, E( X, ) 3aBUCHT OT ¢ .

Pan x,,t=1, ..., n, Ha3pIBaeTCAd 2aAYCCOBCKUM, ECIIA COBMECTHOE PACIPEACICHUE CIyYalHbIX
BEIMYUH X, ..., X, SBJISIETCS N-MEPHBIM HOPMAJIbHBIM pacnpezeseHueM. s rayccoBCKOro psaa
MOHATHUS CTAMOHAPHOCTU B Y3KOM U B IIIUPOKOM CMBICIIE COBITAJAIOT.

B nanbHelinem, roBopst 0 CTallMOHAPHOCTH HEKOTOPOTO psifa X; , Mbl (€CIIM HE OrOBApUBAETCS
NpOTUBHOE) Oy/JeM UMETh B BUIY, UTO 3TOT Psiji CTALIMOHAPEH B IIMPOKOM CMbICJE (TaK YTO y HEro
CYIIECTBYIOT MaTeMaTHYECKOE 0XKUJIAaHUE U TUCTIEPCHS).

Wrak, mycTs x; — craupoHapHsii psig ¢ E(X) = 4, DX) = o’ u  p(7) = Corr(X, , X1
IToCKONIBKY B JAHHOM citydae KO3()GHUIUEHT p(7) U3MepsieT KOPPESIUI0 MEX/ILY YWICHAMH OJHOTO



U TOTO K€ BPEMEHHOrO psija, €ro MPHUHITO Ha3blBaTh Kodgduuuenmom asmoxoppenayuu (Wi
npocto asmoxoppensayueit). 1o Toit xe npuunnae o koBapuanusx y (7) = Cov(X; , X; +;) roBopsT
Kak 00 agmokosapuayusax. I1pu aHanu3e U3MEHEHUS BEJIMUMHBI p( 7) B 3aBUCUMOCTH OT 3HAYCHUS T
NPUHATO TOBOPUTH 00 aemokoppenayuonuou @yukuyuu p(7). ABTOKOppEISIUOHHAS (YHKUIUSA
Oe3pa3MepHa, T.e. HE 3aBHCUT OT MacuTaba M3MEpPEHMs aHAJIM3UPYeMOro BpeMeHHoro psja. Ee
3HAUEHUs MOTYT M3MEHSThCS B mpenenax or —1 go +1; mpu stom p(0) = 1. Kpome Toro, us
CTAllMOHAPHOCTH psiia X; ciuemayer, 4to p(7) = p(—7), TaK 4YTO MpH aHAIU3E IOBEICHHUS
AaBTOKOPPENIAIUOHHBIX ~ (YHKUMH  OOBIYHO  OrPAaHUYMBAIOTCS  PACCMOTPEHUEM  TOJIBKO
HEOTPULIATEIbHBIX 3HAYCHUH 7 .

I'padux 3aBucumoctd  p(7) OT 7  HYACTO HA3BIBAIOT  Koppenozpammoi. OH MOXKET
UCMONIB30BaThCsl  JJISl  XapaKTepU3alMM HEKOTOPbIX CBOMCTB MEXaHHM3Ma, IOPOXKIAIOIIEro
BPEMEHHOM psl. [ nanpHENIIero 3aMeTuM, 4TO €ClIU X; — CTallMOHAPHbBIA BPEMEHHOU pPsiA U ¢ —
HEKOTOpasi MOCTOSIHHAsSI, TO BPEMEHHBIE PAIbl X; U (X; + ¢) UMEIOT OJJMHAKOBBIE KOPPEIOTPAMMBI.

Eciu npeamnonoxuTh, 4YTO BpPEMEHHOM Pl OMUCBHIBAETCS MOJENbIO  CTAal[MOHAPHOIO
rayCCOBCKOTO TpOIlECcca, TO MOTHOE OMMCAHWE COBMECTHOTO PacMpeAeNieHUs] CIIyYalHbIX BEITUYHH
X1, ..., X, Tpeoyer 3amanust n+1 mapametrpos: u, y(0), (1), ..., y(n—=1) (uwmm u, y(0), p(1), ...,
p(n —1)). DT0 HAaMHOTO MEHbIIE, YeM 0e3 TpeOOBaHMS CTAIlMOHAPHOCTH, HO BCE K€ OOJIBIIE, YeM
KOJIMYECTBO HaGJIIO,Z[CHI/Ifl. B cBsa3u ¢ 9TUM, OAXKE IS CTAllMOHAPHBLIX T'ayCCOBCKUX BPCMCHHBIX
PAIOB MPUXOAMUTCS IMPOU3BOJIUTH AaJIbHEHIIEE YMNPOIIEHWE MOJEIN C TeM, YTOObI OrpaHUYHUThH
KOJUYCCTBO MapaMCTpoOB, MOMJICKAINHNX OUCHHBAHUIO 110 HMCHOIIUMCA Ha6JIIO,Z[eHI/I$IM. Mpgr
NEePEeXo/ UM Teleph K PACCMOTPEHHI0 HEKOTOPBIX MPOCTHIX MO CTPYKTYpPE BPEMEHHBIX PSAOB,
KOTOpPBIC, B TO KC BpPCMs, IMOJIC3HBI AJId OMNHMCAHHUA 3BOJIOIMU BO BPECMCHHU MHOIUX PCAJIbHBIX
SKOHOMUYECKHX MTOKAa3aTeNIeH.

2.2. Ipouecc 6es020 wyma

Ilpoueccom oenozo wiyma (“Genvim wiymom”, “uucmo cay4yaiHvlm 6peMeHHLIM PAOOM”)
Ha3bIBAIOT CTAllMOHAPHBIA BPEMEHHOMU Al X; , JJIsl KOTOPOTO

EX)=0, DX)= >0
u

p(7)=0 mpu 7#£0.

Ilocnennee o3Hauvaer, 4To NpU ¢ # § CllydyalHble BeIW4YuHbl X; W X; , COOTBETCTBYIOLIUE
HaOJII0IEHUSIM TIpoliecca Oeoro nryma B MOMEHTHI f U S, HEKOPPEIHPOBaHBbI.

B ciyuae, xorma X; mMeeT HOPMaJbHOE pacIpeieiieHHe, ClydanHble BeauduHsl X i, ..., X ,
B3aHMHO HE3aBHCHMBI M HMEIOT OJMHAKOBOE HOpMaibHOe pacmpenenchne N(0, o %), 06pasys
cily4aifHyr0 BBIGOPKY M3 9TOro pacmpeneieus, T.e. X, ~ iid. N(O, o %). Takoil psi Ha3bBarOT
2aycco6CKuM Oenvim uymom.



B 10 ke Bpems, B 001ieM ciyyae, axe €Clid HEKOTOphIE ClydalHble BEJIMYUHBI X, ... , X,
B3aMMHO HE3aBUCHMbI M UMEIOT OJMHAKOBOE PACHPEIEICHUE, TO 3TO €Ille HE O3HA4aeT, YTO OHHU
o0Opa3yroT mpouecc Oenoro Imyma, T.K. cilydailHas BEIMYMHAa  X; MOXET NIPOCTO HE HMETh
MaTEMaTHYECKOTO OKUJAHUS W/WIH TUCTiepcuu (B KauecTBE MPUMEpa MBI OMSITh MOKEM yKa3aTh Ha
pacmpenenenne Kommn).

BpemenHoil psn, COOTBETCTBYWOIIMK TMpolieccy Oemoro 1ryma, BeaeT celsi KpaiiHe
HEpETYJISIPHBIM 00pa30oM U3-3a HEKOPPETUPOBAHHOCTHU NP f # § CIydyalHbIX BeMUYuH X; U X;. D10
WUTIOCTPUPYET TNPUBOAUMBIN HIDKE TpaduK CMOJEIMPOBAHHOW pealn3allid TrayCCOBCKOTO
npoiiecca 6enoro myma (NOISE) ¢ D(X;) = 0.04.
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—— NOISE

B cBsizu ¢ 3TUM mporiecc Genoro mryma He TOAUTCS ISl HEOCPEICTBEHHOTO MOJICITHPOBAHUS
SBOJIIOLMM OOJIBLIIMHCTBA BPEMEHHBIX PSAOB, BCTPEUAIOIIMUXCS B SKOHOMHUKe. B TO ke Bpems, Kak
MBI YBUJIUM HIKE, TAKOU TpoIecc sABisieTcs 0a30i i MOCTPOCSHHs 60Jiee peaTuCTUIHBIX MOJIeNeh
BPEMEHHBIX PsIJIOB, TMOPOXKIAIOIMUX ‘“‘Ooyiee Tiaaakue” TpaeKTOpuu psga. B cBs3u ¢ gacThiM
UCIIONBb30BaHUEM Mpoliecca Oeoro nrymMa B JallbHEHIIEM W3JI0KEHUH, MBI OyJleM OTJIMYaTh JTOT
MPOLIECC OT APYTUX MOJeNIell BpEMEHHBIX PSI0B, UCTIOJIb3YS AJIsl Hero 0003HaueHue &; .

B kauecTBe mpumepa psia, TPAGKTOPHUS KOTOPOTO TOX0XKa HA peaau3aluio mpolecca 0enoro
nrymMa, MOXKHO YyKa3aTb, HallpuMep, Ha pdAl, OOpa30oBaHHBI 3HAYEHUSIMH TEMIIOB W3MEHEHUS
(mpupocta) unnekca Jloy-/xonca B Teuenne 1984 rona (mHeBHbIe AaHHbIE). ['paduk sToro psga
UMEET BU]I



[— DOW-JONES_TEMP |

3aMeTHM, OJHAKO, 4YTO 37ecCh HaOMI0JaeTcs HEKOTOopash aCUMMETpHsl paclpeleseHus
BEPOATHOCTEM 3HAYEHMH X; (CKOLIEHHOCTb 3TOr0 PACHpPEICNICHHS B CTOPOHY MOJOXKHUTEIbHBIX
3Ha4YeHUH ), YTO UCKIIIOYAET OMMCAHUE MOJEIIN 3TOr0 Psijia KaK FayCCOBCKOro OEsIoro uryma.

2.3. [Ipoyecc asmopezpeccuu

OpHolf M3 IIHMPOKO UCHOJB3YEMBIX MOJENed BPEMEHHBIX DSJIOB SBISIETCS  mpouecc
asmopezpeccuu (modenv agmopezpeccuu). B cBoeil npocreiiineit oopMe MOJIEIb aBTOPETPECCHH
OIMCHIBAET MEXAHU3M MOPOKJICHUS Psijia CIETYIOIHUM 00pa3oM:

Xi=aX_1te,t=1,...,n,

e & — Iporece Georo IyMa, MMEIOIIHiT Hy/IeBOE MATEMATHUECKOE OXKHJAHAE H AUCIIEPCHIO O,
Xo — HeKoTOpas ciayyaiiHas Belu4ynHa, a a # 0 — HEKOTOPBI MOCTOSHHBIN K03 PHUIIMEHT.
[Ipu sTOM

E(X) = aE(X, 1),

TaK 4TO pacCMaTPUBAEMBIH MPOIIECC MOXKET OBITh CTAIIMOHAPHBIM TOJBKO eciu E(X;) = 0 mis Bcex ¢
=0,1,...,n.

Hanee,

X=aX +te=a@Xiat+e)ta=a Xaotae +a=...=

ZathvLa’_l eita et ... +é&,
Xo=aXoa+ei=a"' Xo+a P a+a et .. e,
Xo=aX3ten=a t_2Xo +a®? & ta -4 &t ... teo

3

5

X 11— 4a Xo + 1.
Ecnu cnydaitHas BenuunHa Xy HE KOppEJIHpOBaHA CO CIyYalHBIMU BEJIMYUHAMU &, &2, ..., En, TO
OTCIO/Ia CJIETYET, YTO

Cov(Xo, €1) =0, Cov(X1, &)=0, ..., Cov(X,2, 1) =0, Con(X,1,&)=0
u

D(X)) = DX + &) = a’DXen) + Die), 1 =1, ..., n.



[Ipennosnaras, HakOHeL, 4TO
D(Xo) =D(X)) = o> mmiBcex t=1,....n,
HaXOJUM:
O'X2 = aZO'X2 + 0'82.
[locnenHee MOXKET BBIIOJIHATHCS TOJIBKO MPH BBIMOJIHEHUHN YCIOBUS <1, te.
a <l1.
IIp¥ 5TOM IOTydaeM BHIPAKEHHUE UTS Oy
oy = 0'82/(1— az) )
Yro KacaeTcst aBTOKOBapHaLuii U aBTOKOPPEISLUN, TO
Cov(X;, X; +) = Cov(a "Xo+a 1 g ta 2 ot+...te,
" Xota " et a T et + e =
— d2t+TD(X()) + aT(l + az + .+ a2(t71))o_82 —
=d' [a¥o/(1- a°) + (1- a7 (1-d)] = [a '/ (1- a*)] o,

Corr(X;, X;+)=a",
T.€. MIPU CHEJaHHBIX MPEINOJIOKEHUSAX ABTOKOBAPUALIMM M ABTOKOPPENALMHU 3aBUCAT TOJBKO OT
TOTO, HACKOJIBKO Pa3HECEHBI TI0 BPEMEHH COOTBETCTBYIOIINE HAOIIOCHUSI.

Takum 00pa3oMm, MeXaHU3M TMOPOXKIEHUS TMOCIEAOBATEIbHBIX HAOTIOACHUM, 3alaHHBIH
COOTHOILICHUSIMH

Xi=aX.+te,t=1,...,n,
MOPOK/IAET CTAIMOHAPHBIA BPEMEHHOM Psifl, €CIU

° a<1l;

e ciy4ailHasg Belu4uHA Xo HE KOPPEIUPOBAHA CO CIIYyYAHBIMU BEIMUUHAMU &1, €2, ..., En;
o EXy)=0;

o DXo)=0’/(1-d).

ITpu satom Corr(X;, X;+)=p(1)=a".

PaccMoTpeHHass Mojenb MopokaaeT (MPU  YKa3aHHBIX YCJIOBHAX) CTAI[MOHAPHBIA DA,
VMEIOIIHI HYJIEBOE MaTeMaTnieckoe oxupanue. OIHAKO €€ MOXKHO JIETKO PaclpoOCTPaHUTh M Ha
BPEMEHHBIE PAIBl ), C HEHYJIEBBLIM MaTeMAaTUUECKUM oxumanueM FE(Y;) = y , momaras, 4To
yKa3aHHas MOJIEJIb OTHOCHTCS K LEHTPUPOBAHHOMY psiny X, = Y, —u:

Yi-u=a(Y—p)te, t=1,...,n,

TaK 4To

Y= aY 1 +to+te, t=1,...,n,
rae

o=u(l-a).

[TosTomy 6e3 orpaHuueHusi OOIIHOCTH MOXXKHO OOOWTHCH B TEKYIIEM PACCMOTPEHUU MOJEISAMU
aBTOPErpeCcCUy, MOPOKAAOMNUMHI CTALIMOHAPHBIM MPOLIECC ¢ HYJIEBBIM CPEIHUM.



[Ipomomkast paccMOTpeHUE i paHee OMNpeeJIeHHOro mpolecca X; (c HyneBbM
MaTEeMaTHYECKUM OXKUJAHUEM ), 3aMETHUM, YTO JIJIS1 HETO

y(1) = B, X,1) = E [(a X1 + &) Xit] = ay (0),
TaK 4TO

p(L)y=y1)/y(0)=a,
U TIpU 3HaueHusx a > 0, Oinm3kux K 1, MEXIy COCEIHUMM HAOMIOIEHUSIMH UMEETCS CHUJIbHAS
MOJIOKUTENbHASI KOPPEJSIIHS, 4TO oOecreynBaeT OoJiee MagKuil XapakTep MOBEICHUS TPACKTOpUi
psAlla o cpaBHEHHUIO ¢ TporeccoM Oenoro myma. [Ipu a < 0 mporecc aBToperpeccuu, HaMmpoOTUB,
UMEeT MEHee TJaJKhe peanu3aliy, MOCKOIbKY B JTOM CJly4yae MpOSBISETCS TEHICHIUS
YepeIOBaHMs 3HAKOB TIOCTICI0BATEIBHBIX HaOmoaeHni. Ciemyromnue 1Ba rpaduka 1eMOHCTPUPYIOT
MOBE/ICHHE CMOJENMPOBAHHBIX peanu3aliii BPEMEHHBIX PSIOB, MOPOXKIECHHBIX MOMACISIMU
aproperpeccnn X, =a X1 +¢& ¢ o7=0.2 npu a = 0.8 (nepssiii rpadgux) 1 a = — 0.8 (BTOpOii
rpaduk).
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Teneps MBI JOMKHBI OOpaTUTh BHUMAaHUE Ha CJEAYIONIee Ba)XXHOE OOCTOSATENbCTBO. B
MPAKTUYECKUX CUTYalMSIX ‘‘CTapTOBOE” 3HAUEHUE X)= X( , HA OCHOBE KOTOPOTO B COOTBETCTBHH C
cooTHomeHUeM X; = a X1 + & CTpPOSTCS MOCHEeAYIOIINE 3HaUeHus psaa X; , MOKET OTHOCUTBCSA
K KOHIly NpEeAbIAYIIEro Mepuoja, Ha KOTOPOM MPOCTO B CHIIY APYIMX SKOHOMHUYECKHUX YCIIOBHU
HBOJIIOIMSI COOTBETCTBYIOIIETO SKOHOMUYECKOIO MOKa3aTels CleAyeT MHOW MOJIENU, HalpuMmep,
Monenu X; =a X,y +¢& C IpyrMMU 3HAYCHUSIMUA a U 0'82. bosee Toro, craTucTuueckre JaHHBIE O
MOBEJCHUU psiia 10 MOMEHTa ¢ = () MOTyT OTCYTCTBOBaTb BOBCE, TaK UTO 3HAUEHHUE X( SIBISAETCA
MPOCTO HEKOTOPOU HaOII0aeMON YHCIOBON BeMMYUHONU. B 00oux cimyuasx psg X, yxe He Oyaer
CTallMOHApHBIM Aaxke npu a < 1. PaccMoTpum monpoOHee XapakTEepUCTUKU U MOBEACHHUE psilia B
TaKUX CUTYalUsX.

Ecnu He KOHKpeTH3UpOoBaTh MOJIEIb, B COOTBETCTBUU C KOTOPOI MOPOXKAAIUCH HAOIIOIEHUS 110
MOMEHTa ¢ = |, TO 3HaUEHUE X( MOXKHO paccMaTpuBaTh Kak pukcupoBanHoe. [Ipu s3Tom

Xt=a’xo+aH 81+a17282+ ... te,

EX)=a'xo+a""E(e)+a"E@e)+...+E@)=a'x,



DX)= (@ "+ P+ .+ 1) o’ =[(1-a")/(1- d)]o”
=0/ (1-a) - [d*/(1- aD)] oy,
Cov(X;, X, +)=Cov(X,—a'xo,X;+:—a me) =a'(1+ a+..+ az(H))Ug2
=a'(1- a*)o./ (1- ),
TaK YTO M MATEMaTHYeCKOe OXHJAHWE W AWCIICPCUS CIIyYalHOHW BEIMYMHBI X, , a TaKke
koBapuanuu Cow(X;, X; +;) 3aBHUCAT OT ¢ .
B 10 xe Bpems, ecnmn a <1, To pu ¢t — o0 moixydaem
EX) — 0, D(X) — 0,7 (1-a%), Cov(X;, X; +2) — a " [0/ (1— a*)],
T.€. IPH {— 00 3HAYECHUS MATEMATHYECKOTO OXHAaHUS U JUCIEPCUU CIydyalHOU BEeIHUUHBI X, a
takke aBTokoBapuanuu Cov(X; , X; ;) cTaOWAM3UPYIOTCS, MPHUOIMKAICh K CBOMM MPEACITHHBIM
3HAYCHUIM.
C oTOl TOUYKHM 3peHHs, yCIoBUe a < | MOXHO TPaKTOBaTh KakK yCIOBUE CTAOWJIBHOCTH psifa,
MOpOXKIAaEMOro MoAeblo X, = aX, | + & mpu GUKCUPOBAaHHOM 3HaUYeHUU X)= X( . PaccmoTpum B

3TOM CUTyaluH HapsAAy C TOJIBKO YTO MCCIIEAOBAHHBIM PSAAOM X,
t—1
o k
Xt—ax0+2a &, », a<l,
k=0

PAL, TOPOXKAAEMBINA MOJEIIBIO
0
T _ k
X, = Za E -
k=0
Nmeewm:
~ o0
X, -X,=-a'x,+ Y a"e,_;

k=t
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~

TakuMm oOpasom, psag X, gBIeTCS OPeNedbHBIM 1 X, ; psaa X; “BBIXOAMUT Ha pexum” X, mnpu
t b t

t— oo . [Ipu 5TOM BBIXOA psina X, Ha pexuM X, OPOUCXOAUT TeM ObIcTpee, ueM Ommke Xo U a
K HYJIIO.

~

Ja paga X,

E()N(t):E > ae,, :Zw:akE(gt_k):O ,
k

=0 k=0

k=0 k=0 e 1—a
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Cow( X, X, )=E|| Ya‘e,, | Yae. . ||=a"| Ya*Elel,)|=a" 2
k=0 k=0 k=0 l-a
Tak 4T0 X, — CTalMOHApHBIA psJ (B IMPOKOM cMbicie). Kpome Toro,
~ 0
_ k
X, _Za Eik o>
=1
TaK 4TO
~ 2 ~
- k -
aX, +e¢ = Za e, =X,
k=0
T.€. X, yJIOBJIETBOPSAET COOTHOUIEHUIO
X,=aX,  +eg,.
ITockoneKy &; ~ He BXOAMT B IPaBYIO 4acTh BbIpaXkeHui mia X, ,, X, ,, .., TO cly4alHas
BEIIMYMHA & He KoppenupoBaHac X, |, X, ,, ..., T.e. & sBIsAeTCd NHHOBaIMEH (OOHOBIEHHUEM).

B wrore momydaem, uro X, — CTAallMOHapHBIN MOPOLIECC ABTOPErPECCUM MEPBOTO MOPSAKA, U

t

(daKkTUYeCKH MMEHHO 3TOT IMPOILIECC UMEETCS] B BHJY, KOI/Ia TOBOPSIT O CTAllMOHAPHOM IIpoliecce
AR(1).

[IpowmrocTpupyeM CKa3aHHOE BBILNIE C IOMOLIBIO CMOJICIMPOBAHHBIX pealu3alvi psiaa X,
MOPOXAEHHBIX MOAeNbl0 X; =a X, +¢& ¢ 0= 0.2 u pa3nnyHbIMH 3HAUYCHUSIMH KOd(PPUIECHTA
a A CTapTOBOIO 3HAYECHUS X).

x0=2; a=0.5 x0=0; a1=0.5
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x0=2; a=0.9 x0=0; a=0.9
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PaccmoTpeHHy10 TONBKO 4TO Moaeinb X; = a X, | + & Ha3bIBalOT NPOLIECCOM aBTOPErPECCUU
nepBoro mnopsiaka. Ilpoyecc aemopezpeccuu nopsaoka p (B xkpaTkoM oOo3HadeHuu — AR(p))
OIpPEEIIAETCS COOTHOLIEHUSAMU

X=a Xt Xot...taXepte, a,#0,
rae & — mpouecc Gemoro myma ¢ D(g) = o, . Jl1st IPOCTOTHI MBI Gy IeM Terephb cpasy Mojiararh,
yt0 Cov(Xis, &) =0 nns Bcex s > 0; mpu 3TOM rOBOPST, UTO CIIy4ailHbIE BEIUUUHBI & OO0pa3zyloT
UHHOBAUUOHHYIO (0OHOBIAIOULYIO) NOCTE008AMETIbLHOCHIb, A CITyUaliHasl BEIMYMHA & Ha3bIBACTCS
uHHosayuen 515 HaOMIOAEHWST B MOMEHT ¢ . Takasg TEpMHHOJIOTHUS OOBSACHSAETCS TEM, 4TO
HaOM0JaeMoe 3HAYCHHE psAa B MOMEHT { TMOJNydYaeTcs 37ech Kak JIMHEWHas KOMOWHanus p
IPEIIECTBYIOLIUX 3HAUEHUN 3TOr0 psijia IJII0C HE KOPPETUPOBAHHAS ¢ 3TUMU IPEALIECTBYIOIUMU
3HAUEHUSIMU CIIy4ailHasi COCTaBISIONIas & , OTpakarolas OOHOBICHHYI0 HHPOPMAIIHIO, CKaXeEM, O
COCTOSIHUM 3KOHOMHKH, HA MOMEHT ¢ , BIMSIONIYIO0 Ha Ha0I0jaeMoe 3HaueHue X; .

[Ipu paccMOTpeHHMH TMPOIECCOB AaBTOPETPECCHMM M HEKOTOPBIX JPYrHX MoJeled yIo0HO
UCIIOJIB30BaTh onepamop 3anazovieanusn L (lag operator), KOTOpbII BO3ACHCTBYET HA BPEMEHHOM
PSA U OTIpEIeIIIeTCSl COOTHOLICHHEM

LXi=Xi1;

B HEKOTOPBIX PYKOBOJICTBAX €T0 HA3BIBAIOT OMEPATOPOM OOpPATHOTO CABUTA U UCTIOIB3YIOT AJISL HETO
obosnauenne B (backshift operator).

Ecii omeparop 3ama3ablBaHus MpUMEHsieTcss k pas, 9To 00o3Hadaercs kak L', To aTo naer B
pe3ynbTare

L' X=X
Bripaxenue

X tax Xo+ .o+ a, Xy
MO’KHO 3alucarh Telepb B BUJIE

(aL+a L’ +...+a, ") X,

a COOTHOUIEHHE, ONPEAEIISAIONIEe POLECC aBTOPETPECCUN p-TO MOPSAKA, B BUAE

a(l) X, =&,




rae
all)=1-(aL+a L’ + ... +a, 7).
Jist TOrO, YTOOBI TaKOH Mpolecc ObLT CTAMOHAPHBIM, BCE KOPHH areOpandecKoro ypaBHEHHUs
a(z)=0
(BelleCTBEHHBIE U KOMILJIEKCHBIE) JOJIKHBI JIEKaTh BHE eMHUYHOrO kpyra z < 1. (B uwactHOoCTH,
st mporiecca AR(1) umeem a(z) = 1— a z , ypaBHenue a(z) = 0 umeet kopeHb z = l/a , u ycinoBue
CTAllMOHAPHOCTH z > | paBHOCWIBHO YK€ 3HAaKOMOMY HaMm ycioBuio a < 1.) IIpu aTom pemienue
ypaBHeHI/I}I a(L) X; = & MOXHO NpPeACTaBUTb B BUJIE

X = a(L) ijg,j, rae A]Z_;]‘bjkoo,

j=0

OTKyJa, B YaCTHOCTH, CJICAYET, YTO
E(X) =E(ijg,j] =>'bE(¢,_;)=0.
j=0 j=0

Cranuonapusiii nporiecc AR(p) ¢ HEHYJIEBBIM MaTEMaTHYECKUM OXKHIAHUEM L YIIOBJIETBOPSIET
COOTHOLIEHUIO

all) (Xi—u) =e,

170111
ally X,=0d+e,
rmue
o=allu=p(l-ar—ar—...—ay,) = pa(l).

[Ipu aTom pemienne ypaBuenust a(L) (X;— u) =& umeer Buj
1
&t
a(L)
TakuMm oOpaszom, eciii cranroHapHbIN nporecc AR(p) 3anan B Buge a(L) X; = 0 + & , TO cienyer

INIOMHHUTDB O TOM, YTO B 3TOM CJIy4a€ MATEMATHYCCKOC OKUAAHUEC 3TOTO IMPOLECCa PABHO HE 5, a
1)

(l—al—az—...—ap)'

Xo=p+

/J:

st mportecca AR(1) umeem a(L) = 1— al , Tak 4yTo (BHE 3aBUCHUMOCTHU OT TOTO, PABHO 4/ HYJIIO
WU HET)

Xi—u =/(1-al))g=(1+al + AL+ )& =&+ agt azat,2+ e
W3 nocieqHero BEIpaKEHUs Cpa3y BUIHO, UYTO

p(k) = Corr(X; , Xo) =a®, k=0,1,2, ....
I[Ipu 0 < a < 1 xoppenorpamma (rpaduk ¢ynkuuu p(k) nna k = 0, 1, 2, ... ) oTrpaxkaer
NoKa3aTeabHOe YObIBaHUE KOPPEISIHIA ¢ BO3pAaCTaHUEM MHTEpBajia MEXIy HAOIOACHUAMU; TIPU —
1 <a <0 xoppenorpamMmma UMEET XapaKTep 3aTyXarolleld KOCUHYCOHIBI.




CpaBHHMM TOBEICHHE KOppenorpamm ctaimonapHoro mnporecca AR(1) nmpu a = £0.8 :
1.0

0.8

0.6

0.4

0.2

0.0

Koppenorpamma nponiecca AR(p) ipu p > 1 umeer 6osee cloxHy0 GopMy, 3aBUCSIIYIO OT
pacroyiokeHust (Ha KOMIUIEKCHOM IIIOCKOCTH) KOpHeH ypaBHeHus a(z) = 0. OgHako 11 601bIImnX
3Ha4YeHU k aBTOKOppesiuus p(k) XOpOIIo anmpOKCUMUPYETCS 3HAYCHUEM A0 tie 0 = 1/zmn 1
Zmin — HAaUMEHBIIMHA MO aOCOJIOTHOM BEIMYMHE KOpeHb ypaBHeHHUS a(z) = 0, eciid 3TOT KOpEHb
SIBIISICTCS BEIIECTBEHHBIM M TIOTIOXKHTEIIBHBIM, WIH 3aK/TI0YeHa B nHTepBane =4 0 B mporusHOM
ciryyae. 31ech A > 0 — HeKoTOpast HOCTOSIHHAS, onpeneseMas KodQGULUEHTaMU aj , ... , dy.

Ecin ymHoxuth Ha X, (kK >0) 00e yactu cooTHOLIEHHUs, onpeaenstolero npouecc AR(p), u
MOCIIE 3TOTO B3ATh OT 00EHUX YacTell MaTeMAaTUYECKOE 0XKHJIaHUE, TO TOJTYYUM COOTHOIICHHE

y(hy=aiy(k=1) +a y(k—2) +...+ta, y(k—p), k>0.

PaznenuB o0e wactu nocneanero Ha ¥ (0), mpuxoaum k cucreme ypaBHenui FOma—Yokepa

pk)= ap(k—1) +a, p(k=2) + ... +a, p(k—p), k>0.

Orta cucTeMa IMO3BOJSIET TIOCIEAOBAaTEIbHO HAXOJUTh 3HAUCHHS aBTOKOPPEISIUA ¥ JaeT
BO3MOKHOCTb, UCIIOJIb3Ysl TIEPBbIE p ypPaBHEHHM, BbIPa3UTh KOI(D(MULMEHTHl ¢; Yepe3 3HAuCHUs
NEePBBIX p aBTOKOPPENALNH, YTO MOXKHO HEMOCPEICTBEHHO HCIOIB30BATh MPHU MOI00PE MOJIEIH
ABTOPETrPECCUH K peajbHbIM CTATUCTUYECKUM JaHHBIM (cM.pa3zaenst 3.1 u 3.2).

[Tpumep. PaccmoTpum mporecc aBToperpeccun AR(2)
X, =4375+ 025X, 1—0.125X, , + .
VYpaBHenue a(z) =0 npuHUMAET B 3TOM CIy4yae BU]
1-0.25z+0.1252°=0, wi z°—2z+ 8 =0,
U UMEET KOPHU z 2= 1+ 1 \7 . O6a KOPHS TI0 a0COJIFOTHOW BEJTUYMHE OOJIBIIE €AMHUIIBI, TAK YTO
MpOLIECC CTallMOHAPHBIN. MaTteMaThuueckoe 0OXKUAaHUE 3TOTO Mpolecca paBHO
u=0/(1-—a;—ay)=4.375/(1-0.25+ 0.125) =5,
TaK 4YTO TPAEKTOPHUHU ITOTO Mpoiiecca GIyKTyUpyrT BOKPYT YPOBHS 5.
st mocTpoeHust KoppesiorpaMMbl BOCTioyib3yemcst ypaBHeHusimu FOmna — Yokepa . Y Hac p = 2,
TaK 4TO
p(k)= 0.25p(k—1)—0.125 p(k—2), k> 0.



[To onpenenenuto, p(0)=1. dna p(1) umeem

p(1)=0.25p(0) - 0.125 p(-1) = 0.25- 0.125 p(1),
OTK}’IIa HaAXOoauM:

p(1)=0.25/(1+0.125)=2/9=0.222.
Jlayiee mocieioBaTeIbHO HAXOIMM:

p(2)=0.25p(1) - 0.125 p(0) =0.25* 0.222 — 0.125 =— 0.069,

p(3) =—0.045, p(4)=-0.003, p(5)=0.005 uT.A.
Koppensiun gake Mexay COCEIHHMHU HAONIOJACHUSAMU OYEHb Mallbl, 1 MOXKHO OXHUAATh, UYTO
IIOBCACHHC TpaeKTOpI/Iﬁ TaKoOTr o psma HC O4YCHb CYHIGCTBGHHO OT/IMYacTCsd OT IIOBCACHUA
peanu3anuii mpoiecca Oenoro mryma. TeopeTuueckas Koppelorpamma paccMaTpHUBaeMoro

nmponecca u CMOACIIMPOBaAHHAA p€ain3alusd 3TOTO IMpouccca NpuBEACHLI HUXKC.
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2.4. lNMpouyecc ckonb3siue20 cpedHez20

Eme onHoil mpocToif MOIENBI0 TMOPOXKACHHUS BPEMEHHOTO pAla SIBISETCA IPOIECC
cKob3aue2o cpeonezo nopaoka ¢ (MA(q)). CoracHo 3Toit MoJienu,
Xi=&+bie1tbreast...+bjey, by#0,
rae & — mpoiiecc 0emoro uryma.
Takoil mpoliecc UMeeT HyJeBOe MaTeMaTHYecKoe OKuaaHue. Mojelnb MOXHO 000OIIUTH 10
mpolecca, UMEIOIIEro HeHyJIEBOe MaTeMaTHIEeCKOe OKUaHHUE A/ , TIoJlaras
Xi—p=¢&tbiethert. .. .thyey,
T.C.
Xi=put+tet+tbieitbreort...+biey.
Jlst mporiecca CKOJB3SIIETro CPETHETo MOPsIKa ¢ UCIONIb3yeTcsi o0o3HaueHne MA(qg) (ckomb3siee
cpenHee — moving average).
I[Ipu ¢=0 u x=0 nomyuyaem mnpouecc Oenoro myma. Ecmu g =1, o
Xi—pu=¢e +bey
— CKOJIb3s11Iee CpeIHee MepBOro nopsijika . B mocneanem ciydae




DX)=(+b)a’ , E[(X — )(Xii — 1] = b0, E [(Xe — 1)Kk — 1] = 0, k> 1,
TaK 4TO npouecc )Q SABJIACTCA CTALIMOHAPHBIM C
E(X)=0,D(X)=(1+b)q,

(1+5%)o?, k=0,
y®)={bco?, k=1,
0, k>1.

ABTOKOpPEIISILIMU 3TOTO MPOLIECCA PABHbI

1, k=0,
p(k) = 16/(1+b%), k=1,
0, k>1,

T.e. KOppelorpaMma Impolecca uMeeT BecbMa creuupuyeckuit Bua. KoppemupoBaHHBIMU
OKa3bIBAIOTCS TOJBKO coceHre HaOmoneHus. Koppesiust MeX Iy HUMH TTOJIOKHUTENbHA, eclid b >
0, u orpunatensHa pu b < 0. CoorBercTBeHHO, poriecc MA(1) ¢ b > 0 umeet Oornee rnaaKue, Mo
CpaBHCHHIO ¢ OebIM IIyMoM, peanm3anuu, a mporecc MA(1) ¢ b < 0 mmeer MeHee TIaaKue, 10
CPaBHEHHMIO C OENIBIM IIIyMOM, peanu3aluu. 3aMeTuM, 4yTo Jist Troboro mpoiecca MA(1)
p(l) <05,
T.€. KOPPENALUOHHAs CBS3b MEXIY COCEAHHUMH HAOIIOACHUSIMH HEBENMKa, TOTJa KaK y mpoiiecca
AR(1) Takast cBA3b MOKET OBITH CKOJIb YTOAHO CHIIBHOH (ITPH 3HAYCHUAX d , OMU3KHX K 1).
Monens MA(q) KpaTKo MOKHO 3amKcaTh B BUJE

Xi—pu=0b(L)e,
rae
b(Ly=1+bL+...+b,L7.
s aee

q—k

D.bbylor, 0<k<q,
y(R)=E[(X: — )X — )] = U 7

0, k>q,
Tak 9410 MA(Q) SIBJISI€TCS CTAIlMOHAPHBIM TPOIIECCOM C HYJICBBIM MAaTEMATHUECKUM OXXKHIaHHEM,
JIUCTIEPCUEN
o =(1+b°+ ... +b))c’

Y aBTOKOPPEIISIHIMU



q-k q
S| /[35] k=0,
Pk =\ j=0 j=0

0, k=q+1,q9+2,...
3I[CCI> CTaTUCTHUYCCKAA CBA3b MCKIY HaGHIOIIeHI/ISIMI/I COXPAHACTCA B TCYHCHUC ¢ CAWHUIl BPCMCHHU
(T.€. “ITMTENTLHOCTH TAaMATH TIpOIlecca paBHA q).

[lomoOHOrOo pojga BpeMEHHBIE pAObl  COOTBETCTBYIOT CHTyallMd, KOTJa HEKOTOPBIH
SKOHOMHUYECKUH T[OKa3aTellb HAaXOAWUTCS B PABHOBECHHM, HO OTKJIOHSETCS OT MOJIOXKEHUS
paBHOBECHUA B CHJIIy HNOCICAOBATCIBHO BO3HHUKAIOMIUX HCHIPCIACKA3yCMbIX COGLITHﬁ, mpuicMm
CHCTEMa TaKOBa, YTO BIIMSHUE TaKUX COOBITHI OTMeuYaeTcsl Ha MPOTSHXKEHUH HEKOTOPOTo Mepruoja
BPEMEHH.

Ecnu BnusHuEe npouuiblx cCOOBITUN Ocia0eBaeT ¢ TeYEHHEM BPEMEHHU MOKa3aTelbHbIM 00pa3oM,
TaK 4ro b; = a’, 0<a<1,To HUCKYCCTBEHHOE NPEANOIONKEHHE O TOM, YTO PAL & HAYUHACTCS B
“OECKOHEYHOM MPOIIIOM ™, TPUBOJIUT K MOJIETH OECKOHEYHOTO CKOJIB3SIIETo cpeHero MA (o)

0 0 0
X = Za’ &-j = ijg,_j, rne Z‘bj‘<oo.
j=0 j=0

Jj=0

Panee MBI Buaenu, 4YTO TaKoe K€ TMPEICTABICHHWE JOMYCKAaeT CTAIlMOHAPHBIN MPOIeCcC
aBToperpeccuu nepsoro nopsaka AR(1)

Xi=aXate, a<l,
T.€. B paccMaTpuBaeMoM ciydae nporecc MA (o) skBuBasieHTeH npoieccy AR(1).

Boob6e, Besikuii cranmonapHsiii nporecc AR(p) MoxHo 3anucath B popme mporecca MA(0):

X,=u+ g =u+>yb.eg_,=u+bl)e,
zﬂa(L)tﬂjZ_;]thﬂ (L) &
rae
o0 i 1 o0
b(L)= bL'=—— nu bl<w.
/ZO J a(L) j—O‘ j‘
[Ipumepsl.

a) Paccmorpum mpouecc MA(1)c b=0.8 u E(X;)) =6, T.c.
X;=6+¢g +08¢.

Jlnst mero p(1) = 0.8/(1+ 0.8%) = 0.488.
b) s nporiecca MA(1) ¢ b=-0.8 u E(X;) = 6 umeeM
p(1)=—0.8/(1+0.8%) = — 0.488.

Koppenorpammsl 3Tux AByX IpOLIECCOB UMEIOT BUJ]
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b=08 b=-08

c) Hus MA(2) npoutecca X; =5 +¢&,—0.75¢,.1+ 0.125 ¢, umeem:
p(1) = (boby + biby)/(be* + b1 + by)
= (= 0.75-0.75:0.125)/(1 + 0.75* + 0.125%) = — 0.535,
p(2)=0.125/1.578 = 0.079.
Hwxe npuBoasTcs koppenorpaMMa U CMOAEIMPOBAHHAS pealnu3alus dTOTro Iporecca.
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2.5. CMewaHHbIl npouyecc asémopezpeccuu — CKOJIb3s1uje20 cpedHez20
(npouecc asmopeepeccuu c ocmamkKkamu e eude CKOJib3AWeco
cpedHez20)

IIponecc X; ¢ HyJNeBBIM MAaTeMaTUYECKUM OKMIAHHUEM, IPUHAJUICKALIUNA TAKOMY KIIACCy
MPOIIECCOB, XapaKTepu3yeTcs nopsakaMu p U g ero AR m MA cocraBisitonux u 0003HadaeTcs
kak npouecc ARMA(p, q) (autoregressive moving average, mixed autoregressive moving

average). bonee TOuHO, mpouecc JX; € HyJIE€BBIM MaTeMaTHYECKUM OXXUIAHUEM IPHHAIJICKUT
kinaccy ARMA(p, q), ecnu

D q
)(tzzaj)(t—j—’_ ijgt—ja ap;éo,bqioa
i=1 7=0

rae & — mporecc oemoro mymMa u by = 1. B onmeparopro#t popme mocneaHee COOTHONICHHE HMEET
BU]I

all) X; =b() &,
rae a(L)u b(L) UMeroT TOT K€ BU, UTO U B ONpeAeNeHHbIX paHee Moaesix AR(p) u MA(q). Eciu

MPOIECC UMEET MOCTOSTHHOE MAaTeMAaTHYeCKOe OXKUAAHWE /L , TO OH SBIISCTCS IMPOILIECCOM THIIA
ARMA(p, q), ecnu

P q
Xi—u= Zaj Xij—p) + ijgt*j'
Jj=1 j=0

OtMerumMm cnenyromniue cBoiicTBa mpouecca ARMA(p, g) ¢ E(X) = u .
e [lpomecc cranuMoHapeH, eciH Bce KOpHM ypaBHeHHUs a(z) = 0 JexaT BHE €JUHHUYHOTO
kpyra z <1.
e Eciu nporiecc cTaioHapeH, TO CyIIeCTBYET SKBUBAJICHTHBIN eMy mporiecc MA(x)

0 o0
Xi—p=c e, =1, Z‘Cj‘<00,
j=0 j=0
WIN
‘th —H= C(L) &,
rne
= b
A z
c(z)= ZCJZJ = ( ).
j=0 a(z)
e Ecmu Bce kopHM ypaBHeHUs1 b(z) = 0 mexaT BHE eqMHUYHOTO Kpyra z < 1 (ycrnosue
o6pamumocmu), TO CylIECTBYET 3KBHBAJIICHTHOE MPEICTaBlICHHE mporiecca X; B BHIE

npolecca aBToperpeccuu 6eckoHeuHoro nopsiaka AR(oo)
Xo—p=2d; (Xij— )+,
j=1

U1




diL)(X: —p) = &,
rIe

©
dz)=1-Yd 2 =42
o b(2)

Otcrona BbITEKaeT, 4YTO cranuoHapHbeli mpouecc ARMA(p, ¢) Bcernma MOXHO
annpoOKCUMHUPOBATH MPOLECCOM CKOJIB3SIIIETO CPEIHEro JOCTAaTOYHO BBICOKOTO MOpsiiKa, a Ipu
BBIMIOJTHEHUH YCJIOBUS OOpPaTMMOCTH €ro MOXHO TaKXe ammpoKCUMHPOBATh MPOIECCOM
ABTOPErPECCUU I0CTATOYHO BBICOKOI'O MOPS/IKA.

Cremuduxy ¢opmbsl koppenorpamMmel npouecca ARMA(p, g) B obmem ciydae ykasaTh
TpyaHee, yeM i mozaeneil AR(p) m MA(g). OtmeTuMm TOJBKO, YTO JUIsl 3HAYeHUM Kk > ¢
Koppenorpamma mpouecca a(L) X; = b(L) & BBITIAOUT TaK ke, KaK U Koppelorpamma mpoiiecca
aBToperpeccuun a(L) X; = &;. Tak, ansa npouecca ARMA(1, 1)

plky=a plk-1) nna k=2,3, ...,

Kak u y npornecca X; = a; X, + & . llpu atom, onnako, p(1) #a; .

[Tpenmocbuikoil amsi 000CHOBaHMS HCMONb30BaHUS Mojneneit ARMA sBnsieTcss ciexyromnuii
dakt. Ecmu ARMA(p1, ¢1) pan X; u ARMA(p2, ¢2) pan Y, cTaTUCTHYECKH HE3aBHCHUMBI MEXIY
coboil, ' Z; = X; + Y, , To THNNYHBIM SIBIISIETCS TMOJIOKEHUE, koraa Z, sBusercs ARMA(p, q)
PAIOM, Y KOTOPOTO

p=pitp2,

g=p1tq, ecnu pitqg:>p>+qi,

q=p2tq1, €M pytq1>p1tqs.

Bo3MOXHBI Takke CUTYallUy, KOT/Ia 3HAYE€HUSI p U ¢ OKAa3bIBAIOTCSl MEHBIIIE YKa3aHHBIX 3HAYEHHH.
(Takue cutyanuy BO3HUKAIOT B CIIy4asiX, KOTJla MHOTOWIEHBl ax(z) U ay(z) , COOTBETCTBYIOIIUE
ABTOPETPECCUOHHBIM YaCTSIM MPOIECCOB X; U Y;, UMEIOT 00IIMe KOPHU.)

B uwactHOM cnyuae, xorga oba psina umerotr tun AR(1), HO ¢ pa3nTUYHBIMHM MapaMeTpaMu, HUX
cymma umeetr tTun ARMA(2, 1).

B sxoHOMHKE MHOTHE BpEeMEHHBIC PAbI SBISIOTCS arperupoBaHHBIMH. V3 yka3aHHOTO BBbIIIE
(akTa BBITEKA€T, YTO €CIM Kax/aas K3 KOMIIOHEHT OTBedaeT mHpocToid monenu AR, To mpu
HE3aBHCHUMOCTH 3THUX KOMIIOHEHT ux cymma O0yaer ARMA mponeccom. Takoro ke pona mporecc
MBI MOJYYUM, €CJIM YacTh KOMIOHEHT uMeeT Tull AR, a ocTaibHble KOMIIOHEHTHI UMEIOT THIT MA.
ENMHCTBEHHBIM MCKJIIOYEHHEM SIBISETCA CIOy4yal, KOTJa BCE€ KOMIIOHEHTHI SBISOTCI MA
MPOLECCaMH — B 3TOM CiIydae B pe3yJsbTaTe nmoiaydyaem MA npouecc.

[Tpenmonoxum, HaKOHEIl, YTO “UCTHHHBIN ~ SKOHOMHYECKUN psii oTBeuaeT AR(p) momenu, HO
3HAUEHUS 3TOTO psAJla U3MEPSIIOTCS CO CIy4alHbIMHM OHIMOKamH, 00pa3yroIMMH Ipolecc 0eaoro
uryMma (1.e. MA(0)). Torna nabmromaemsiii psa umeet tun ARMA(p, p).

3ameuanue



Panee Mb1 yxe roBopmin o ToM, uto eciu ARMA(p, ¢) nporiecc X; YIOBJIETBOPSIET YCIOBUIO
00paTHUMOCTH, TO €ro MOXKHO MPEJICTaBUTh B BUJIE CTalloHapHoro npouecca AR(o0). [locnennuit, B
CBOIO Ou€pe/lb, MOKHO aNMpOKCUMHUPOBATh CTallMOHApHbIM mponeccoM AR(p), ObITh MOXeET,
JIOCTATOYHO BBICOKOTO MOPSIJIKA.

Takum o00pazoMm, B MPAKTUYECKHX 3aJadyax MOXHO ObUIO Obl M BOBce 0OOWTHCH 03
ucnons3oBanusi monener ARMA, orpanmuuBasce nu6o AR nmubo MA mogpensmu. Ilpu stom,
OJIHAKO, KOJMYECTBO KOI(PPHUIIMCHTOB, MOJICKAININX OINCHUBAHUIO, MOXET OKa3aThCs CIHIIKOM
0OJBIIUM (YTO CHHMKAET TOYHOCTH OLIGHWBAHWSA) U JIaXKe MPEBOCXOIUTH KOIMUYECTBO MMEIOIIMXCS
HaOmoaeHuil. B atom cmbicie monenu ARMA moryT ObITh “Donee Ikonomubvimu” .

2.6. Modenu ARMA, yyumbigaroujue Hasiudue ce3oHHocmu

Ecnu HaGnronaeMblil BpeMEHHOM psii 0071aaeT BBIPAXKEHHOM CE30HHOCTHIO, TO Mozieib ARMA,
COOTBETCTBYIOIIAs d3TOMY psAy, [JOJDKHA COJIEpKaTh COCTAaBJSIONIME, OOECIeYHBaIONINE
MPOSIBIICHUE CE30HHOCTH B MOPOKIaEMOI 3TOM MOAEINBIO MOCIIEI0BATETLHOCTH HAOMIOICHUH.

Jnst KBapTaJlbHBIX JAaHHBIX YMCTO CE30HHBIMU SIBISIOTCS CTAI[MOHAPHBIE MOJCIH CEe30HHOU
asmopezpeccuu nepeozo nopsaoka (SAR(1))

Xi=as Xoa t&, as <l
U CE30HH020 CKOIb3AULe20 CPeonezo nepeozo nopaoka (SMA(1))

Xi=et+bigis.

B nepBoii Mogenu
p(k)=as”* s k=4m, m=0,1,2, ...,
p(k) =0 nns ocranbHbIX k> 0.

Bo BTOpO# MOEIHN

p(0)=1, p(4)=bs, p(k)=0 nnst octanbHbIX k> 0.

Huxe npuBenens! cMonenrpoBanHble peanuzaunu Mmoaenu SAR(1) ¢ a4 =0.8 u monenn SMA(]) ¢
b4 =0.8.

6 6
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KomOuHanuy Hece30HHbIX U Ce30HHBIX U3MEHEHHH peannu3yroTcs, HanpuMep, B MOACIIAX



ARMA((1, 4), 1)
Xi=a1 Xy tas Xea + &+ by ey
n ARMA(1, (1,4))
Xi=a1 Xy te+bretbyers .

Crnenyromue aBa rpaduka MOKa3bIBalOT MOBEICHUE CMOCIUPOBAHHBIX pealU3alliil TAaKHUX PSI0B
npu a; = 2/3, as=-1/48, by =1/5 y nepBoro psga u npu a; = 0.4, by =0.3, b4 = 0.8 y BTOpOTO

psna.
4 4
2 2]
0 0l
2] 2]
4 S — S —

"o 20 30 4o 50 6 70 80 80 100 10 20 30 40 50 60 70 80 90 100
—— ARMA((1, 4), 1) —— ARMA(1, (1,4))

3MeTHM, 4YTO JUIS [IEpBO MOZEIHN ypaBHeHne a(z) = 0 mpuHmMaer Buy 1—2/3z + 1/48 z* =0, .e.
2 —32z+48 = 0; KOpHU ATOTO ypaBHEHUS z; =2, zp =2, z3=—2+ i\/8, z4=—-2—iV8 nexar BHe
€AMHUYHOTO KpyTa, 4TO 00ECIeYynBaeT CTallMOHAPHOCTh paccMaTpuBaeMoro mnpoiecca. Bo Bropoit
mozenu a(z) =0 npunumaer Bux 1 — 0.4 z = 0; KopeHb 3TOro ypaBHeHus: z = 2.5 > 1, Tak uro u
3Ta MOJIEJIb CTallIOHAPHA.

Kpome paccMOTpeHHBIX MPUMEPOB AIJAUTUBHBIX CE30HHBIX MOJENEH, YIIOTPEOISIOTCS TakKe U
MYJIbTUIUIMKATUBHbBIE COEIMPUKAIIIHN, HAIPUMED,

(1= a1L)X, = (1+ biL)(1+ baLY) &,

(1-a;L)(1- asLY) X, = (1+ b1L) & .
IlepBas naer

Xi=a1 Xy te+brecitbaers +bibsess,
a BTOpas

Xi=ar Xeg tas Xew —avas Xos te+ brey .
B nepBoit Mogenu nomyckaercs B3aMMOACUCTBUE COCTABIISIFOIIMX CKOJIB3AIIET0 CPEHEro Ha jarax
1 u 4 (r.e. 3HaUeHUM & U &-4), a BO BTOPOM — B3aUMOJCIHCTBHE aBTOPETPECCHOHHBIX
cocTapmsifoux Ha narax 1 u 4 (t.e. 3HaueHuit X, ; u X, 4 ). Koneuno, 3t ABe Mojenu sSBIASIOTCS
YACTHBIMU CITyYassMH aJIATUBHBIX MOJICIICH

Xi=a1 Xy te+bretbsers +bsers,

Xi=a1 Xeg tas Xea Has Xy s + e+ by e
¢ bs = bibs, as = — ajas . llpu npuOAMKEHHOM BBITIOJHEHUH TOCJIEIHUX COOTHOLICHHH (1O
KpaiiHeil Mepe, €ciiu TUIIOTE3bl O HAJUYMMU TAKUX COOTHOLIEHMH HE OTBEPraroTCs), ECTECTBEHHO




NEPEUTH OT OLIEHWBAHUS aIIUTUBHON MOJENHU K OLIEHUBAHUIO MYJIbTUILUIMKATUBHON MOJIEH, OISAThH
cienyss mpunyuny ‘“aokonomuocmu’” mopenu (“parsimony model”). BrnpoueM, kakux-mudo
TEOPETUYECKUX OCHOBAaHUH, BEAYIIMX K MPEANOYTCHUIO OJHOW (POPMBI CE30HHOCTH TIepeN APYTon
(MyJIBTUIUTMKQTUBHON MJIU aINTUBHOMN), HE CYIIECTBYET.

bonee noapoOHO ¢ ce3oHHbIMM ARMA MozensiMi MOYKHO O3HaKOMUTBCS, HAIpUMEp, B KHUTE
[Enders (1995)].



masa 3. Non6op craumoHapHon moaenun ARMA aonsa psga
HaGnoaeHnn

Eciu MBI mpeamonaraeM, 4To HEKOTOpPHIM HAaOMIOJaeMblii BPEMEHHOW psIiA  Xj, X2, ..., X7
nopoxaaetcs: Mmozienbio ARMA, To pu 5ToM BO3HUKAET mpobdiieMa moadopa KOHKPETHOM MOEIH
U3 3TOT0 KJIacca, PelieHre KOTOPOil MpeaycMaTpyuBaeT Tpy dTana:

l. uoenmugpuxayus monenu;
2. ouenusanue MOJICIIN,
3. Oouaznocmuka MOIEIH.

Ha sramne paeHTHHUKAIMY TPOU3BOAUTCS BEIOOP HEKOTOPOM YaCTHOM MOAENTN M3 BCETO Kiacca
ARMA, T.€. BbIOOp 3HaUeHMI p W ¢. Mcnonb3yembie Mpu 3TOM MPOILEAYPHI SBIISIOTCS HE BITOJTHE
TOYHBIMH, YTO MOXET MPHU TMOCIEAYIOIIEM aHallu3e MPUBECTH K BHIBOJY O HEMPHUTOJHOCTH
UACHTU()UIIMPOBAHHON MOJENU U HEOOXOIMMOCTH 3aMEHBI €€ anbTepHaTUBHON Mozenblo. Ha aTom
AKe ITale JearoTCs MpeiBapuTeIbHble IpyOble OLIEHKH KOAPPUIUEHTOB ay, aa, ..., dp, b1, ba, ..., by
UACHTU(DUIIMPOBAHHON MOJIEIH.

Ha BrOopoM »dTame mnpou3BOAWUTCS YTOYHEHHE OICHOK KOI(PPHUIMEHTOB MOAETH C
UCIONIb30BaHuEeM A((PEKTUBHBIX CTATUCTUYECKHX METOAOB. Jljis OIeHEHHBIX KOA(h(HUIIMEHTOB
BBIUUCIISIOTCS  NPUONMKCHHBIE — CTaHAApTHBIE  OMMOKM,  JAIONIMe  BO3MOXKHOCTH, TpHU
JIOTIOTHUTENBHBIX MPEANOJIOKEHUIX O PACIPEICICHUAX CIy4yalHbIX BeNMUYUH X, Xo, ... , CTPOUTH
JIOBEPUTENbHBIE MHTEPBAIBI ISl STUX KOI(POUIIMEHTOB U MPOBEPATh TUIOTE3bI 00 MX UCTHHHBIX
3HAYEHUSX C 1[EJIbI0 YTOUYHEHUS CrielU(PUKAIIIN MOJEIIH.

Ha Tperbem oTame NPUMEHSIOTCS pa3dYHbIE JTUATHOCTHYECKHE TMPOLEAYPhl MIPOBEPKHU
aJICKBaTHOCTH BHIOPAaHHOM MOJIETTN UMEIOIIUMCS TaHHBIM (misspecification tests). HeanekBaTHOCTH,
oOHapy>XEHHBIE B IMPOIIECCE TAaKOH MPOBEPKH, MOTYT yKa3aTh HA HEOOXOIUMYI) KOPPEKTHUPOBKY
MOJIETIN, TIOCe Yero MPOU3BOAMUTCS HOBBIM LUK moadopa, U T.J. A0 TeX MOp, Moka He Oyxaer
MOJTy4eHa YIOBJICTBOPUTEIbHAS MOJIEIb.

Pazymeercs, ecnu Mbl HMeeM Jel0 C CHUTyalllei, Korja Yy»e HMeeTcs JOCTaTOYHO
oTpaboTaHHas U Pa3yMHO HHTEpIIpPETHpPyeMas MOJETh SBOJIIOIHMHA TOTO WJIM MHOTO TOKa3aTells,
MO>XHO OOOUTHCH U 0€3 dTarna uaeHTU(OUKAIUH.

Ecnmu psin mopoxknaercs monensio ARMA(p, ¢), To Mbl OyJaeM B JalibHEHIIEM JJIsi KPaTKOCTH
o0o3HayaTh 310 Kak X; ~ ARMA(p, q). COOTBETCTBEHHO, €CIIU P MOPOXKIAETC MOsIenbio AR(p),
T0 X;~ AR(p), u ecnu psig moposkaaercss Moaesbio MA(g), To X; ~ MA(q).



3.1. U0eHmuchukayusi cmayuoHapHolu modesnnu ARMA

OCHOBHOI OTIpaBHOW TOYKOH il WACHTHU(PHUKAIMK cTanroHapHoi moxenn ARMA sBisercs
pasnuuue noseneHus asmoxoppenayuonnvlx (ACF) v uacmnvix asmokoppenayuonunvix (PACF)
byukumit (ACF — autocorrelation function, PACF — partial autocorrelation function) psnos,
COOTBETCTBYIOIIMX pa3iInyHbIM MozensiMm ARMA.

O mnoBefeHUM AaBTOKOPPESALMOHHBIX (PYHKUMHA 17 pa3nuuHbelx Mozaeneili ARMA wbl yxe
ropopund. OgHaKO MO TMOBEACHHUIO TOIBKO  aBTOKOPPEISIHOHHOW  (YHKIUU  TPYIHO
UACHTU(DUIIUPOBATH JaKe MOPSIOK unucToro (6e3 MA cocTaBisrolnield) mpoiecca aBTOPETPECCHH.
Pemiennto 3Toro Bompoca momMoraer pacCMOTPEHHUE MOBEIACHUSl YACHHOU A8MOKOPPENAUUOHHOU
@ynxyuu (PACF) cranmonapnoro npouecca X; . Ee 3HaueHue pp.«(k) Ha nare k ompenensercs
Kak 3HaueHue kod(dduieHTa KOppeisiuu MEXAy ciaydallHbIMU BenuuuHamu X, u Xy ,

OUYHWIICHHBIMU OT BIIVSIHUSI CITyYaWHBIX BETHIUH Xyt , ..., Xj+ho1 -
OTO COOTBETCTBYET TOMY, UTO ppa(k) siBIseTCA KO3(hduULMEHTOM npu X, ; B JIHMHEHHOU
KOMOWHAIUA CIyYalHbIX BeMMYMH X, ..., X,p , HaWwiIydmuMm oOpa3oM MpuOIMKaomen

ciydvaiiHyro BenuuuHy JX; . Mcxoas u3 moclieqHero, MOXHO MOKa3ath (cM., Hampumep, [Hamilton
(1994)]), ut0  ppardk) ompenensercs Kak peUICHUE OTHOCHTEIBHO @ CHCTEMBI IIEPBBIX k
ypaBHeHnui IOna — Yokepa

ps)= aip(s—1) +a, p(s-2) +...+tarp(s—k), s=1,2,....k,
KOTOPYIO B 3TOM cliyuae yao0Hee 3anucaTh B BUIE

pis—1)a; +p(s—2)ar+...+p(s—k)ar =p(s),s=1,2,...,k,
MOJYEPKHBAsi, YTO HEU3BECTHBIMU 37€Ch SBISIOTCA a , d2 , ..., Ak , a p(l-k), ..., p(k—1) —
u3BecTHbIC Kod(dummeHTel. McXoas W3 3TOTO W NPHUMEHSS HW3BECTHOE U3 alreOphl IMPaBUIIO
Kpamepa pemieHust cuctembl k JUHEHHBIX ypaBHEHHMH C k  HEM3BECTHBIMU, HAaXOIUM, YTO
BerancicHne PACF MoKHO pou3BOIUTE IO (hopMyam

Prar0) =1,

Ppar(1) = p(1),

L p()
p) pQ2)_ p(2)-p’1)
‘ 1 p(l)‘ 1-p*(1)
p() 1
Lo pM /| 1 p) p2)
P =p) 1 p@) [|p) 1 pO)|,
p2) p) pB)/ |p2) pd) 1

Ppar(2) =

b



1 p) P2 ... p()
p() 1 P ... pQ)
P(2) p) 1 e PQ)

pradK) = |pk=1) p(k=2) p(k=3) ... p(k)

1 p1) p2) ... pk=1)
p) 1 p) ... plk=2)
p(2) p1) 1 oo p(k=3)

plk=1) pk-2) p(k=3) ... 1

31ech OmpeleNuTenb B YUCIUTENE BBIPAKEHHS Ul Ppa(k) OTIMYAETCAs OT ONpEAeNuTens B
3HaMEHATeJIe 3TOTO BBIPAKECHUS TOJBKO 3aMEHOM MOCIETHET0 CTOJIONA CTONOIOM, COCTOSIINM U3
3nauenuit p(1), p(2), ..., p(k).

3aMevaTeNbHBIM SIBISIETCS TOT aKT, 4To eciau X; — mponecc thma AR(p), To Toraa

ppart(p) ;é 0 )

Prardk) =0 s k> p.

Oto mo3Bounser no rpadpuky PACF onpenenars mopsiiok mporiecca aBTOPETPecCHd M OTIMYATh
MPOIIECC aBTOPErPECCUM OT MPOLIECCOB CKOMB3sIIero cpeanero u ARMA(p, g) ¢ g > 0.

Hamomuuwm, uto 3anynenue ACF mocne nara ¢ coorBerctByeT mpoieccy MA(q). Teneps xe
Mbl BujmuM, uto 3anyineHue PACF mocne mara p coorBerctByer mporeccy AR(p). Ilostomy
uaentudukamus >tux moxaeneit mo ACF u PACF Oonee ompeneneHHa Mo CpaBHEHHIO C
uneatudukamueit moaeneit ARMA(p, g)c p#0, g #0.

B To ke Bpems, BMECTO HE M3BECTHBIX HAM MCTUHHBIX MOCJIEI0BATEILHOCTEN aBTOKOPPESIUil
p(k) W YacTHBIX aBTOKOPPETSAIUN PpardkK) MBI MOXEM JOBOJBCTBOBAaTbCA TOJBKO HX
COCTOATENbHBIMU  OLIEHKaMH —  ebltoopounou  ACF, o0pa3oBaHHOMH 6b100POUHBIMU
asmokKoppenayuamu

rIe



T
lz x, —ouenka st 1 = E(X),

l[l:_)_cz
=

T-k
)= 3o = oy — )~ oveenca uan ()
A

u evioopounoit PACF, 00pa30BaHHOH 6b100pPOYHbBIMU YACMHBIMU AGMOKOPPENAUUAMYU  Tpar(k) .
IMoay4nuTh MoOCIEIHIE MOKHO, 3aMEHSSI BXOISIIUE B BBIPAXKECHUS AL Ppqr(k) aBTOKOppESILUU p(S)
ux oneHkamu r(s). OIHAKO Mpolle MOCTYNUTh WHAYE, UCXOAS U3 TOTO, YTO ppa-(k) sBIAETCA
KodpuIMeHToM npu X, ; B JHHCHHON KOMOWHAIMU CIydalHBIX BenuyuH X, i, ..., Xp ,
HaWIydmuM oOpa3oM mpuOImKaronel ciydaiiHyro BenmuuuHy X, . VIMEHHO, MOXXHO TpPOCTO
OIICHUTh METOJIOM HaUMEHBIIINX KBaIPaTOB KOA(P(HHUIIMEHTHI B MOICTH

Xi=a X tax X+ . Far X+ uy
(B KOTOPO¥ COCTaBJISIONIAS U, MOTyYaeTcs KaK pasHOCTh

=X —(aXat+taXo+t ... tarXey),
TaK YTO Ha HEe HE HAKJIAJBIBAIOTCS KaKHe-TUOO MpenBapuTelbHbIe orpaHndeHus ). [lomydeHnHas B
pesyiabTaTe OLeHKa KOd(DOULHUEHTA a; U €CTh Fpur(k) .

Eciu X; sBasercs cranuoHapHsiM nporeccoM tuna ARMA(p,g) u E (X [4)< 00, TO YKa3aHHBIE

oueHku [, y(k),r(k) M rpudk) SABIAIOTCA COCTOATENBHBIMU OLEHKaMU anst u , y(k), p (k) m

Prari(k), coorBeTcTBeHHO. (CM. [Hamilton (1994), p.199].) Ilockonbky r(k) U 7pa-(k) Bcero nump
OLEeHKH U1 p(k) U ppar{k), TO X HaONMIOJAEMBIE 3HAYEHHS MOTYT 3HAYUTEIBHO OTIMYAThCA OT p(k)
U  ppadk). B wactHOCTH, ecnm npu HEKOTOpbIX k =ki M k =k, B Mozenu, nmopoxxuarouien
HaOmonenus, p(ki) =0 u ppadk) = 0, To, Kak npasuio, (ki) #0 U 7pudk2) # 0, 4TO BHOCHUT
JIOTIOTHUTEBHYIO HEOMPEICTICHHOCTh B 3a71auy uaeHTudukanuu. boiee Toro, xapakrep U3MeHEHHUS
TEOPETUYECKON aBTOKOPPEISIIMOHHON (DYHKIIMH BOBCE HE 00s3aTeIbHO OYAET BOCIIPOU3BOAMUTHCS B
ee BRIOOPOYHOM aHAJNIOTe — BEHIOOPOYHON aBTOKOPPENSALMOHHON (yHKITUH.

Tem He MeHee, BO MHOTHX ciyuasx noseaeHue teopernyeckux ACF u PACF B kakoii-To mepe
OTpakaeTcs M Ha MOBEACHUU MX BBIOOPOUYHBIX aHajoroB. [losTomy mpeacraBieHne O MOBEACHUU
teopetnuecknx ACF u PACF wmoxer momMous B peHICHHH 3aJa4d  WACHTH(DUKAIAH
COOTBETCTBYIOIIUX MoOJeNeld B paMkax oOmiero kimacca mozeneir ARMA. B 31oil cBsi3u Mbl
cymmupyeMm B cienytomeit tTadbnuue coiictBa ACF u PACF 11t HeKOTOpBIX MOMYJISIPHBIX MOJENen
CTaIlMOHAPHBIX BPEMEHHBIX PSJIOB.

Monpens ACF PACF

benbrit mym™m, | p(k) =0 nsi k#0 Ppardk) =0 nna k#0
MA(0)

AR(1), OKCNOHEHIIMAJIbHOE Prarll) = ay

a1>0 yobiBanue p(k) = alk Ppardk) =0, k>2
AR(1), Ocuummpyroiiee Prard1) = a;




a1 <0 y6biBanue p(k) = a;," Prardk) =0,k>2

AR(p) VObiBaHMEe K Hyd0 ¢ | 3aHyJeHue npu k>p
BO3MOKHOM OCHMJIISILIMEN

MA(1), [Ton0KUTENBHBIN NTUK Ocuumupyroiiee

b1>0 npu k=1, yOBIBaHHE;
3aHyJieHue npu k> 1 Ppard1) >0

MA(1), OTpunaTeabHbIA MUK YOriBaHuE 10

b1 <0 npu k = 1; a0COIIOTHOU BEJIMYMHE;
3aHyJieHue mpu k> 1 Ppardk) <0 mpu k> 1

MA(g) 3anynenue npu k>p

ARMAC(1, 1) | DkcnioHEHITHATHHOE Ocuumupyroiiee

a;>0 yObIBaHUE ¢ jara l; yObIBaHUe ¢ jara l;
3HaK p(l) coBmamaer co | ppard1) = p(1)
3HaKOM (a;+ by)

ARMAC(1, 1) | Ocuunnupyroiiee OKCHOHEHIIHAJILHOE

ar<0 yObIBaHWe ¢ jara l; yObIBaHMe c jara 1;
3HaK p(l) coBmamaer co | ppar(1) = p(1);
3HaKoM (a;+ by) 3HaK ppa(k) coBnamaer

co 3HakoM p(1), k> 1

ARMA(p, q) | Ocuunnupytoiee wim | Ocuwuupymomiee  WiH
npsimoe yObIBaHUeE, npsimoe yObIBaHHeE,
HAYMHAIOIEECs C Jlara ¢ | HayMHAIoIIeecs ¢ jiara p

SAR(1) 3aryxaHue Ha  Jjarax, | [lux Ha Jsare, KpaTHOM
KpPaTHBIX MEpUOJy | IEPHOAY CE30HHOCTH;
CE30HHOCTH;  3aHyJICHHE | 3aHYJICHHE Ha OCTaJbHBIX
Ha OCTAJIBHBIX JIarax Jarax

SMA(1) Iluk Ha nare, kpaTHOM | 3aTyxaHue Ha Jiarax,
NEepUOTy CE30HHOCTH; KpPaTHBIX TIEPHOY
3aHYJICHHE Ha OCTAJIbHBIX | CE30HHOCTH; 3aHyJECHHE

JJarax

Ha OCTAJIbHBIX Jiarax

Hmest B BUYy BO3MOXKHOCTh UaeHTU(uKamu moneneit AR(p) u MA(g) no rpadukam GyHKIMiA
r(k) n 1rpadk) , XenaTenbHO UMETh CTaTUCTUYECKUE KPUTEPUU ATl IPOBEPKU TUIIOTE3 O PABEHCTBE
HYJIIO TeX WM UHBIX 3HaYeHull p(k) U ppqak) Ha ocHOBaHMM HaOMIONaeMbIX 3HaueHui r(k) u
Ypard(k). BOIpoc 3TOT BecbMa CIOXKHBIA, M Mbl OIPAaHMYMMCSI TOJBKO ABYMs NPUOJIM>KEHHBIMU
perenTamMmu, KOTOpbIe MPEAIOJaraloT rayCCOBOCTh MHHOBAIIHH (T.€., YTO & — FAYCCOBCKHN OEJbIi

LIyM).

Ecmu X, — nponiecc Tuna MA(g), To mpu O0JbIIuX 7




1 q
D(r(/c))zF 142> p* ()| mma k>q,
j=1

TaK 4TO YeM JJIMHEe psij HaOJI0ICHHI, TeM HaJle)KHEe BBISBIIAIOTCS HyJeBble 3HaueHus p(k), k> q .
IIpu aTOM,

limr.., E(r(k)) = p(k) .
bonee toro, mpu Gonpmux 7 W k > g pacnpenencHue CIydaiHOW BenW4YUHBI r(k) OMU3KO K
HOpPMaJIbHOMY pactpenenenuto. OTcioa BHITEKAaeT, YTO €CTECTBEHHBIH MPUOIMKEHHBIA KpUTEpU
npoBepku runore3sl Hy : “X; — nmpouecc tuma MA(g)” COCTOMT B TOM, 4TOOBI OTBEpPratrh 3Ty
THIIOTE3Y, €CIIH

2
| r(k) | >—=
NT
st k> g . YpoBeHb 3HAUMMOCTH TaKOTO KpuTepus mpudamkeHHo paseH 0.05.
B uactHOCTH, eciu g = 0, T0o X; ~ MA(0) — Oenblii my™m, u runore3a Hy: “X; — Genbrit mrym”
OTBEpraeTcs yKazaHHbIM MPUOIUKEHHBIM KPUTEPUEM TPU

r(k)|>—=, k>0.
Ok
(2) Ecmn X, — npouecc tuna AR(p), To npu Oonbiux 77 u k> p
PACHPENENIEHUE Fpy( k) MOKHO allIPOKCUMUPOBATH HOPMAIIbHBIM PACHPEAEICHUEM
Foard ) = N (0, T (tak ur0 D(rperdk)) = T~ 1).
CrnenoBarensHo, ecnu runotesy Ho: X; ~ AR(p) oTBeprats npu

2
k)y|>—, k>p,
(k)| 7 k>

TO MOJYYUM KPUTEPHi, ypOBEHb 3HAUUMOCTH KOTOPOro npuliamxkeHHo paseH 0.05.

‘ r part

Wwmes B BUIy /1Ba yKa3aHHBIX MPUOIMKEHHBIX KPUTEpHUs, B MPOLEAYPax aHaINU3a BPEMEHHBIX
psAIOB OOBIYHO TIpemycMoTpeHa pacriedatka rpadukos Beioopounsix ACF u PACF, Ha xotopbie

HAHECEHBI IPAHUIIBI TTOJIOCHl +2/ VT . B smux IPaHMIIAX C BEPOATHOCTHIO, 61u3Koil K 0.95, momxHO
3aKirouaTbes 3HaueHue r(k), ecnu X, — Oenblil IIyM, U 3HAYEHUE Fpq-( k), ecmn X; ~ AR(p). 3nech
cleayeT cAeliaTb OAHO BaKHOE mpenyrnpexiaeHue. IMeHHO, 00a MOCTPOEHHBIX KPUTEPHUS UMEIOT
ypOBeHb 3HaYUMOCTH, 61u3kuil K 0.05, TONBKO KOr/ia Mbl MPOBEpsieM Tunote’y Hy mpu HEKOTOPOM
(uxcupoBaHHOM £ .

Yro, ogHako, OOBIYHO TPOUCXOAMT Ha mpakTtuke? PaccmoTpum 53T0 Ha mnpuMepe
CMOJICTTMPOBAHHOTO 0eoro myma, rpaduk KOTOPOTro yKe NMPUBOIWICS paHee. Bcero tam ObLIO
nonyueHo 7 = 499 “nabmogeHuii” xi, X2, ..., X499. B cremyromieii Tabnuie mpuBeACHbl 3HAUCHUS




BHIOOPOYHBIX ABTOKOPPEISIIMOHHON M YaCTHOH aBTOKOPPENSIUOHHOW (YHKIHMHA IS 3HAYCHHN
(“maroB”) k=1, 2, ..., 36.

ACF | PACF k | ACF | PACF k | ACF | PACF

-0.019 | -0.019 13 [ 0.102 | 0.126 25 | -0.053 | -0.031

-0.013 | -0.014 14 | -0.071 | -0.051 26 | -0.015 | -0.018

-0.083 | -0.083 15 | -0.044 [ -0.036 27 | -0.064 | -0.035

0.038 [ 0.035 16 | 0.017 | 0.034 28 | 0.032 | 0.042

-0.047 | -0.049 17 | -0.083 | -0.115 29 | -0.057 | -0.075

0.017 [ 0.009 18 | 0.035 | 0.028 30 [ -0.053 | -0.044

-0.024 | -0.019 19 | -0.049 | -0.085 31 [ 0.011 | -0.006

0.062 [ 0.053 20 [ 0.069 | 0.032 32 [ 0.034] 0.021

OIOINIO|N|R|WIN|[=|X

0.061 [ 0.069 21| 0.041 ] 0.022 33 [ 0.029 | 0.034

10 | 0.074 | 0.073 22 | -0.014 | -0.057 34 [ -0.042 | -0.057

11 [ 0.079 | 0.099 23 | -0.035 | -0.018 35| 0.013 | 0.064

12 | 0.021 | 0.034 24 | 0.034| 0.012 36 | 0.046 | 0.055

Paccmarpusast 3nauenmnst ACF, Ml 3aMedaem, 4To u3 momocsl + 2/NT = +0.0895 BeiGuBacTCs
3Hauenue 7(13) = 0.102. O3HauaeT Jau 3TO, UTO MBI JOJIKHBI OTBEPTHYTh runoresy Hy: X, — Oemnblii
myM? PaccmatpuBast 3HaueHuss PACF, mbl Takxke oOHapyXMBaeM 3HAUYEHHS, BBIXOASIIUE 32
IpeJienbl ATON MOJIO0CH], YTO MPUBOJUT K TOMY K€ BOTIPOCY.

[Tockonbky KonMuecTBO HaOMIOACHUN y Hac BecbMa BenuKO (7= 499), MOXKHO BOCIIOIb30BATHCS
yIBepkKAeHHEM 00 aCUMIOTOTHUYECKOH HE3aBUCUMOCTH 7pulk), k = 1,2, ... . Ilycts By — coObITHE,
COCTOSIILIEE B TOM, UTO Fpur(K) BBIXOIUT 32 MPEAEHBI OJIOCHI + 2NT. BeposiTHOCTB 3TOTrO COOBITHS
npubmmkeHHo paBHa 0.05. Torma BeposSTHOCTH BBIXOJA 3a MPEAENbl MOJI0Ch PpOBHO ABYX (U3 36)
Toard k), k=1, 2, ..., 36, IpUOIMIKEHHO paBHA

P> = Cs¢” (0.05)*(1- 0.05)* 2 = (36:35/2) -0.05%:0.95™*,

u

1g(P>) = 1g(630) + 21g(0.05) + 341g(0.95) =— 0.560.

Otcrona Haxomum: P, = 0.275, Tak 4TO BEPOATHOCTH [BYX BBIXOJOB M3 IMOJOCHI Tpaduka
BbIOOpouHOit PACF npu paccmoTpenuu 36 j1aroB BoBce He Maja.

Urto KacaeTcsi BEpOATHOCTH €AMHCTBEHHOTO BBIX0/1a U3 MOJIOCkl BEIOOpouHOU ACF, To 316Ch MBI
MO3KEM BOCTIOJIb30BaThCS YTBEPKIECHUEM 00 acUMIITOTUYECKOM He3aBucumoctu r(k), k =1, 2, ...
IpH yCJIOBUH, 4TO X, — Oenbiii mym (B cimydae MA(q) mpomecca ¢ g > 1 ato He Tak). [Ipu aTom
BEPOATHOCTh HAJM4Ws EAMHCTBEHHOTO BbIxoJa BbIOOpouHOl ACF u3 Bce TOH ke MOJIOCHI
npuOIMHKEHHO paBHA

P = Cs' (0.05)(1- 0.05)* ,
tak 9to 1g(P;) =— 0.780, orkyna Haxomaum: P; = 0.166.

PaccMoTpenHBIif puMep MOKa3bIBAeT, YTO K MHTepnpeTanuu rpadukoB BeiOopouHbix ACF u
PACF cnengyer moaxoauTh JOCTATOUYHO OCTOPOXKHO. Cio/ia )K€ OTHOCHUTCS M TO OOCTOSITEILCTBO,
YTO BBIpaXXEHHE, UCIONB3yeMOe MpH BblYKcieHuu 3HaueHuil (k) B makere EVIEWS, otnnyaercs



OT NPUBEACHHOTO BbIIC: B opmyne aist y(k) nenenue mpousBogurcs He Ha T — k,anHa T .

ITocnennee OpUBOAUT K TOMY, YTO TaK BbIYUCIIKICMAasA OLICHKA JIA p(k) UMCCT CMCIICHUC B
HaIlpaBJICHUU HYJIA.

B pacmeuarkax aHanmm3a BpeMEHHBIX psfoB BMecTe ¢ rpadukamu Beibopounsix ACF u PACF
OOBIYHO MeyaTaroTcs 3HaueHUs: Q-cmamucmuku, OTHOCSIINECS K KPUTEPUIO IPOBEPKU TMIIOTE3bI
0 TOM, YTO HAOJIOAaeMble JaHHBIC SBISIFOTCS pean3alreil mpoiecca 0eoro uryma.

CymiecTByeT HECKOJIBKO BapuaHTOB (J)-ctaTMCTUK. OZlHA U3 TaKUX CTAaTUCTUK (CHMAMuUCMuKa
boxca — Iupca) 6puta npeoxena bokcom u [Tupcom [Box, Pearce (1970)] u umeer Buj

Q:TZrz(k).

BcernomHuM yke yIOMHHABILIKECS paHee pe3yJsibTaThl 00 acUMOTOTHYecKoi He3zaBucumoctu (1),
r(2), ..., (M) B ciayuae, korga X; — O€IbIil IyM, ¥ 3aMETHM, YTO MPHU OOIbIIUX 7 B 9TOM cllydae
NT - 1(k) = N (0, 1), tak uto T (k) = [N (0, 1)]* = ¥*(1) . (3aMeTHM, 4TO B 3TOIf CHUTYyaLHH HE
TpeOyeTcst rayccoBocth X; — cMm. [XenHaH (1974)].) Orcioga BeITeKaeT, 4To mpu OOdbmux 1
NpUOIMKEHHO UMEEM
0~ X (M).

[IpotuB rumnote3sl Hj roBOpSAT cKopee OOibIlIME 3HAUYE€HHUS ATOM cTraTucTHKU. [loaTomMy ecnu
BbIOpaTh ypoBeHb 3HaYUMOCTH paBHbIM (.05, TO eCTECTBEHHO OTBEpraTh 3Ty THUIIOTE3Yy MpHU
BBITNIOJITHEHUH HEPABEHCTBA

2
0 > X 0.95(M).

B pacneudarkax koppenorpaMM NpHUBOJSTCS P-3HaueHusl CTaTUCTUKU () NS TOCJIEI0BaTENbHbBIX

3Hauennit M = 1, 2, ... . Ilpu KOHKpeTHOM 3HaueHuM M runoresa Hy, oTBepraercs, Korja

cooTBeTcTBYyIOIIee P-3HaueHune mensiie 0.05.

Bnpouem, uccnenoBaHus mokasanu, 4to cratuctuka bokca — Ilupca mnmoxo mpubnumxaercs
pacmpeneneuueM (M) NpH yMEpeHHBIX 3HadeHHAX I . BMeCTO Hee B TAaKmX CIydasx
MPENOYTUTENbHEE UCTIONB30BaTh cmamucmuky JIronza — boxca [Ljung, Box (1979)]

M 2
0=1+y

(T k)
koTopast (mpu T — 00) TAKKE MMEET ACHMIITOTHYECKOE pacpenenenne x (M), Ho GIIimKe K STOMY
pacrpeneNieHuI0 NP YMEPEHHBIX 3HadeHusX [ , yeM cratucthka bokca — Ilupca. B makere
EVIEWS (Econometric Views) 3HaueHust ctaTUCTUKU JItoHTa — BOoKca pacreuaThIBalOTCS BMECTE C
NPUGIIKEHHBIME P-3HAYCHHSIMHE, COOTBETCTBYIOIINME pacipeacieHusM x> (M).

[IpakTnyeckoe ucnonp3oBaHue (J-CTATUCTHK HATAKWBACTCS HA OIpPENEICHHBIC TPYIHOCTH.

[TocmoTpum Ha Tabmuity P-3nadeHuit (Prob) O-cratuctuku JltoHra — bokca 1jisi TOJBKO 4TO
PacCMOTPEHHOTO NMPHUMEpa ¢ peaan3alnueil mpouecca 0eoro uyma.

M | Prob M | Prob M Prob

1 10.670 13 | 0.064 25 10.061




0.873 14 1 0.045 26 | 0.077

0.292 15 | 0.049 27 1 0.063

0.348 16 | 0.066 28 1 0.072

0.455 18 | 0.044 30 | 0.061

0.539 19 1 0.044 3110.076

2
3
4
5 10.349 17 | 0.037 29 1 0.065
6
7
8

0.438 20 [ 0.033 321 0.084

9 10.360 2110.037 33 10.096

10 [ 0.243 221 0.049 34 1 0.099

11 | 0.146 23 1 0.056 35/0.119

12 1 0.187 241 0.064 36 [0.119

P-3nauenus, coorBerctBytomme M = 14, 15, 17 — 22, mensmie 0.05, Tak 4to dopManibHO MpH
HCIIOJIL30BaHUM CTaTUCTHUKH JIroHTa — Bokca ¢ mro0BIM U3 DTHX 3HaueHuit M rumoresza Hy: “X; —
Oenblif mym” MOJKHA OTBEPraThCs, TOT/Ia KaK MPU OCTANbHBIX 3HAYCHHUSIX M COOTBETCTBYIOIIKE
P-3nauenus 6onbiie, yeMm 0.05, u runoreza Hy npu Takux 3HAYeHUsIX M HeE OTBepraercs.

Kakoro-n1bo ompeneneHHOro pelenTa, YKa3bplBalOIIETro, Kak IMOCTyMaTh B MOJAOOHBIX
CUTyaIusX, Ha KaKoe 3HaueHue M clieyeT OpUeHTUPOBATHCSA, 10 CUX TOp He cymiecTByeT. Cpenu
MHOTOUHMCJICHHBIX HCCIEAOBAaHUNH B O5TOM HAMNpaBlIE€HUHM MOXXHO OTMETUTh paboTel [Kwan
(1996a,b)].

VY3ke U3 pacCMOTPEHHOTO TpUMepa SICHO, YTO Ha dTame BHIOOpa MOAXOJSAIICH MOIETH Cpelu
Bcero MHOkectBa ARMA Mozeneit ucroiib3yeMble MPOLEAyphl SBISIFOTCS HE BIIOJHE TOYHBIMH U
YacTO IMIpUBOAAT K MJOBOJIBHO HCONPCACICHHBIM BbIBOAAM. B wurtore n»toro srama BO3MOXKHO
OCTaBJICHUE [UTS JATbHEHUINETO UCCIICAOBAHMS HE OHOM, a HECKOJIBKUX MOTCHIIUATLHBIX MOJICIICH.
bonee OMPCACIICHHBIC BBIBOALI TTPH BbIGOpC MOZCIIN Ha NCPBOM 3TAIC MOKHO IMOJTYYHUTb, ITPUMCHSA
nH(}OpPMAITMOHHBIE KPUTEPUU OTOOPA MOJIEIIEH.

Vcnonb3oBanue HHGOOPMAIIMOHHBIX KPUTEPHUEB.
Ecinn 3apaHee orpaHMuYMBaTLCS pAacCMOTpeHHMEM ToibkO AR Mojenel, T.e. monaraTb, 4TO
npouecc X, cinemyer moaenu AR(k)

k

Zakj (‘le*./'_:u) =&, mo=1,

Jj=1
C HEHM3BECTHBIM HCTHHHBIM TOPSIIKOM Kk , TO JUIS ONpENeNeHus k B TaKUX CUTYalUAX JIOJITOe
BpEMsI MCTIONB30BAIICS uHpopmayuonnsiii kpumepuii Akauxe [Akaike (1973)]. CornacHo sTomy
KPUTEPUIO, CPEAH AIIbTEPHATUBHBIX 3HAYCHHWI kK BHIOMpaeTCsl 3HaYCHHE, KOTOPOE MUHUMHU3HUPYET
BEJIMUUHY




AIC(k)=In&; +(2k/T)
rae T — KOIU4ecTBO HAONIONEHUH, a &kz — OIICHKA IUCTIepCUU MHHOBaMid & B AR monenu k-ro

A2
nopsaka. J[ns BelUMCIEHUS O, NPOU3BOIUTCSA MOAOOP MOJEIH Ak-ro MOpsIKa C UCIOJIb30BAHUEM
ypaBHeHui IOna — Yokepa

k
ps = Zakjps—j >
j=1

TOJTyYEHHBIE OLEHKH KOOPQUIMEHTOB @, ;,j = 1, ..., k , IOJCTABIAOTCA BMECTO @, ; B yPABHEHHE

MOJICIH, U 3aMEHAETCI HA X , TaK 4TO HOquaIOTCH OLICHKHU IJIA &;,
3
& = Zakj(xt—j —x),
=0

rocJie 4ero &, ompenensercs Kak
T
1 >
Si=—D &
TS
BHOCHGHCTBI/H/I 6LIHO BBISICHCHO, 4YTO OILCHKa AKaI/IKe HECOCTOMATCIIbHA M aACHMIITOTHUYCCKH

MIEPEOIICHUBAET (3aBBIIIACT) UCTUHHOE 3HAYCHHUE k() C HEHYJICBOW BEPOSITHOCTHIO. B CBsI3M ¢ 3THM,
6BIJ'II/I MPCAJIOKCHBI COCTOATCIIBHBIC KPUTCPHUH, OCHOBAHHBIC HA MUHUMHU3ALIUN CYyMMbI

In &,f‘f‘kCT,

e cr= O(Tf1 In7) (t.e. ¢y mpu T — o0 UMEET TOT ke MOPSAOK MATOCTH, YTO U T 'In T).

OgHrM W3 TaKUX KPUTEPUEB SIBISICTCS YacTO HCIOJB3YEMBId B HACTOSIIEE BpEMs
ungopmayuonnviii kpumepuii Illeapya — SIC [Schwarz (1978)],

SIC =Iné; L

T

Heckonbko mosnnee Obu1 TipeaiokeH kpumepuii Xennana — Kyunna [Hannan, Quinn (1979)], B
KoTopoMm cr = 2ck T nInT, ¢ > 1,

HQ =1n&,f iy 2cinInT ’

T

obnanaromuii 6osiee OBICTPON CXOIUMOCTBIO K UCTUHHOMY 3HaueHuto ko npu 7 — oo . OmHaKo
P HEOOIBIINX 3HAYCHUSX 1 3TOT KPUTEPH HEJIOOIICHUBAET MOPSIIOK aBTOPETPECCUH.

IIpumep
Paccmotpum Mozens nporiecca AR(2)

)(,: 1.2)(,_1 — 036)(;_2 + Et.
VYpaBuenne a(z) =0 mpuHUMAET B 3TOM CITy4yae BU/T
1-1.22+0.362"=0



U MMEeT IBOWHOH KOpeHb z = 5/3 > 1, Tak 4TO mpoIecCc, MOPOXKTAEMBIH TaKOH MOJIEIBIO
CTaIllOHAPEH.

CmopnenupoBaHHas peanu3aius 3Toro npormecca s = 1,2, ..., 500 umeert cieayroniuii Bus.

8

4]

0

-4 |

50 100 150 200 250 300 350 400 450 500

[TocTpoenHas 1Mo 3To# peanu3aryiv BBIOOpOUYHasi KOppesorpaMmmMa UMeeT BU/T;:

ACF PACF AC  PAC Q-Stat Prob

A K JrEEEEEE T 0.899 0.899 406.25 0.000

k| 0.732 -0.396 675.97 0.000
e il 0.561 -0.005 834.98 0.000
e il 0.409 -0.027 919.59 0.000

0.277 -0.048 958.40 0.000
0.167 -0.015972.59 0.000
0.095 0.071 977.15 0.000
0.045 -0.045978.19 0.000
0.014 0.011 978.29 0.000
10 -0.001 0.020 978.29 0.000
11 0.003 0.055 978.30 0.000
12 0.019 0.001 978.49 0.000

J*

O 00 1N DN K~ W

3nece m3 momockl £ 2NT = + 0.089 BHIXOZAT TONBKO 3HaueHWs BhIOOpouHoii PACE,
COOTBETCTBYyIOIIME JaraM k = 1, 2. B cooTBeTcTBUM ¢ IPUOIMIKEHHBIM KPUTEPHEM, YITOMSHYTHIM
paHee, 3TO MPUBOJIUT K HEOTBEPKEHUIO TuroTe3sl Hj: X, ~ AR(2).

Jl1st moATBEPIKACHUS STOM TUIIOTE3bl CPABHUM 3HAYEHUSI MH(POPMAIIMOHHBIX KpUTEpHEB AKanKe
u lIBapua, monmyudaemble npu oneHuBanun AR mopgeneit 4-ro, 3-ro, 2-ro u 1-ro mopsiiKos,
JIOTTY CKaIOINX HEHYJIEBOE MaTEeMaTUYECKOEe 0KHIaHHe COOTBETCTBYIOMUX AR mporeccos.

p=1 p=2 p=3 p=4

AIC | 3.083264 | 2.91800 | 2.919244 | 2.924441

SIC | 3.100148 | 2.94336 | 2.953116 | 2.966846



O6a xpurtepus BeiOUparoT Moaens AR(2).

Ecnmu MBI HEe orpanmumBaeM ceOst mojemsiMu AR w momyckaeM, 4To MOJIENb, MOPOXKIAOIIAs
nanHble, umeet Bug ARMA (po, go) (C HEU3BECTHBIMU Py, ¢o)

alL) X; =b() &,
TO B 3TOM CJIy4ae MMEETCSI HECKOJIBKO TPOIEIYp OLICHUBAHHS Taphl (Po, ¢o), OMHY U3 KOTOPBIX MbI
ceituac pacemotpuM (cm. [Kavalieris (1991)]).

Ha mepBoM miare 3Toii mporeaypsl YK€ H3BECTHBIMA HaM METOJAMH ITPOU3BOJIUTCS MOA00P
Mozenu aproperpeccun AR(k)

k
Zaijt—j =&, 4 =1,
i=0

BBIYUCIISIOTCS OUEHKU Kod(duuuentos 4, ;,j = 1, ... , k, ¥ Ha MX OCHOBE MOJYYAKOTCS OLEHKH

WHHOBAIIUHU
k
g ()= Zaijtfj , Ao =1.
j=0

[Mopsimox & aBTOpEerpecCMOHHONM MOJETH Ha 3TOM IIare JOJHKEH OBITh JOCTATOYHO BBICOKUM. Ero
MOKHO BbIOpaTh, ONUpPAsiCh Ha CpaBHEHUE 3HAYEHUI KpUTEepusi AKauKe JJIs1 OLEHEHHbIX MOJeen
ABTOPETPECCUU Pa3IuYHbIX NOpsAAKoB. (BcmomuuM, uTo KpuTepuil AKamKe CKIOHEH 3aBbIIIAThH
MOPSAZIOK MOJIEJIH, a 3TO B JAHHOM CJIy4yae Hac Kak pa3 U yCTpauBaerT.)

Ha Bropom mmare 6epytcst perpeccun X;Ha X;—;,j =1, ..., p, u perpeccun X; Ha &, (t—j),j =
I, ..., ¢g. Ilo nepBpIM M3 HUX MOJy4aeM HayaJbHbIC OLEHKH HAMMEHBIIUX KBAJAPAaTOB JUIs
napameTpos a; , T.€. 4, j = 1, ..., p, a 1m0 BTOPEIM — OueHKH b, mus b;, j =1, ..., q.

CoO0TBETCTBEHHO, OLIEHKaMU IIOJIMHOMOB  a(z), b(z) cityxar
p ) 9 A~
a(z)=Y.a,z", b(z)=) bz’ ,
j=0 j=0

1 C MIOMOIIBIO OLICHCHHBIX ITOJIMHOMOB ITI0JIYYa€M OLICHKY JJIA I/IHHOBaHI/Iﬁ
A -1 A
g=b"(L)a(L)x, ,

Ha OCHOBaHUH KOTOPOM CTPOUM yTOUYHEHHYIO OLEHKY I TUCIIEPCUN MHHOBALUI
T

1

~2 ~2

0.4 ::E:ZE:gt
t=1

[Ipu sTOM Tmpenmonaraercs, YToO CaMU WHHOBAIIMU, 3Has TOYHO Kodpdumuentst ARMA monenw,

MOKHO HaiiTH 1o gopmysie & =b"'(L) a(L) X, 4T0 COOTBETCTBYET OOPATUMOCTH STOH MOJIENH.

B xauecTBe o1ieHOK 17151 po , go OepeTcs mapa 3HauYeHUN (f?, q ), MpU KOTOPOH MUHUMH3UPYETCS
BEJIMYMHA



SIC(62, )=1n&?, +(p+q)lnTT.

~2

Cyl1leCTBEHHO, YTO SIC(O'p, q) — Bo3pacTaromas GyHKIHs OT p U ¢ , KOrAa p > po, g = qo , 4TO

BCACT K COCTOATCIIBHOCTH OLICHOK (ﬁ, 67)

3.2. OyeHueaHue KoaghghuyueHmoes moodenu

[locne Toro kak mpousBereHa HaeHTH(HKanus (crarmpoHapHoi) mozenu ARMA, Tt.e. Ha
OCHOBAHMHU MMEIOIIUXCS HAOMIOAEHUI NMPUHATO pellleHHe O 3HaueHusX p, ¢ B moaenun ARMA(p,
q), TIOPOXKAAIONIEH TaHHBIE, MEPEXOAT K ITAly OIEHWBaHUS Kod(dumueHToB mMoaenu. Ha stom
JTane 0ObIYHO MCIOJIb3YEeTCsl METO/I MAKCUMAJIbHOTO NPABON0100Us, KOTOPbIM B KOHEUHOM CUETe
CBOJUTCS K METOJy HAaMMEHBIINX KBAJPaTOB. 3a MCKIIOUYEHHEM HEKOTOPHIX Hamboyiee MpPOCTHIX
ciydaeB (Hampumep, moaenn AR(1)), »Ta 3amaua pemaercs HTEPALMOHHBIMH METOJAMH,
TPeOYIOLUMMH 3alaHUsI HEKOTOPBIX “‘HadalbHBIX~ (“CTapTOBBIX’) 3HAUCHHH MapaMeTpoB, KOTOPHIC
3aTeM I0CJIEI0BATEIbHO YTOUHSIOTCS.

B kauecTBe TakuMx HayaJIbHBIX 3HAYEHUN MOXHO HCIOJB30BaThb IPEIBAPUTEIBHBIE OLICHKH,
NOJy4YeHHblE Ha IEepBOM OJTame. Takue HaydanbHblE 3HAYEHHMS MOYKHO HAWTH, NIpUpaBHUBas
HEHM3BECTHbIC “UCTHHHBIC” 3HaueHHs aBTOKoppemsauuit  p(k) 3HadeHusm (k) BbIOOpOUHOU
ABTOKOPPEISAIMOHHON (YHKIIMHM U UCTIONB3YST HYHKIIMOHATIBHYIO CBS3b MEXAY 3HaUeHUSIMH p(k) u
3HaYeHUsAMU Kod3(pduumenroB wmonenu. Hampumep, ecnu omenuBaercs Mmoxaenb AR(p), To

K03(OULMEHTHI aj, ..., d, ONPEAETSAIOTCS U3 CUCTEMBI IEPBLIX p ypaBHeHui HOna — Yokepa
p
p(k) = zajp(k_j)’ k :19"':p9
j=1
B KOTOpble BMECTO HEHM3BECTHbIX 3HaueHud p(l), ..., p(p) aBTOKOpPPENALUI MOACTABIAIOTCS
HaOmogaemMbie (BBIUMCIAEMBIE MO peanu3anuu psga) 3Hadenus (1), ..., #(p) BBHIOOPOUYHBIX
ABTOKOPPEIISALIAN.

[Ipu ouenuBanuu mogmeneit ¢ MA(q) cocrtaBusitomel (¢ > 0) CyIIECTBEHHBIM OKa3bIBACTCS
yCIIOBHE 00paTuMocTH, chopMynupoBaHHoe B pazj. 2.5. [Tokaxkem 310 Ha npumepe MA(1) moaenu
Xi—pu=¢ +bgy, t=1,...,T.

Nmes HaOmogaemble 3HAYCHUS X1, X2, ... , X7, MBI TIOCJICZIOBATEIBEHO BBIPAXKACM &1, €2, ... , €7 UEPE3
9TH 3HAYCHUS U (HEeHa0JII0JaeMoe) 3HaUCHHUE & :
e =X1—u—bey,

82:X2—,U—b81 :Xz—ﬂ—b(Xl—ﬂ—bgo) = (Xz—ﬂ)—b(Xl—,u) +b2 &0,

er=Xr— p—ber_1= Xr— 1) — b(Xr_1— 1) + b* (X7~ 1) —
+HDT T G-+ (D) b e



Makcumuzanus (o b) yciaoBHOM (PYHKIIMU MPaBAONOA00Us, COOTBETCTBYIONICH HAOIIOIAEMbIM
3HAUEHUSIM X1, X2, ... , X7 TPU HUKCHUPOBAHHOM 3HAYCHHUH &) , PABHOCUIbHA MHHUMHM3AIMH CYMMBI
KBaJIpaToB

Q(b):812+822+ +8T2 ,
KOTOpast SABJISICTCSI HEJIMHEWHOU GyHKUMen ot b . [{ns moucka MMHMMYMa 3TOM CyMMBI KBaJIpaToOB
MPUXOJUTCS UCHOJIb30BaTh YHUCIECHHBIE MUTEPALlMOHHBIE METOJbl ONTUMU3AIMHU, KOTOPBIE, B CBOIO
ouepesb, TpeOYIOT 3aJaHusl HadambHOTrO (“‘cTapToBOr0”) 3Ha4YeHWs mapamerpa b . Kak MbI yxe
TOBOPHIIM, TAKOE CTAPTOBOE 3HAYEHHE MOXKET OBITh MOJIYUYEHO Ha dTamne HACHTU(PUKALUUA MOJEIH.
OnHako MOJIydEHHOE B UTOTE UTEpAlMi “ONTUMalIbHOE 3HAYCHHE b 3aBHCUT OT HEU3BECTHOTO
HaM 3HA4YeHUs &) , YTO 3aTPYJHSAET HMHTEPIPETALUI0 PEe3yJIbTaTOB. 3ajadya WHTEpHpETaluu
o0JierdaeTcs, €clid BBIMOJIHEHO ycjoBue obpatmMoctd b < 1, W mpu STOM 3HaueHWe b
CYIIECTBEHHO MEHbIIIE 1.

JlelicTBUTENBHO, MPH BBHIMIOJIHEHUH TOTO YCIOBHSI MOYKHO MPOCTO MOJOKHUTE &) = 0 . DddekT
OT TakOW 3aMEHbl MCTUHHOTO 3HAYEHHUs &) Ha HyJeBOoe OBICTpO YOBIBaeT, Tak 4TO CyMMa
KBaJIpaToB, Mojly4yaemasl B MPEANOIOKEHUH &) = 0, MOXKET CIy>KUTh XOpOILIEH anmpoKcuManuen
JUISL CYyMMBI, MOJTy4aeMOil MPU MCTUHHOM 3HAYEHHHM &) , PH JOCTATOYHO OOJBIIOM KOJTUYECTBE
HabOmoneHuil. Te ke apryMeHTsl npurogHsl 1 At moaenu MA(g) ¢ ¢ > 1 : B 3TOM ciiyyae MOXKHO
MHOJIOXKUTh & =& 1= ...= & =0 . [l monmyuenus O6oJjiee TOYHOW aINMPOKCUMAIINH, B MTAKETaX

—-g+1
cTaTucTHyeckux nporpamm (B Tom uucie u B EVIEWS) npenycmotpena npouenypa (backcasting)

B KOTOPOH MPOLIECC UTEPALMH BKIIIOYAET B CE0sI TAKIKE U OLICHUBAHUE 3HAYECHUN €0, 61, ..., €

MyTEM MOCTPOEHUS ISl HUX “o00pamnozo npoznoza’.

Eciu B pesynbTare OlleHMBAHUS MOJy4YeHAa MOJENh, B KOTOPOH YCIOBHE OOpPAaTHUMOCTH HE
BBITIOJIHSAETCS, PEKOMEHYyeTCsS MOBTOPUTH MPOLEAYPY OLIEHMBAHMS C HCIOIB30BAaHHUEM JPYroro
Habopa HaYaJIbHBIX 3HAYCHUH.

bonee mompoOHOE wu3IOKEHHE TMPOIEAYpP OLCHHUBAHHUS CTalMoHapHbIX ARMA Mopenei
METOJIOM MAaKCUMAJIBHOTO MPaBA0NOI00UsS MOXHO HalWTH, HampuMmep, B kaure [Hamilton (1994)].
Tam e MOKHO MPOYUTATh O TOM, KAKUM 00pa30M BBIYUCISIOTCS MPHUOIMKEHUS AJIsl CTaHIapTHBIX
OLIMOOK OLEHOK KOA(PQHUIMEHTOB 3THX MOJAEJCH, KOTOpble MOXKHO HCIOJB30BAaTh MpPU OOJBLIOM
KOJIMYECTBE HAOJIOICHU OOBIYHBIM 00pa3oM.

B 3akmrouenne He0OX0UMO TOJIBKO CAENATh OJJHO BAKHOE 3aMEUaHUE.

[TycTs MBI HMeeM cTarmoHapuyto AR(p) moxaens

a(l) X;=0 + & .

MBI yKe TOBOPHIIA O TOM, YTO B 3TOM CJIy4ae MaTeMaTHIeCKOe OKHUJAaHUE 4 TIpolecca X; CBS3aHO
C KOHCTAaHTOM O COOTHOIIEHUEM
o

(l—al—az—...—ap)'

/J:

ITpu 3TOM MOXKHO CHadana OLEHUTb KOAPPUIUEHTH! 4y, ..., d, U O , IPUMEHS OOBIYHBIA METOA
HaMMEHBIINX KBAaPAaTOB K MOJIEIN



Xi=0t+ta XatamXot+. .. ta, X ,+e,

a 3aTeM, HCTIOJIb3Ysl [ONYYEHHBIE OUEHKU d,...,d, U O , IOJYYUTh OLEHKY Ul A B BUJIE
. )
M= PR N
(I-a,-a,-...—a,)

OIHaKO MOYKHO MOCTYNHTh U MHAYE, KaK 3TO MPEeAyCMOTPEeHO, HanpuMmep, B nakere EVIEWS
(Econometric Views), UCNOIb3yeMOM HAaMU B MOCJIEIYIOIIUX IMpuMepax. VIMEHHO, MBI MOXKEM
3amnMcarh Ty K€ MOJIEb B BUJIE

Xi=u(l-ai—a—..—ag)taXptaXat+...taX,te
U OJIHOBPEMEHHO OLEHUBaTb U 4ai, ... , 4, Uy . Takad mpoueaypa TeopeTudecku Ooiee
s dextuBHa. OmHaKO B Takod (GopMe MOJEIbh OKAa3bIBACTCS HEJIMHEWHOW MO IMapaMerpaMm, M 3TO
OOCTOSITENILCTBO, KaK M NpHU OLEHHMBaHMM MA wmojenei, TpeOyeT NpHUMEHEHHs] HEeIHHEHHOro
MeTo/1a HauMeHbIuxX KBaapatoB (NLLS — nonlinear least squares) M 4UCACHHBIX UTEPAIIMOHHBIX
METOJI0B ONITUMHU3ALINN.

[Tpumep
PaccmoTpuM naHHbIE O ToJO0BOM NOTpeOneHUMH pbIOHBIX mHpoaykroB B CIIA (ma mymry

HaceJeHus, B QyHTax).

1946 | 10.8 1956 | 10.4

1947 1 10.3 1957 | 10.2

1948 [ 11.1 1958 | 10.6

1949 | 10.9 1959 | 10.9

1950 | 11.8 1960 | 10.3

1951 | 11.2 1961 | 10.7

1952 | 11.2 1962 | 10.6

1953 | 114 1963 | 10.7

1954 | 11.2 1964 | 10.5

1955 | 10.5 1965 | 10.9

I'paduk sToro psna:



46 48 50 52 54 56 58 60 62 64

Koppenorpamma, nmoctpoeHHas 1o 3TUM JaHHBIM, UMEET BU
Autocorrelation Partial Correlation AC PAC Q-Stat Prob

T TR 1 0.429 0.429 4.2694 0.039
e e 2 0.366 0.222 7.5350 0.023
| . . 3 0.059 -0.204 7.6255 0.054
| . . 4 0.016 -0.034 7.6324 0.106
. " 5 -0.156 -0.129 8.3498 0.138
. . 6 -0.255-0.195 10.393 0.109
| i 7 -0.321-0.123 13.879 0.053
e I 8 -0.133 0.175 14.523 0.069

OpueHTHpysCh Ha yKa3aHHbIE paHee NMPHUOIMKEHHbIE KPUTEPUH, MPEXKIE BCEro HallieM 3HaYCHHE
2/NT = 2/N20 = 0.447. VI3 ronocsl + 0.447 He BBIXOAUT HU OJHA U3 BEIGOPOUHBIX aBTOKOPPEISIIHiL
Y YaCTHBIX aBTOKoOppenauui. [1o3ToMy ¢ TOUKH 3peHUs 3TUX KPUTEPUEB, MBI HE JOJDKHBI OTBEPIaTh
THIIOTE3Y O TOM, UYTO HaOJII0AaeMblil s mopoxkaaercs moaensio MA(0)

Xo=u+e.

C npyroi cTOpoHBI, €ClIi OPUEHTUPOBATHCS Ha Kputepuil JItonra — bokca, To nuk ACF Ha nare 1
ABJIIETCS CTaTUCTUYECKH 3HAYUMBIM. OJTO O3HAYaeT, YTO B KAuyeCTBE MOTEHIHUAIbHBIX MOJENeH
HOPOX/IEHUS JTaHHBIX MOKHO IpeaBapuTesibHo paccMaTpuBaTh moaenun AR(1) m MA(1). Takum
0o0pa3oM, MBI CTaJKUBaeMCs 3[eChb C KOH(IMKTHOW CHTyalHed: CTaTHCTUYECKHUE BBIBOJIBI,
HoJy4yaeMble MPH MCIOJIb30BAaHUM Pa3HbIX KPUTEPHUEB, HE COOTBETCTBYIOT ApYyTr Apyry. IlogoOHas
CUTyalluss HE SBISIETCA 4YE€M-TO MCKJIIOUUTENBbHBIM M JOCTaTOYHO YacTO BCTpPEYaeTcss IHpu
UICHTU(QHUKALMA MOJENH, MOpPOKIarolel HaOaromaeMblii psja, TeM Oosee, YTO HCHOJIb3yeMble
KPUTEPUU — aCUMIITOTHYECKHE, TOT/Ia KaKk OOBIUHO B PACIOPSIKEHUH HCCIIEI0BATENS UMEETCS He
CJIMIIKOM OO0JIBIIIOE KOJMYECTBO HAOIIOACHUH.

[locnennee OOCTOATENBCTBO CBSI3aHO B 3HAUUTENIBHOM CTENEHM C TEM, YTO IS MHOTHX
9KOHOMHUYECKUX PAIOB IMEPHOAbI, Ha KOTOPBIX MOPOKIAIONIAS PsII MOJAEIb MOXET CUUTAThCs
CTallMOHAPHOW, OOBIYHO HEMPOAODKUTENbHBI H3-32 HM3MEHEHHMs OOIeld SKOHOMHYECKOU
00CTaHOBKH, B KOTOPOH 3BOJIOLMOHUPYET paccMaTpUBaeMblil psia. ITo cOOOpakeHUuEe MOXKHO JIETKO
NPOMJUTIOCTPHPOBATh Ha MPHMEPE TOrO K€ CaMoro psiia JaHHBIX O MOTPEeOJICHWH PHIOHBIX




npoaykroB B CHIA, eciu npuBieysb AOMOJHUTENBHO CTATUCTUYECKUE AaHHbIE 3a epuoa ¢ 1940 no
1945 rone! (roasl BTropoit MupoBoii BoWHBI). DBOIIONMS psAa HA paciupeHHoM nepuoae ¢ 1940 no
1965 roap! peacTaBIeHa CIICIYOMINM IpauKOM:

40 42 44 46 48 50 52 54 56 58 60 62 64

[IpoBan Ttpaektopun psana B 1942 — 1944 r.r. He MNO3BOJSAET TPAKTOBATH ATOT Pl Kak
cTallMoOHapHbI Ha BceM nepuoae ¢ 1940 mo 1965 roxel. Iloaromy MBI mpojoikaeMm Jaiee
paccMaTpuBaTh 3HAYECHUs psifia TOJIBKO Ha MIOCIEBOCHHOM nepuone — ¢ 1946 o 1965 r.r.

Ecnu ocranoButbest Ha moaenu AR(1), To mnsa nHee, xkak Mbl 3HaeMm, p(l1) = a;. IlosTomy
NpUpaBHUBAs HEW3BECTHOE 3HAYCHHE p(1) 3Hauenuto r(1) = 0.429, M mDOMy4YaeM
IpEBapUTENbHYI0 OLEHKY JUIsl HEU3BECTHOTO 3HaueHus a;. B To ke Bpems, Npou3BoAs
HENoCpeACTBEHHOe oleHuBaHue Monaenu AR(1) ¢ HeHyJeBbIM MaTeMaTHYEeCKUM OXHJIaHHEM

HEJIMHEMHBIM METOJ0M HaMMEHBIIMX KBaAPaTOB, MOJIYYaEM CIECAYIOIINE PE3YIbTATHI.
Dependent Variable: X

Method: Least Squares

Sample(adjusted): 1947 1965

Included observations: 19 after adjusting endpoints

Convergence achieved after 3 iterations

Variable Coef. Std. Error  t-Statistic Prob.

C 10.81451 0.159261 67.90445  0.0000
AR(1) 0.430515 0.219257 1.963522  0.0662
R-squared 0.184864 Mean dependentvar  10.81053

Adjusted R-squared 0.136915 S.D. dependent var 0.425434
S.E. of regression 0.395238 Akaike info criterion 1.080645
Sum squared resid  2.655627 Schwarz criterion 1.180060

B nmanHO# cuTyanum yTOYHEHHash OIEHKAa NPAKTHYECKd COBMAAAET C MpeIABAPUTEIBbHOMN
OLICHKOH mId a .

Eciu xe ocranoButbecs Ha monmenun MA(1), To B Takoit momenmu p(l) = by/(1 + b?).
[IpupaBuuBanue HemsBecTHoro 3HaueHus p(1) 3nauenuto r(1) = 0.429 npuBOAUT K ypaBHEHHUIO
bi/(1 + b®) = 0.429. Kopuu mociensero ypapueHust paBubl 0.567 u 1.704. IlepBblii KOpeHS
cooTBeTcTBYeT oOpatuMoii MA(1) Mozenu; BTOpoil KOpEeHb COOTBETCTBYeT HeoOparumoir MA(1)



Mojenu. YTouHeHHoe omeHuBaHne MA(1) Monenn ¢ HCHOJIB30BaHHMEM OOPATHOTO IMPOTrHO3a

(backcasting) maet crneayroiue pe3yiabTaThl.
Dependent Variable: X

Method: Least Squares

Sample: 1946 1965

Included observations: 20

Convergence achieved after 13 iterations
Backcast: 1945

Variable Coef. Std. Error  t-Statistic Prob.

C 10.81379 0.113355 95.39726  0.0000
MA(1) 0.280610 0.228102 1.230195  0.2345
R-squared 0.117961 Mean dependent var  10.81000

Adjusted R-squared 0.068959 S.D. dependent var 0.414094
S.E. of regression 0.399561 Akaike info criterion 1.097739

Sum squared resid  2.873684 Schwarz criterion 1.197313
Log likelihood -8.977395 F-statistic 2.407257
Durbin-Watson stat  1.789895 Prob(F-statistic) 0.138178

B ostom ciydae yTtouHeHHoe 3HaueHHe Kod(p¢uieHTa by CYHIECTBEHHO OTJIMYAETCS OT
MpeBaApPHUTEIILHON OIIEHKU ATOTO KodddumuenTa. OTMETHM Tak)e OOJBII0E OTINYHNe P-3HaueHU
Ui t- U F-CTaTHUCTUK B OTHOIIECHUH 3HAYMMOCTU KodpuuueHTa by . OT0 MOXKHO OOBSCHUTD TEM,
YTO BEJIMYMHA CTAHJAPTHON OMIMOKM BBIYUCIISIETCS COTJIACHO aCUMITOTUYECKOM MpoLeaype, Toraa
KaK B HallleM pacrlopsbKeHUH UMeeTcst Bcero Juib 20 HabmoaeHU .

Ecam He mpou3BoauTh 00paTHOTO MPOTHO3UPOBAHMS 3HAYEHUST WHHOBanuU st 1945 rona, To

PE3YNBTATHI MOTYYAOTCS OMHU3KUMU:
Dependent Variable: X

Method: Least Squares

Sample: 1946 1965

Included observations: 20

Convergence achieved after 24 iterations
Backcast: OFF

Variable Coefficient Std. Error  t-Statistic Prob.

C 10.81515 0.112582 96.06431 0.0000
MA(1) 0.274024 0.229231 1.195405 0.2474
R-squared 0.116800 Mean dependentvar  10.81000

Adjusted R-squared 0.067734 S.D. dependent var 0.414094
S.E. of regression 0.399824 Akaike info criterion 1.099054
Sum squared resid 2.877464 Schwarz criterion 1.198628
Log likelihood -8.990543 F-statistic 2.380443
Durbin-Watson stat  1.778286 Prob(F-statistic) 0.140261



3.3. fluazHocmuka oueHeHHOU Mmodenu

[Tocne BbIOOpa THMa W OUEHUBAHUA KOIDOUIIMECHTOB MOJACTH TPOH3BOIUTCS OUAZHOCHUKA
OLICHEHHON MOJEINH, T.€. BBISICHEHHE TOr0, HACKOJBKO XOPOLIO MOJENb COOTBETCTBYET JaHHBIM
HaOMoIeHUi (aJeKBaTHA JAHHBIM HAOJIOJEHWI) — 3TO SBIAETCA TPETbUM ATalloM MPOLEAYpPbI
no10opa MOJIENH.

Jng neneil NTMAarHOCTUKM MOXHO MCIIONb30BaTh LENbIA PSA PA3IMYHBIX CTATUCTHUYECKUX
HpoLEeyp, KOTOpble HANpPaBJICHbI B OCHOBHOM Ha MPOBEPKY T'MIIOTE3bl ) O TOM, YTO B MOJENH,
MOPOX/IAIOIeH HAOMIOACHNUS, TIOCIEIOBATENEHOCTh & JEHCTBUTEIILHO 00pa3yeT mporecc 0enoro
nryma.

[lycTh MBI OCTaHOBHIIM CBOM BBIOOpP Ha 3Tane uaeHTugukanuu Ha mogenu ARMA(p, q)

a(l) X, =b(L) &,

T.C.

Xi=a X+ ... tapXeptetbiean+...+bjey,
Y Ha BTOPOM JTare OLEHUIN €€ KaK

a(L)X, =b(L)s, ,
rae

a(ly=1-aL-...-a,l”,

b(Ly=1+bL+...+b,L.

Ecimu MA cocrapnsromas monenu ARMA(p, g) obpatuma, To Toraa

a(L
g[ = ( ) t
b(L)
U OLICHKH ISl & TEOPSTUYECKH MOXKHO MOJIy4HTh 3aMeHoi a(L) u b(L) ma a(L) u Z;(L),
COOTBETCTBEHHO:
. a(l
g = Cf( ) X,.
b(L)

Ha mpakTuke, KOHEUYHO, MBI MOXEM HCHOIb30BaTh 3Ty (OpPMYIy JHUIIb YACTUYHO, MOCKOJIBKY
OCCKOHEUHBIM PAl B MPABOM YaCTH MPUXOAUTCS OOpBIBATh M3-3a HAJUYHUS TOJIBKO KOHEYHOTO
KOJIMYECTBA HAOIIOIEHUH.

ITpu GONBLIOM KONWYECTBE HAOMIOACHMI MOBEACHHE &, JODKHO HMHUTHPOBATH IMOBEICHHUE

camux ¢& . CiemoBarenbHO, €CJIM OIMIMOKH & OOpa3yroT MpOIecC OeNoro myma, TO OCTaTKH
JOJIKHBI UMUTHPOBATh MPOIiecc OENoro myma.

OcHoBBIBasiCh Ha 3TOM coobpaxenuu, baptiert [Bartlett (1946)] u boke u ITupc [Box, Pierce
(1970)] mpennmoxxunu MCCIEAOBAaTh CTAaTUCTHYECKYI0 3HAYMMOCTH BBHIOOPOYHBIX aBTOKOPPESIUit
JUISL psila MTHHOBALUU &



T—k
é
rg(k)_ = lT

2E

t=

>

t“t+k

U CYMMBI UX KBaJpaTOB

M
p=1 Z 1’ (k) (Q-cmamucmuxa Bokca — Iupca).
k=1
Ecnu mozens nmpaBuiibHO crienuduuupoBaHa, To (Jpp HUMEET paclpeesieHue, KOTopoe OIHM3KO K
pacnpeneneuuio (M — p — ¢), npu ycnosun, uto T u M Bemuku, a otHowrenue (M/T) maro.
['mnoTe3a aeKBaTHOCTH TI0I00paHHON MOJCIIA OTBEPTaeTCs, €CIu

Osr> Y 00s(M —p — q).

OpnHako BHOCTEACTBUU OBLIO 3aMEYEHO, UTO MPU KOHEUHBIX T pacrpeaeneHue CTaTuCTuku Opp
MOYET CYIIECTBEHHO OTIMYAThCS OT pactpeneienus y (M — p — q). Ucnons3yst pe3ynbratsi JIroHra
u bokca [Ljung, Box (1978)], MoxHO moka3atk, 4To

~(M—p—q)- MM +3)

E(QBP)N(M P—9) T2
CrnenoBarenbHo, eciau oTHOIeHue M(M + 5)/(2T + 2) cymiecTBeHHO, TO UCIIOJIb30BAHNE Xz(M -p
— ¢) IPUOIMKEHUS HE SIBIISICTCS OTPAB/IaHHBIM.

Jlronr n bokc mpemtoxkunu aBa crioco0a mpeojofieHust mpoOsneMbl cMerieHus. llepBerii —
IpSIMON METOJ — COCTOUT B MCTIOJIb30BAaHUH MPUOIUKESHUS

Osr = 1 (E(Qsp)) »
rae mus E(Qpp) MCTIONB3yeTCS YKAa3aHHOE BHINIE BBIpaXEHUE (MOIU(DHUIIMPOBAHHBIA KPUTEPHI
Bbokca — Kokca).

Brtopoii cioco6 yuutsiBaeT 6osiee TouHoe BoipakeHue st D(r(k)) — Bmecto (1/7) 6epercst (T

— k)/(T* + 2T). Dro0 HpI/IBO,HI/IT K Q-cmamucmuxke JIvonea — bokca

0, _T(T+2)z k)

KOTOpasi HIMEET TO K€ ACHMITOTHYECKOe pacnipenenerue y (M — p — g), ato u QOpp , HO 3aTO TIPH
KOHEUHBIX I pachpeieleHHe CTaTHCTHKH (rp  ropasgo ommke K y’(M — p — q), 4em
pacnpenenenne craTUCTUKU Opp . [Ipu 3TOM KauecTBO NMpUOIMKEHUS YXYIIIAETCS, €CIH 3HAUCHUS
napaMeTpoB HAaXOJATCs BOJIM3U I'PaHULbl CTALIMOHAPHOCTH WJIM 0OpaTMMOCTH MOJEIH; 0COOEHHO
9TO 3aMETHO MNpH MajiblXx M . 3aMeTUM, YTO XOTS NEPBOHAYAJIBHO BBIBOJ ACUMMTOTHYECKOIO
pacnpeneneHuss cratuctuku Jlronra — bokca mnpousBomwics B MNPEANONOKEHHH, 4YTO &  —
rayCCOBCKUN Oenblil IIyM, B JajdbHEHIEM ObLJIO YCTAHOBJIEHO, YTO 3TOT KPUTEPUH IOCTATOYHO
YCTOMUMB K OTKJIOHEHUSIM paclpesieleHus & OT HOPMalbHOro. BakHO TONBKO, 4TOOBI OblIa
KoHeuHou aucnepcust D(g). ( Ilocnennee ycinoBre 4acTo HapymaeTcs AJisi PSAIOB, OMHCHIBAOIINX
9BOJIIOLMIO OBICTPO M3MEHSIOMUXCS (DUHAHCOBBIX IOKazaTesled — IEH Ha akKIUHM, OMp>KeBbIX



WHIEKCOB, OOMEHHBIX KYPCOB. J[JIs1 TAKUX PANOB paCIIPENEIIEHIE & OOBIIHO UMEET “msaricenvie’
) y ]—I t

9

Xeocmbul, T.€ JOCTATOYHO YacTO HaOIoat0TCst 0oJbIlue M0 a0COIOTHON BeIMYMHE 3HaueHus & . U
9TO TpeOyeT MpUBJICUCHHS IS OTIMCAHMS TAKUX PSIOB 00Jiee CI0NKHBIX MOJIEINIEH. )

B nakere EVIEWS B pacneuatke pesynbraToB oneHMBaHMs Monenedi ARMA psgoMm c
KOPpPEJIOrpaMMOM psiia OCTaTKOB IIPUBOMSTCS
cratuctuku JIronra — bokca.

P-3nauenus s HaOmonaeMbIX 3HaAYeHUH (O—

st Tonmpko uTo paccMoTpeHHbIX Mozeneit AR(1) u MA(1) koppenorpaMMbl psiZIoB OCTaTKOB
MMEIOT CIEIYIOIINI BU/I.

Jnst monmenmu AR(1):
ACF PACF

AC PAC Q-Stat Prob

*|

| *

1 -0.096 -0.096 0.2033

2 0.271 0.2651.9334 0.164
3-0.116-0.078 2.2687 0.322
4 0.076 -0.008 2.4232 0.489
5-0.099 -0.049 2.7024 0.609
6-0.125-0.175 3.1852 0.671
7-0.257 -0.260 5.3801 0.496
8 0.019 0.0515.3928 0.612
9 0.047 0.189 5.4826 0.705

#% 10 -0.178 -0.259 6.8945 0.648
-] . 11 0.040-0.050 6.9748 0.728
*| . 12-0.187 -0.132 8.9579 0.626

Jost monenmn MA(1):

ACF

PACF

AC PAC Q-Stat Prob

I

1 0.100 0.100 0.2306

L2 0.365 0.358 3.4838 0.062

.
C

3-0.050-0.127 3.5491 0.170
4 0.058 -0.068 3.6417 0.303
5-0.139-0.088 4.2051 0.379
6-0.169 -0.182 5.1071 0.403
7-0.277-0.199 7.6991 0.261
8-0.066 0.094 7.8603 0.345
9-0.021 0.159 7.8772 0.446
10-0.187-0.302 9.4191 0.400
11 0.002-0.042 9.4192 0.493

12-0.187-0.104 11.338 0.415




B 00oux ciyuasix Bce P-3HadeHust 1iisi cratuctuku Qrp O6osbiie 0.05, Tak 4To TUIOTE3a O TOM, UTO
B CHCIU(PUIIMPOBAHHBIX MOJENISIX COCTaBISAIONINE & 00pa3yloT mporecc Oenoro Iiryma, He
OoTBepraerca. 3aMeTUM TaKKe, 4TO B OOOMX CIyyasX HE OTBEPraercsi rurore3a HOPMaJbHOCTH
pactipenenenust ¢ : P-3HaueHus kputepus Jarque — Bera paBHbl, coorBeTcTBeHHO, 0.480 1 0.608.
OO0 ompaBOaHHOCTH MPUMEHEHUS TMOCJIEIHEr0 KpUTEpHs MPHU aHalU3e BPEMEHHBIX PSAAOB Oyaer
CKa3aHO HUXKE.

[IpoBepka mpeAnoa0KeH sl 0 HOPMAIbHOCTH
MHorue CTaTUCTUYECKHE TMPOLEAYpbl, HCIOIb3yeMble MpPH aHAIM3€ BPEMEHHBIX PSJIOB,
OMMPAIOTCS HA MPEJIOJI0KEHNE IayCCOBOCTH (HOPMAJIBHOCTH) aHainu3upyemoro psana. Ilocnennee

O3HayaeT, 4to I Joboro Habopa f, ..., f, CIy4dalHBbIC BEJIMYHUHBI X,],...,X, HMEIOT

COBMECTHOE HOpPMAJIbHOE pacIpeeicHue.

HNmess B pacnopspkeHHHM OJHY €IWHCTBEHHYIO pealiu3alli0 BPEMEHHOTO psa, IPOCTO
HEBO3MOXXHO IPOBEPHUTH CIPABEUIMBOCTh TAKOTO YTBEPXKICHHSA. B TO ke Bpems, elie BO3ZMOXKHO
NPOBEPUTh THUIOTE3y O HOPMAIBHOCTH OJHOMEPHOro (MAprHHAJIBHOTO) paclpeieieHuUs
CTallMOHAPHOTO BpeMeHHOro psja. CooTBeTCTBYIOLIAas Mpoleaypa Obula mpeangokeHa B padote
Jlomunmkoro [Lomnicki (1961)]. Ilycts

1 & =
my :?;(Xt _XY >

m m

G =—35, G,=—-3.
1 3/2 2 2 2
m; my

B ykazannoii pabore ObUIO 10Ka3aHO, YTO €CJIU X; — CTAI[MOHAPHBIN rayCCOBCKUNM BPEMEHHOM Psif,
To npu Oonbmiux 7 craructuku G; u G, UMEIOT NPUOIMKEHHO HOPMANbHBIE paclpeieleHUs ¢
HYJICBBIMU MAaTCMATUYCCKUMU OKUJAHUAMU U JUCTICPCHUAMUA

DG)=2 Y p0, DG)=2 Y p' k).

k=-oo T k=-o
ONEHUT ATH TUCTIEPCHH MOXKHO, 3aMEHUB OCCKOHEYHBIE CYMMBI CTETeHEelH aBTOKOppesuii p(k)
KOHEYHBIMH CyMMaMH CTeNeHeil BbIOOPOYHBIX aBTOKOppessiuuid r(k). Mcrnons3ys Takue OLIEHKU

D(G,), D(G,), momydaem cTaTHCTHKH

G G
Gl* =T 1 > G; =T 2 >
\VD(G)) v D(G,)
KOTOpLIe HpI/I THUIIOTE3C HOpMaﬂBHOCTI/I HUMCIOT paCHpeI[eHeHI/IH, aHHpOKCI/IMI/IpyeMLIe CTaH,I[apTHBIM

HOPMAJIbHBIM pPaCpCACICHUCM. HOCKOJ’ILKy MNOCICAHHUE CTATUCTUKH €II€ W aCUMIITOTHYCCKH
HE3aBUCHUMBI, TO IIPU T—

G Y +(G:f = 222



MopnenupoBaHue MOKa3bIBAE€T, OJHAKO, YTO IpPH YMEPEHHBIX 3HAaYeHUsX [ paclpeneieHue
cratucTukd G, TUI0XO MPHOIMKAETCS HOPMAIIbHBIM pacrpezaencHueM. bosee Toro, mpoueaypa
IPOBEPKU 3/1eCh BecbMa 00wIast (CTPYKTypa BpPEMEHHOro psia He cneuupuuupyercs). [loaromy

*

o o 2 2
KpUTEpPUN HOPMaJIbHOCTH, OCHOBAHHBIM HA CTATHUCTHUKE (G1*) +(G2) , UME€EeT JI0BOJIBbHO HHU3KYIO

MOIITHOCTh TPHU TPUMEHEHUU ero K mojensMm AR u MA, T.e. CIMIIKOM 4acTO HE OTBEpraer
TUIOTE3y HOPMAIBHOCTH psifa X, , Korja oHa HEe BepHa.

Bonee monxopsiieit SBISETCS B 5TOM OTHOIIICHUH aHAJOTHYHAsI TIPOLIEAypa, IPUMEHsieMas He K
camoMy psiy X; , a K OCTaTKaM, TOJTYyYEHHBIM P OLIECHUBAHUY CHCIIU(PUIIMPOBAHHONW MOICIH Psijia
X, . B momenmsix AR u MA ocTaTK# COCTOSITENIHO OIICHWBAIOT WHHOBAIIMU & , KOTOpBIC, B
MPEIITOIOKCHUA HOPMAaJIbHOCTH, SBISIFOTCS HE3aBUCHMBIMH, OJHHAKOBO pacHpeaelICHHBIMU
CJlyd4aliHBIMU BEJIMYWHAMH, HUMEIOIMMHU pactpeneicaue N(0, 02). [TosTOMY TIpU NPUMEHEHHH
MeTo 1a JIOMHHUITKOTO JIJISl TIPOBEPKH MPEATIONO0KEHUS O HOPMATHbHOCTH MHHOBAIIUM, MBI TIOJTy4aeM:

DGY=2, D(G)=22,

T T
(T.K. and psaa uaHoBamit p(k) =0 mpu k # 0),
G =T . G =T

o NG

TakK 4TO

2 2
G} +le:f=1{ GG
6 24
a 3TO €CTh CTaTUCTHKA, UCHOJb3yeMas JJs MPOBEPKHM HOPMAIBbHOCTU B MOMYJSIPHOM KPUTEPUU
Jarque — Bera [Jarque, Bera (1980)].

Takum o6pazom, kputepuil Jarque — Bera MOXHO HCIIONB30BaThb HE TOJBKO B PaMKax
KJIACCHMYECKON MoJIenH perpeccud (¢ (GPMKCHPOBAHHBIMU 3HAYCHUSAMHU OOBSICHSIONINX ITEPEMCHHBIX ),
HO M Ul MPOBEPKU HOPMaJIbHOCTH MHHOBALMHA B MOJENSAX BPEMEHHBIX PAJOB, IOMHS, KOHEYHO, O
TOM, YTO 3TO BCEro JHIIb ACUMIOTOTUYECKUN KpuTepui. [l yaydymieHus NpUOIMKeHUs
CTaTUCTHKHM KPHUTEpHsI paclpenesieHueM Xu-kBajapaT, B nakere EVIEWS B craTuctuke xpurtepus
BMECTO MHOXHTEN I ucnonb3yercst MHOXUTENb (17— K), rae K — KoIm4ecTBO KO3 PHUINEHTOB,
OLIEHUBAEMbIX IIPU TIOCTPOSHUHU MOEIN UCCIIEyeMOro psija.

[IpaBna, 31€ch MBI HE 3aMETHIIN €1IE OJJHOTO ~TIOABOJHOTO KaMHs . MBI Ipemoarajiu HesBHO,
YTO OCTATKU OepyTCsl KaK pe3yJbTaT OLEHUBAHUS MPaBUIBHO MAECHTH(QHLIKMPOBaHHON Moaenu. Kak
OyJeT BIMATh HA CBOWCTBA KPUTEPUS HENPABUIILHOE ONPEIETICHUE MOPSAIKAa MOIETH?

[Tpu 60onbmnx 7 xpurepuit llIBapua J0CTaTOUHO HAEKHO ONpeEAEsIeT NOPAAOK (p, ) MOJenu
ARMA, Tak 4TO mnpoBepka HOPMAJIbHOCTM WHHOBAIMil MO MOJENH, BBIOpAaHHON KpUTEpPHEM
[IIBapua, acUMOTOTMYECKH PaBHOCWIbHA IPOBEPKE HOPMAJIBHOCTH HMHHOBALMN IO NPaBHIBHO
UICHTU(QHUIIPOBAHHON MOJIEIH.



Ha tperpem miare mpousBOAST Takke NMPOBEPKY BBIOPAHHON MOJAEIM Ha ‘“ONTUMAIbHOCTH,
uMes: B BHUAY, 4YTO ‘“‘Oojiee CIOXHBIE” MOJENU HE JOJDKHBI CYIIECTBEHHO OTIMYaThCs OT
nonobpaHHoi mojenud. TouHee TOBOpS, MpPH YBEIWYEHUM TOpSAAKA MOJAEIU  OLEHKHU
K03(ppULIMEHTOB NpHU 100aBIEHHBIX COCTABISIOIUX JAOKHBI ObITh CTATUCTUYECKH HE3HAUMMBIMH,
a OLEHKM KO3()(PUIMEHTOB TpU COXpaHSEMBIX COCTABISIOMIMX JIOJKHBI M3MEHATHCS HE OYEHb
CYLIIECTBEHHO.

IIpumep
O6pamasce onsTh K pesyibraraMm oneHuBanus MA(1) m AR(1) mogmeneit nisi maHHBIX O

notpebneHun porIOHBIX TpoaykToB B CIIIA, 3ameuaeM, yto runoresa Hy : a; = 0 B AR(1) mogenu u
runiore3a Hy: by = 0 8 MA(1) Mozenu He OTBEeprarTcs. DTO 03HAYAET, YTO 00€ AT MOJICTH MOTYT
OBITH peaynupoBanbl K Mojaeran MA(0)

Xi=ute.
OueHuBas NOCIEIHION, MOTYyYaeM:
Variable Coef. Std. Error  t-Statistic Prob.
C 10.81000 0.092594 116.7460  0.0000
R-squared 0.000000 Mean dependent var  10.81000

Adjusted R-squared  0.000000 S.D. dependent var 0.414094
S.E. of regression 0.414094 Akaike info criterion 1.123258
Sum squared resid  3.258000 Schwarz criterion 1.173045
Log likelihood -10.23258 Durbin-Watson stat 1.138735

Ho omnenennas xoppenorpaMmma Jiisi 3TOW MOJENHU ObUIa YXKe MPHUBEACHA BBINIE, B CAMOM Hauaie
paccMOTpeHHs] JaHHOTO MpHMepa, U HMMEHHO OHa Jaja IOBOJ paccMaTpuBaTh B KayecTBe
BO3MOXKHBIX Kanauaatyp monenu AR(1) u MA(1). IIpu sTom, pemras BOIPOC O CTaTUCTUYECCKON
3HauUMOCTH p(1) U ppar(1), MBI ONHMpamKCh HA aCUMITOTHYECKHE PE3yJIbTAaThl, XOT UMEIH B
pPaCHOpSOKCHHH JIWIIb HEOOJBIIOE KOJIHYECTBO HAOMIONEHUH, M ATO MOXKET OBITh MPHYUHOU
HECOTJIACOBAHHOCTHU MOJyUYEHHBIX BHIBOJIOB.

BnpodeM, MBI MOXEM BOCHOJB30BAaThCS M TOYHBIM KPUTEPHUEM, OCHOBAHHBIM Ha CTATHCTUKE
Hapbuna — YorcoHna. [TockonbKy B TOC/IEIHEH MOJECIH HET HUKAKUX OOBSICHSIONIUX IMEPEMEHHBIX
KpOME KOHCTaHThI, MOKHO TIOJTYYUTh TaOIHUIIBI HEMTOCPEACTBEHHO I KPUTUYECKUX 3HAUCHUH ATON
CTaTHCTUKH, a HE s TPaHUL, MEXIy KOTOPHIMHM 3aKJIIOYEHBbl STH KPUTHUUYECKHE 3HAUYCHHUS.
CoOTBeTCTBYIONINE KPUTHYECKUE 3HAUCHUSI TMPUBEICHBI B padore [Sargan, Bhargava (1983)] . B
YaCTHOCTH, i1 ypoBHSA 3HauuMoctd 0.05 m 7= 21 kpuTuueckoe 3HaueHwe paBHO 1.069.
OpueHTUpYSCh Ha HEro, Mbl HE OTBEpracM THUIIOTE3y O TOM, YTO HaOIIOaeMble JaHHBIC
nmopoxaeHsbI porieccom MA(0).

CpaBuum ouenennsie Moaenu MA(0), MA(1) u AR(1) no kputepusim Akauke u llIBapia.
MA(0) | MA(1) | AR(1)

AIC | 1.123 | 1.098 | 1.081

SIC | 1.173 | 1.197 | 1.180



[IpeanoururensHOil MO Kputeputo Akauke siBiasieTcss moaesib AR(1), Torma kak ¢ TOYKH 3pEHHS
kputepus [lIBapua 6onee npeanouturensHa Moaens MA(0). Takoe monokeHHe B MPAKTHUYECKOM
aHaJM3€ BPEMEHHBIX PSIOB BO3HUKAET JOCTATOYHO 4YacTO: eciau kputepun Axamke u llIBapia
BBIOMPAIOT pa3HbIE MOJIENH, TO KpUTEpU AKanKe BBIOMPAET MOJIENb 00Jiee BBICOKOTO MOPSAKa.

IIpumep
OO6parumcs Tenepb K MPUBEICHHON B pasa. 3.1 peanuzamnuu mnpoiecca aBTOPErpecCu BTOPOro

nopsinka X;=1.2 X, | —0.36 X, + & . Ucnonb3ys BEIOOPOUYHYIO KOPPETIOTPaMMY, IIOCTPOEHHYIO 110
ATON peanu3aluy, Mbl (IIPaBUWJIBHO) HWIASCHTHU(PHUIMPOBAIM MOPAIOK 3Toro mpouecca. Cpenu AR
mopeneit nopsikoB 4, 3, 2 u 1 06a kputepust AIC u SIC Taxoke BbIOpaay MOAEIs BTOPOTO MOPSIKA.
OneHuBaHUE MOJEIM C HEHYJIEBbIM MAaTEMaTUYECKUM OKHUJAHUEM HEJIMHEHHbIM METOA0M
HaMMEHBIINX KBaJIPaTOB MPUBOJIUT K CIEIYIOIIUM pe3yJIbTaTaM.

Dependent Variable: X

Sample(adjusted): 3 500

Included observations: 498 after adjusting endpoints
Convergence achieved after 3 iterations

Variable Coef. Std. Error  t-Statistic Prob.

C 0.001015 0.330958 0.003067 0.9976
AR(1) 1.256580 0.041257 30.45723 0.0000
AR(2) -0.397095 0.041290 -9.617188 0.0000

Koppenorpamma psia 0CTaTKOB UMEET BH]T
ACF PACF AC  PAC Q-Stat Prob

-0.003 -0.003 0.0042

-0.005 -0.005 0.0165
3 0.000 0.000 0.0165 0.898
4 0.036 0.036 0.6866 0.709
5 0.037 0.037 1.3675 0.713
6 -0.086-0.085 5.0736 0.280
7
8
9

0.005 0.005 5.0882 0.405
-0.004 -0.006 5.0977 0.531
-0.002 -0.004 5.0993 0.648
10 -0.054 -0.050 6.5887 0.582
11 -0.014 -0.008 6.6897 0.669
1120.019 0.011 6.8676 0.738

Bce P-3nadenust nist ctatuctuku (O HamHoro Oosbine 0.05, Tak 4ro rWmore3a O TOM, 4YTO B
cneuu(UIMPOBAaHHON MOJENN COCTaBIAOIIME &  00pa3yloT mpolecc Oenoro Imyma, He



oTtBepraerca. He oTBepraercs Takxke v rurnoTe3a HOpMaJIbHOCTU & (P-3HaueHue B Kputepuu Jarque
— Bera paBHo 0.616). Bmecte ¢ Tem, oOlleHKa MaTeMaTHUECKOrO OXHUAAaHUSA Tporecca  X;
CTAaTUCTUYECKHA HE3HAYMMa, YTO MO3BOJIAET HE OTBEPrarh THIIOTE3y O HYJIEBOM MaTEMaTUYECKOM
oxugann AR(2) mpomecca. OueHuBas MOJAENTh C HYJEBBIM MAaTEMaTHYECKHM OXXUJAAHUEM,
[oJiy4aeM

Dependent Variable: X

Sample(adjusted): 3 500

Included observations: 498 after adjusting endpoints

Convergence achieved after 2 iterations

Variable Coef. Std. Error  t-Statistic Prob.
AR(1) 1.256581 0.041215  30.48807  0.0000
AR(2) -0.397096 0.041248  -9.627056  0.0000
S.E. of regression 1.036707 Akaike info criterion 2.91398
Sum squared resid  533.0816 Schwarz criterion 2.93089
Inverted AR Roots .63 -.05i .63+.05i

Hccnenyem mocienHIO MOJENh Ha ONTUMAIBHOCTh B yKa3aHHOM Bbimie cmbicie. C 3Toit
1ebIo nmpuBeneM ko3¢ unnents! orieHeHHBIX AR(2), AR(3) u AR(4) moxneneii u P-3HadyeHus AJis
TeX K0d()PHUIMEHTOB ABYX MOCIEAHUX MOJEICH, KOTOPHIC SIBISIOTCS “TUITHAME C TOYKH 3PCHUS
“ontumanbHOI” Monenn AR(2).

Mopaeanb Ko3¢duumeHTsl Npu nepeMeHHbIX
Xi—1 Xi—2 Xi-3 Xi—4
AR(2) 1.26 —0.40
AR(3) 1.25 —0.39 P =0.87
AR®4) 1.25 —0.40 P=0.72 P =10.56

Ora Tabnuia MOKa3bpIBa€T, YTO B MOJENSAX C HEOMPABJAHHO BBICOKUM TOPSAKOM ‘‘TUIIHHE
KOA(PUITMEHTBI OKa3aJIUCh CTATUCTUYECKU HE3HAUYUMBIMU, a KOA(DPHUIIMEHTHI TIPU TEPEMEHHBIX,
BKJIIOUEHBIX B “ONTUMAJIbHYIO” MOJIENb, IPAKTUYECKH HE MU3MEHSIOTCS NPU MU3MEHEHHMM IOpsAIKa
Mozenu. UMEHHO 3TO U XapakTepHu3yeT noio0panHyto Mmojenb AR(2) kak onTUMaIbHYIO.

WuTepecHo, HakoHel, OOpaTUTh BHUMaHHME Ha emie OAHO oOcToATenbcTBO. Kak MbI yke
OTMEYalld paHee, B TeopeTnueckor monenu AR(2), mo KoTopoil cTpowiach Hccleayemass HaMH
peanusanusi, ypaBHenue a(z) =0, t1.e. 1 -12z+0.36 Z2 =0, uMeeT JBOHHOI KOpeHb z = 5/3 =
1.67. DOrtoT KOpeHb OoibIlle EOUHUIBI, YTO OOCECIEYMBAET CTAIlMOHAPHOCTH IIpoliecca,
MIOPOXKAAEMOr0 TAKOM MOJENbI0. B TO ke Bpems, I ONTUMAIbHOW MOJENH, ITOJy4YEHHOM HAaMU B
pesynbrare Mmoadopa, COOTBETCTBYIOIIEE YpaBHEHHE HMMEET KOpPHH, OOpaTHble BeIMYMHAM,
YKa3aHHBIM B TIOCJIETHEN CTPOKE paCIeuaTKH pe3yJIbTaTOB OIIEHUBAHUS 3TON MOJIENU. Y Ka3aHHBIC B
3TOM cTpoke BeauurHbl paBHb (.63 & 0.051 , Tak 4TO camu KOpHH paBHBI z = 1.58 £0.1251 . Xots
9TH KOPHH, KOHEYHO, OTJIMYAIOTCS OT (ABOWHOTO) KOpHA ypaBHeHHUS a(z) = 0 B TeopeTHdyecKou
MOJIeTIM, TeM HEe MeHee 00a OHM OoJblle €AWHULBI 1O aOCONIOTHOM BEIUYMHE, a 3HAYMT,
nonobpanHas Hamu AR(2) Mozens Takxke sIBIsIeTCS CTallMOHAPHOM.



maBa 4. PerpeCcCUMOHHbLIN aHaNn3 AN CTauMOHapPHbIX
OO0 BACHALWMNX NepeMeHHbIX

[Ipexae, yeM NepexoauTh K U3JIOKEHHIO MaTepuasa 3TOW IJ1aBbl, 3aMETHUM, YTO B 3TOW TJIaBe
MBI HE GYIIeM pasjiniaTth B 0603Ha‘-IGHI/ISIX CJ'Iy‘-IElﬁHbIG BCJIIMYNHBI U UX Ha6JHO,Z[a€MI>Ie 3HAQYCHUA — B
000ux cirydasx OyAyT UCIIOB30BaThCS CTPOYHBIE OYKBHI.

4.1. AcuMmnmomu4eckasi 060CHO8aHHOCMb cMaHOapPMHbIX rpouyeodyp

B rtmaBe 1 MBI yke OTMEYanaW, 4TO PACCMOTPEHHBIC TaM CIydyaW, B KOTOPBIX MOXHO
HCIIOJIIB30BaTh CTaHAAPTHBIE MPOLENYPHl PETPECCHOHHOIO aHajau3a HECMOTpsd Ha TO, 4YTO
OOBSCHSIONTNE TIEPEMEHHBIE SBISIIOTCS cToXacTudeckumu (cutyanuu A, A’, B, C), He oxBaThIBalOT
HaI/IGOJIee HHTCPCCHBIX IJIA HAC MOILGHCIZ CTAllTMOHAPHBIX W HCCTALIMOHAPHLIX BPCMCHHBIX PAIO0B.
DT0 3aMe4YaHWEe OTHOCHUTCS M K IMPOKO HCIIOIB3yEMbIM Ha MPAKTHKE MOJECISIM aBTOPErPECCHHU, B
TOM YHUCJIC U CTAIUOHAPHLBIM.

PaccmoTpuM Mozens aBToperpeccun AR(p)

w=ataryiatayiaot .oty pte,
rie ¢ — WHHOBaluu, oOpazyromme mporecc Oeioro myma ¢ D(g) =0, DTy MOJENb MOXHO
MPEACTABUTh B BUJE JIMHEWHOW MOJIENIA PETPECCUN

Vi = xtTG té,
rae

=, v, V-2, ... ,y,_p)T, 0=(,a,a, ..., ap)T.

Ho MBI HE MOKeM HCTIONB30BaTh JJIA HEE PE3yJIbTaThl, MOTyUeHHbIE B cuTtyanusax A u B. Xota & u
X; CTaTUCTUYECKU HE3aBHCHMBI MPU S > { , OHU OKA3bIBAIOTCS 3aBUCUMBIMM YK€ Mpu § = ¢ — 1,
MOCKOJIBKY & -] YYacTBYET B (JOPMUPOBAHUU CIyUalHOM BEJIMYUHBI ), |, BXOJSIIEH B COCTaB X; .
DTO HapyllIaeT yClIOBUE, BXOAIEE B ONpeaesieHus cutyauuid A u B.

Mpb1 HE MOXKEM TaKXKe MCIOJIb30BaTh U PE3YyJIbTaThl, noiaydeHHble B curyanusax A u C. Tam
TpeOoBaNIOCh, YTOOBI YCIOBHOE pachpelesieHHe BeKTopa ¢ MpH (UKCUPOBAaHHOW matpuie X
umeno Bug N0, o 2y ) C HOJIOKHUTEJIbHO ONpe/ieSIcHHON (HEBBIPOXKIAEHHOW) Matpuuei V(B
cuTyauuu A’ 3To equHUYHag Matpuna). OgHako npu GUKCUPOBAHHBIX 3HAYCHUSIX X;+1 = (1, v/, i
s oo s Viep+ 1)’ ¥ X, 3HaueHWE & M3BECTHO C IOTHON OMPEIEICHHOCTHIO.

Tem He MeHee, ecniu AR(p) Mozienb cTallmoHapHa, TO MOJI0KEHUE BIOJTHE 0Jaronoay4yHo:



Curyauus D
® Mporecc ), MOPOKAACTCS MOJIEITBIO
vi=otaryiitay, o+ ...ta,y_, & (& —MHHOBALUM);
e BCE KOpHHU MOJIMHOMA 1| — a1z — ap 2 — .- a,z? =0 nexar 3a mpeneaamu eAUHUYHOTO
Kpyra;
o &,~iid,E(e)=0,D(e)=0">0,E(e,)=1u<o.

[Ipu BBHIMOTHEHUU MEPEYHCICHHBIX YCIOBHM, JUIS OLEHKH HAaHMMEHBIIMX KBagpaToB 6  BeKTOpa

n
ko3¢ ¢unuenros 6 = (o , a; , a» , ... , ap), NOIYYECHHON 1O 1 HAONIOJEHUSAM, BBIIOIHACTCS
COOTHOIICHHE

12 (A 24-1
n'"(6,-0)—NO0,0°0 '),
rae Q — NOJIOKUTENbHO OMPE/ENIEHHAss MaTPUILIA, IEMEHTHI KOTOPOM BbIpa)karoTcs B ABHOU (opme
yepe3 MaTeMaTH4ecKoe 0XKHMIaHUe U aBTOKOppeALuY npolecca ), . KoBapuanmonHas Matpuna o

1

0 ACUMITOTUYECKOIO paclpeesieHus] MOXKET ObIThb OLIEHEHa COCTOATENbHO MOCPEACTBOM
2y T -1

S, (X' X,/ n) ", 1 9TO O3HAYAET, YTO ACUMIITOTUYECKH OOOCHOBAHHBI CTATUCTUYECKHUE MPOLIEAYPBI,

TPaKTYIOIIHE pachpeneiieHne én kak N0, S,°(X,'X, ) ). (Bmecs X, — Marpuia 3HauyeHHIA
OOBSCHSIIOLINX MIEPEMEHHBIX B 7 HAOIIOJICHUSX. )

NupiMu CJIOBaMH, U B paCCManI/IBaeMOI\/JI CUTyallMd MOKHO IIOJIb30BaThCA CTAHAAPTHBIMH
MCTOAaMHU PETPECCUOHHOTIO aHalIn3a, UMEsl B BUAY UX ACUMIITOTUYCCKYIO 000CHOBAHHOCT.

Ecnu mepeiitu k mporeccaM, CTallMOHAPHBIM OTHOCUTENILHO JETEPMUHUPOBAHHOTO TPEHAA, TO
ClielyeT OTMETHTh BO3HHKAIOUIYI0 37eChb OCOOCHHOCTb, CBS3aHHYIO CO CXOJIUMOCTBIO
pacopeneneHns OIEHOK HaWMEHBIIMX KBaJpaToB K AaCHUMIITOTHMYECKOMY pachpesesieHuto. Mel
MOSICHUM 3Ty OCOOCHHOCTH Ha CJIEIYIOLIEM IIPUMEpE.

Ilycts psa y, mopoxkaaeTcst IpOCTOM MOJEIIBIO BPEMEHHOI'O TPEH A

nw=atpite,
e &,~iid,E(,)=0,D(,)=0 >0, E(e) = s < oo . Ecnm u 3aech 3anmucath MOJENb B
CTaHIApTHOH popme

yvi=x'0+¢, x,=,0", 0=(a p),
TO YTOOBI TOJYYHTh HEBBIPOXKJIEHHOE ACHMIITOTUYECKOE pPACHpeeSieHHe OIICHKH HAaWMEHBIINX

kBagpatoB 6, = (a,,f,), IPUXOAUTCSA HCIIOIb30BaTh PA3IMYHbIE HOPMHUPYIOIINE MHOMKHTEIIH:

(a,—a,) ymHOxaercs Ha T 12 a (B,—p,) ymHOXaerca Ha T 32 Opnako 310 paznuuune

KOMIICHCHPYETCSI T€M, YTO aHAJOTUYHBIM 00pa3oM BEIyT ce0s M CTAHAAPTHBIC OIIUOKU ISl ¢, |

B, Kak pe3ynbrar, 0ObIUHBIE f-CTATUCTUKU MMEIOT acumnroruueckoe N(0, 1) pacnpeneneHue.



WnupMu CJIOBaMM, MOYXHO HCIIOJIb30BaTh CTAHAAPTHYIO TCXHUKY PETPCCCHMOHHOI'O aHajin3a, UMCA B
BUAY €€ ACUMIITOTUYCCKYIO 000CHOBAHHOCTb.

Te e caMble MIPUHIIMITBI MOKHO HMCTIONB30BAaTh U JIJISl UCCIIEIOBAHUS MPoIiecca aBTOPETPECCHH
MPOU3BOJIBHOTO TOPSI/IKA, CTAIMOHAPHOTO OTHOCUTEIBHO JAETEPMUHHUPOBAHHOTO BPEMEHHOTO
TpeHa.

Curyamus E
e [polecc ); MOPOKAACTCS MOJEIbIO
vi=atpftrtaiyiitaryio+t...ta,yi—, & (& —MHHOBALMN);
e BCC KOPHH MOITHHOMA 1| — a1z — ayz° — ...— a,z? =0 nexar 3a mpeneaamu eAUHUYHOTO
Kpyra;
o &,~iid,E(e)=0,D(e)=0">0,E(e,)=1u<o.
[Ipy BBIMOJHEHMM ATHUX MPEINOJIOKEHUNH OOBIYHBIE /-CTATUCTUKU M CTaTUCTUKU gF (rne q —
KOJINYECTBO JIMHEHHBIX OTpaHWYCHU Ha K03 duumenTsl, a /' — oObIdHas F-CTaTHCTUKA KPUTEPHUS
JUISL TIPOBEPKH BBIOIHEHHS STHX OTpaHMYeHHil) mMeror acummrotmdeckue N0, 1) u  x*(g)
pacnpenenenusi. MOXHO MCHOJIb30BaTh CTAHJAPTHYIO TEXHHKY PErpeCCHOHHOTO aHalIM3a, UMes B
BUJly €€ aCUMIITOTUYECKYI0 0OOCHOBAHHOCTb.

Eciu He orpaHuYMBaTHCS MPOIIECCAMH aBTOPETPECCHH, HO OCTAaBaThCs B KJIAcCe CTAIMOHAPHBIX
Moneneﬁ, TO U B O5TOM cnyqae BCC€ CII€C MOXKHO HaACATHBCA HA BO3MOXHOCTH HCIIOJIB30BAaHUSA
CTaHJAPTHOW TEXHHUKH PErPECCHOHHOTO aHajm3a, OMATh HUMES B BHIY €€ aCHMIITOTHYECKYIO
000CHOBAHHOCTb.

PaccmoTpuM nuHEHY0 MOJEND
y=X0+e, X=X,
WY, B SKBUBAJICHTHOMW (hopme,
.. T —
vi=x; O0+e,t=12,...,n,
rie
_ T
xXe = (X1, X2, oo\ xtp) -
BEKTOP 3HAUYEHUH p OOBSACHAIOUIMX IMEPEMEHHBIX B /-M HAONIOJEHUU, U MyCcTh €, — OLEHKa
T
HAaUMEHBIIMX KBaJpaToB BeKTOopa Kodpduuuenros 6= (60,60, , ..., 0,)" , norydyeHHas 1o n
HaOmoneHusM. M3BectHo (cMm., Hampumep, [Green (1997)]), uto crhenmylomme TpH YCIOBUS
00ecIeunBarOT COCTOSATEIBHOCTh M ACHMITOTHYECKYIO0 HOPMAIBHOCTE €, TP 1 —> O :
. 1 n
. Dplim —thgt =0

n-

[B skBUBaneHTHOMU hopme: plim (7~ 'x,'e)=01;



o DPlim Zxx =

ni-

[B SKBHBaJEHTHOW (opme: plim(n"lX X ):Q] , Tne Q0 — MIOJIOKUTEIBHO
pez[eneH asi MaTpUIIA;

o X/_ng —)N(OGQ)

. 12T 2
[B skBHUBaneHTHOM hopme: (n~ "~ X, ¢) — N(0, 6°Q)].

(3meck plim — mpexaen Mo BEPOSITHOCTH; CTPEJIKa B TOCJICIHEM YCIOBUM 0003HAYAET CXOJAMMOCTD

0 pacmpesieNieHno.) Ecu 3Tu ycoBus BBIIOJHEHBI, TO MPU 71 — o0 , KaK U B cuTyanuu D,

Jn (6, -0)— N©, 0 ").

B pa6ore [Mann, Wald (1943)] aBTOpsl mokaszanu cienyroiiee (meopema Manna-Banvoa).
Ecmu

o DPlim Zx X, |=

e
[B skBHBasIeHTHOM popme: plim (- 'X," X)=0],rne O — nonoxuTensHO ompezeNneHHas

MaTpHIIA,

o ¢g,~iid,E(e)=0,D(g,) =02>0,Egt " <oo muaBcex m=1,2,

° E(x,&‘;):(), 121,2,
TO TOTJa BBHITIOJHEHBI TAKXKE TEPBOE W TPEThE YCIOBUS W3 MPEABLAYIICH TPOWKH YCIOBHIA,
00ecIeunBarOIIX COCTOSITEIbHOCTh U ACUMIITOTUYECKY0 HOPMAJIBHOCTh 6, Ipu 1 — oo.

3amertum, urto yciosue E(xeg,)=0, t=1,2,...,n,B coueranuu ¢ E(&,) =0, o3Havaer, 4To
Cov(xip,€)=0 ma k =1,2,...,p,
T.€. O3HAYaeT HEKOPPEINMPOBAHHOCTD 3HAUCHH OOBICHSIONINX NEPEMEHHBIX C & B COBIAQIAIONINE
MOMEHTEI BpeMeHU. YcioBue E &; ™ <oo muga Bcex m = 1,2, ..., BBIIOJHAETCS, B Y4CTHOCTH,
JUTSL HOPMAJIbHOTO pacTpeieNieHus & .

HI/ITI/IpOBaHHHe PE3YJIbTAaThl MOXKXHO O6T>6I[I/IHI/ITL TCIICPb BMECTC.

Curyanus F
[IycTe B nuHENHON MOIEnn

yt:xtT0+8ta t: 1525
rac
_ T
[ (-xtla Xt2y ees xtK) -



BEKTOp 3HaueHUH K OOBACHAIONIMX NEPEMEHHBIX B /-M HaOMOAeHUU, O — OlleHKAa HauMEHbIINX

KBaJpaToB BeKkTopa KodddunmuentoB 0 =( 01, 6, , ... , ), nodydeHHast 10 7 HAOIIOICHUSM.
[TycTh 7151 3TOM MOJENN BHIMOTHEHBI CIIESAYIONINE YCIOBHS:
n
. plim le,xtT =0 (T.C. plilenTXn =Q) ,
n—wo \ 1 n—w N
rae O — HOJOXKUTENBbHO OIpe/ieJIeHHasi MaTpHIia,

o ¢,~iid,E(e)=0,D(e)=0">0,E&, " <o mmiBcex m=1,2, ...,

o Cov(xip,e)=0 ma k =1,2,...,K.
Torma npu n — «©

Jn (6. 6) > NO, 0.

[Ipennonoxum Tenepb, YTO X; — CmayuoHapHvlii eexkmophwtil (K-mepnwtii) pso, Tak 4to

E(x;) =pu=const, Cov(x))=Q, Cov(xXi, Xt +s,1) = Vi (S)
Ipu Beex ¢, s A Kaxaou mapsl k, [ =1,2, ..., K. (3necy yu(s) — Kpocc-koppenayua 3HaYSHUN
k-oi1 1 [-01f KOMITOHEHT BEKTOPHOTO Psiia X,, pa3HECEHHBIX HA § €IWHUIl BpeMeHu. Eciu
paccMaTpuBaTh § Kak apryMEHT, a Yk (s) Kak GYHKLHUIO OT S , TO Y (S) — Kpocc-
KoppenayuonHana yuKyus k-oit v [-oii KOMIIOHEHT BEKTOPHOTO psifa x,.) Torma mepBoe u3 Tpex
YCIIOBUH, MepeUHCICHHBIX B cutyaruu F, obecriednBaeT BO3MOKHOCTh OLICHUBAHUS HEU3BECTHOM
KoBapuanroHHoOM MaTpulbl Cov(x;) = O MPOCTHIM YCPETHEHUEM TOCTYITHBIX HAOIIOCHHUIO
MaTpuIl X; x;| MO JOCTATOYHO JUIMHHOMY UHTepBany t=1,2,...,n.

B pamku cutyanuu F nmomeniaercs 10cTaTouyHO pacnpocTpaHeHHbId kiiacc ARX modeneir :

Vi@ ity ot tay Tz B,
rae

2=,z s Zad) s B=B1. P2y ..., B
[TomoOHast Moeh BIIMCHIBACTCS B CUTYalUIO F | eClii OI0XUTh

Xt =t 15Vt s Vi 215225 e s Z01)

0= (al, a, ... ,Clp,ﬁ1 ,ﬁz, ,ﬂM)T.
[TycTh 1uist 3TOM MOJETH BBIMIOJHEHBI CIEAYIOUINE YCIOBUS:

® Zz; — GTalMOHap bl BEKTOpHBIN (M-MEpHBIIT) psg;

!
. pllm—Zztth =0,,

n—o \ N ;—1
rae (), — HOJOXKUTEIBHO ONpeJelICHHAs MaTpULa;
e~1iid.,E(e,)=0,D(g;) = o > 0,Ee; " <o mmascex m=1,2,...;
Cov(zim,€)=0 nmna m =1,2,...,.M;
Cov(y,—j,e)=0 mma j =1,2,...,p;
BCE KOPHH ypaBHeHust a(z)=1—a z—ayz" — ... — a, z’ = 0 nexaT BHE SAMHUYHOTO KpyTa.



Torga (cm. [Green (1993)]) BbITIOIHEHO U TIEpBOE yCIoBUE cuTyanuu F, u npu n — oo
n'?(6,—0)— N0, 0.

[locnennee w3 TEpeUMCIIEHHBIX YCIOBUM, Kacarolieecs KopHed ypaBHeHus a(z) = 0,
obecnieunBaet cmadunvnocms monenu ARX. IlocnenHee o3Havaer, 4To MO Mepe MPOIBUKECHHUS B
Oynymiee (T.e. C pOCTOM [ ) yCTaHABIIMBAETCS ONpenesieHHas “0oicoepemennan” (long-run) cBsi3pb
MEK]y IEPEMEHHBIMU  V; , Zi1, Z12, ... ZtM > 11O OTHOIIEHUIO K KOTOPOM IMPOUCXOIAT AOCTATOYHO
OBICTPBIC OCHUIIISIUH.

4.2. JuHamu4eckue modenu

Cpemn paznmuudbix ARX wMopeneil, B 5KOHOMETPUYECKUX HCCIECAOBAHUAX IIMPOKOE
NPUMEHEHUE HAIUIU OuHaAMUuuecKue mooeau (Mooeau ¢ agmopezpeccCuoHHO pacnpeoeieHHbiMu
3anazovieanuimu — ADL )

V=awtaryirtayiot .o tapyept

+ Broxi, FPuxi it Pux o)t

+ ...t

+ws0xs,t+ﬁs1xs,t71+ +,Bsrxs, tfr) teé.
Jis Takoil MoJenu ucnonb3yloT oboznauenue ADL(p,r; s), Tae p — riyOuHA 3ama3bIBaHU 1O
NEPEeMEHHON ), , r — TiyOuHAa 3ama3fblBaHUN MO MEPEMEHHBIM  Xi ;, X2, ¢, ..., X5, ¢, HE
SIBJISIIOLIMMCS. 3aM1a3/IbIBAHUSIMU TIEPEMEHHOM ); , § — KOJIMYECTBO TakuX nepeMeHHbIX. [Ipu Takoi
(opMe 3amucH AOIMyCKAaeTcsl, 4YTO HEKOTOpble U3 KOX(PQHUIUEHTOB f; pPaBHBI HYJIO, TaK YTO
riryOnHa 3ama3/bIBaHuil MOKET ObITh PA3IMYHOMN IS Pa3IMYHbBIX IEPEMEHHBIX X, ;.

Monens ADL(p,r; s) MOXXKHO TIpEICTaBUTh B KOMITAKTHOM BHUJIE

allyyi=p+bi(L)x), + ... +b(L) x5, : + &,
rae

all)=1-ayL—ayL*—...—a,L?,

bi(L):ﬁio+ﬁi1L+ +,Bl'rLr, 1= 1, e, S
Eciu BBIIOTHEHO yCIOBUE CTA0OMIBHOCTH, TO V; TIPEICTABISIECTCS B BUJE

L S
a0 )

1 1
V= bl(L)xl,t+"'+Ebs(L)xs,t+—g

a(L) "’

NI

1
y,=——u+c(L)x , +...+c(L)x,, +

a(L) al)’"

rac



b,(L)

a(l)

JIOJITOBPEMEHHYIO CBS3b MEX/y IEPEMEHHBIMH MOYHO HANTH, 1MoJiarasi B BRIPOKCHUH IS )y
L=1, &=0.

I[1pu 5TOM MONMTyyaeM

C; (L)=

V, =L,u+cl(1)x1,, +...+c,(Dx, ,;

5,10
a(l) '
CTpPOTO TOBOPSI, B MOCIICHEM BBIPOKCHUH YKa3aHUE HA MOMEHT [ CJIEIYyeT UCKIIIOYHTh:
1
y=——pu+cDx +...+c,(Dx, .
a(1)
Koadpoumuentor ci(1), ... , ¢(1) B mociaenHeM COTHOUICHHH HA3bIBAIOTCS 007120CPOYHBIMU

mynomunauxamopamu (long-run multipliers). 1losicHuMm 5TO Ha3BaHWE Ha TPUMEPE MOICIH
ADL(1, 1; 1), koTopyto 3anuiieM B BUIe

(I-al)y;=pu+poxi+pix1 +e.
[lpu a; < 1 mosydaem paBHOCHIJIBHOE MPECTABICHHUE

1 1
Vi = (l—alL)'u-i_ (l_alL)(ﬂOXI +Bx, +5t)a

T.C.
yi=(+a+o’+. ) ut(A+aL+a’Ll*+ . )Poxi+ i xi_1 +e&),
13 KOTOPOTO MOCIEA0BATENbHO HAXOIUM:
8y¢/ Ox; = ﬁo 5
Oyi+1/0x, =0y /0x; 1= Pr+aifo,
OVi+2/ 0%, = O/ Oxs 2= 1 + a1 Po
OVi+3/0x;= Oy / OX—3= alzﬁl + 0613,30 ,
n T.0. [lpaBble 4YacTu [AOT 3HAYECHUS UMHYIbCHBIX MYAbMUNIUKAMOPOE, TIOKA3bIBAIOIINX
BIIMSTHUE €IMHOBPEMEHHOTO (MMIYJIbCHOT0) U3MEHEHHUS 3HAUCHUSI X, Ha TEKYyIIee U MOCIeaYyIoIIne
3HAYEHUs EPEMEHHOM Y, . [[pOCyMMUPOBaB MOTYyYEHHBIE BEIPAKEHUS, TOTyYAEM:
OVi/Ox;+ 0y /Oxi— 1+ 0Oy /OXy 2+ OV /OX4 3+ ... =
=fo(l+a+o’+. )+l +a+a’+..)=
=(1—aL) '(Bo+ B).
[IpaBast 9acTh 3TOrO COOTHOIICHHS, KaK JIETKO 3aMETHTh, MPEICTABISICT COOOHN JOJITOCPOYHBIM
MYJIbTUILIMKATOP paccMarpuBaemordr ADL(1, 1; 1). B cooTBeTcTBUU C J€BOM YaCThIO, 3TOT
MYJIbTUIUIMKATOP IOKa3bIBAET U3MEHEHUE 3HAYCHHMS ); IPU U3MEHEHUU HAa €IWHMILy TEKYIIEro U
BCEX NPEAbLAYIINX 3HAYEHUN IEPEMEHHOM X; .

[Ipexne, yem mepeliTM K pacCMOTPEHHMIO NMpHUMEpa OLEHHBaHUsA KOHKpeTHOH ADL mopnenw,
CJIeZyeT 3aMETUTh CIIETYyIOILEe.



HpI/I BBITIOJIHCHU N YCHOBHﬁ, 06€CHeqHBaIOIHHX BO3MOXHOCTh HCIIOJIB30BaHUA CTaHHapTHOﬁ
TEXHUKU PErPECCHOHHOIO aHain3a (MMeeTcsl B BUJY €€ aCUMITOTHYECKass 00OCHOBAHHOCTb — CM.
pasn. 4.1, cutyanus F):

OOpiuHas t-craTucTka uMeeT acumnTorudeckoe N(0,1) pacnpenenenue.
Ecmm F — oObruHas F-CcTaTUCTUKA TSI TPOBEPKHU THUIIOTE3bI O BBHIMIOTHECHUH ¢ JIMHEHHBIX
OrpaHUYEHUI Ha KOA(PPHUIMEHTH MOJEIH, TO CTATUCTHKAa ¢F WMeeT aCUMOTOTHYECKOe

2
X~ pacnpeziefieHue C ¢ CTENEHSMHU CBOOO/IbI.

[Ipy yMepeHHOM KOJIMYECTBE HAOJIOJEHUN NapajuleJbHO C  ACHUMITOTHYECKUMU
pacopeneneHusMd Uit ¢ U gF  MOXHO Ui KOHTPOJS HCHOJb30BaTh M TOYHbBIE
(cranmaptHeie) pacnpenenenus (pacrpeneneHue CTbhIOAeHTA IS 1-CTaTUCTHUKH,
pactipeaenenne dumepa mist  F-cratuctuku). CoOriiacOoBaHHOCTh MOJTYYaeMbIX TPH 3TOM
pe3yJIbTaTOB  MOJKPEIUIAET  YBEPEHHOCTh B NPABUJIBHOCTH  COOTBETCTBYIOIIUX
CTaTHUCTUYECKUX BBIBOJIOB.

[Ipy Hamuuymu B MpaBOil YacTH 3ama3[bIBAIONIMX 3HAUYCHUN OOBACHAEMOHN MEepeMEeHHOMN
MPOBEPKY THUIIOTE3bI 00 OTCYTCTBHHM aBTOKOPPEIMPOBAHHOCTH y psAga &  CIeAyeT
MIPOU3BOANTH, UCTIONB3YsI Kpumepuit bpoiwa — I'oogppu. Kputepuii Jlapouna — Yorcona
HE TOJIUTCS JUISl 3TOW 1IeTN, TOCKOJBKY B JAHHOM Cy4yae 3HaueHUs cTaTUCTHKU [lapOuHa —
Yorcona d cMelieHbl B HaNpaBleHWU 3HA4YeHUs1 d = 2, TaK YTO WCIOJIb30BAaHUE TaOJIHIL
Hapbuna — YoTcoHa NPHUBOAUT K HEONPABIAHHO YacTOMY HEOTBEP)KEHHUIO YKa3aHHOM
TUTIOTE3bI (“TIPE3YMITIHSI HEKOPPETUPOBAHHOCTH & ).

[Ipumep
Paccmotpum monens ADL(3, 2; 1)

(1-0.5L—0.1L>—0.05L%) y,=0.7+(02+0.1 L+0.05L%) x, +¢,.

g HaxoKJIeHUs JOJATOBPEMEHHOM CBSA3M MEXIy IEPEMEHHBIMM ) U X mosaraeM L =1 un & =

O.

(1-05-0.1-0.05)y=0.7+(0.2+0.1 +0.05) x,
T.e. 035y =0.7+0.35x, unu

y:

2+x.

Ha npuBoguMom Hmke rpaduke MpeacTaBICHbl CMOJICIMPOBaHHas peanm3anus psaga  x;= 0.7x,; +
&t » &u ~i.0.d. N(0O, 1), u cooTBeTcTBYIOIAs €il peanu3auus psjua y; , HOPOKAAEMOro yKa3aHHOU
moxaenbto ADL(3, 2; 1), rtne & ~ i.i.d. N(O, 1), mpuueM psig & TOPOXKAACTCS HE3aBUCUMO OT Psija
&y . B KauecTBe HAYaJIbHBIX 3HAUYCHHUH MTPU MOJICIMPOBAHUH ObUIH B3ATHL: X1 =0, y1 =1, =y3 =0.



NMes B pactiopspKEHUH TOJBKO ATH JIBE pean3allii, Mbl HE 3HAeM, C KAaKOW MOJICIIBIO UMEEM JIETIO.
HauHeM ¢ olleHMBaHUS CTATUYECKON MOACTH y; = u + fx,+ & METOJOM HAaMMEHBIIUX KBAJIPATOB; B
pe3yibTaTe MmojydaeM OIeHeHHYI0 moaenb ), = 1.789 + 0.577x; + e, , tne e; — psig OCTaTKOB.

I'paduxk psna ocTaTkoB MMEET BHL:
4

2

0

"o 20 30 40 50 60 70 8 90 100
3nech oOHapyKUBAETCs SIBHAsI aBTOKOPPEIMPOBAHHOCTD Psijia OCTATKOB, KOTOPAsl MOATBEPKAAETCS

IIOCTPOEHHOM JIJIs1 HEr0 KOPPEIOrpaMMoOn
ACF PACF AC PAC Q-Stat Prob

s Rk 1 0.6960.696 49.981 0.000

[k ¥ 20.536 0.099 79.868 0.000
L EEE * . 30.364 -0.081 93.801 0.000
L - 4 0.227 -0.056 99.279 0.000
J* e 50.130-0.015 101.10 0.000

. .. 6 0.057 -0.020 101.46 0.000
u kputepueMm bpoiima — ['ogdpu ¢ 3ana3apiBaHMEeM Ha OJHMH IIAT, KOTOPBIA NaeT P-3HayeHHe
0.0000. D910 03HauaeT, YTO MBI MMEEM JICJI0 HE CO CTAaTHYECKOH, a ¢ AUHAMHYCCKON MOJEIIBIO.




[ToaTomy crieyeT mpekae BCErO PacCMOTPETh XapaKTep MOBEACHUS 000UX PSIOB M IIPOU3BECTH UX
UACHTU(DUKAIIHIO.
[ns psga x; KoppenorpaMma UMEET BUL

ACF PACF AC  PAC Q-Stat Prob
[k R ] 0.686 0.686 48.468 0.000
L |EE . 2 0.429-0.079 67.594 0.000
J* * . 3 0.193-0.13271.527 0.000
- . 4 0.024 -0.066 71.591 0.000
. | . 5-0.058 0.003 71.958 0.000
* . . 6 -0.140 -0.107 74.090 0.000

ITo sToit KOppenorpamme psia x; uaeHTupuuupyercs kak AR(1).
Jns psima y; KoppejorpaMMa MMeeT BUJT

ACF PACF AC PAC Q-Stat Prob
[ LEEEEER ] 0,767 0.767  60.58 0.000
[ N 2 0.629 0.100 101.75 0.000

|****

- 3 0.494 -0.042 127.37 0.000
- 40.399 0.019 144.32 0.000
CEE . 50.318-0.003 155.21 0.000
| - 6 0.257 0.004 162.38 0.000
TaK 4TO W 3TOT psi uaeHTHguuupyetcs kak AR(1).
Takol mpenBapuTENbHBIM aHAIN3 OTPAHHUYMUBACT paccMoTpeHue monensto ADL ¢ rmyOuHoi
3amna3/bIBaHUl, PABHOU €IMHHULIC:
vi=utayio1tpoxitpix1te.
OnenuBas Takyro moaens ADL(1, 1; 1), momydaem:

Dependent Variable: Y
Variable Coefficient Std. Error t-Statistic Prob.

C 0.558588 0.157276 3.55163 0.0006
Y(-1) 0.695204 0.066095 10.51828 0.0000
X 0.208971 0.126135 1.65673 0.1009
X(-1) 0.161690 0.132352 1.22166 0.2249

AHalu3 OCTaTKOB HE BBISBIISIET aBTOKOPPEIMPOBAHHOCTH (P-3HaueHue kpurepus bpoitma—I ondpu
npu AR(1) anbrepHaruBe paBHO 0.164), He BBIABISIET 3HAYMMBIX OTKIOHEHUH OT HOPMaJbHOCTU
pacripenenenust &  (P-3nadenue kpurepus Jarque — Bera = 0.267), He oOHapyXHuBaeT
reTepoCKeNACTUYHOCTH (P-3HaueHue kputepus Yaira = 0.159), Tak 4TO MOXHO, OmMpasich Ha
NpUBECHHBIE BbIIIE (AKThI, UCIOIB30BATH ACUMIITOTUYECKYIO TEOPHUIO CTATUCTUYECKUX BBIBOJOB U
Ha €€ OCHOBE HCII0JIb30BATh PE3YJIbTAThl, IIOJyYaeMble IIPU IPUMEHEHUH #- U F-KpUTEpHEB.

[Tpu mpoBepke runore3sl Hy: fo = f1 = 0 momydyaem mpu UCIOJIb30BaHUU F-pacnipenencHust P-
snauenne 0.0032; MpH HCIIOIB30BAHHH ACHMITOTHYECKOTO pacmpencnenus y°(2) momyuaem P-



3nagenne 0.0022. B oboux ciydasx sTa rumore3a orBepraercs. VIckitoueHWe W3 MpaBOil yacTu
MOJIETIH 3ara3AbIBaloNIeld IepeMEeHHON X, | , KOO(PHUIUEHT NPU KOTOPOH CTAaTUCTHYECKU HE3HAYHM

U UMeeT Oorpiiee P-3HadeHue, 9eM KOA(PPUITUESHT MPU X, , TaeT:
Dependent Variable: Y

Variable Coefficient Std. Error t-Statistic Prob.

C 0.517868 0.154098 3.360648 0.0011

Y(-1) 0.719738 0.063131 11.40064 0.0000

X 0.310343 0.095241 3.258511 0.0015
R-squared 0.637523 Mean dependent var 1.844751

Adjusted R-squared 0.629971 S.D. dependent var 1.709520
S.E. of regression  1.039901 Akaike info criterion 2.945962
Sum squared resid 103.8138 Schwarz criterion 3.024602
Log likelihood -142.8251  F-statistic 84.42207
Durbin-Watson stat 2.256404 _ Prob(F-statistic) -0.000000

3I[CCB BCC KO3(1)(1)I/II_II/ICHTBI HMCIOT BBICOKYIO 3HAUYUMOCTDb, 4 OCTATKU BIIOJIHC YAOBJICTBOPHUTCIIbHBI.

Ecnu w3 npenpiaymieil MO UCKIIOYUTh HE X 1, & X ;, TO 3TO IPUBOJUT K OLICHEHHOH
MOJICIIN
Dependent Variable: Y
Variable Coefficient Std. Error t-Statistic Prob.
C 0.567821 0.158600 3.580215 0.0005

Y(-1) 0.692523 0.066673 10.38690 0.0000

X(-1) 0.305939 0.100582 3.041698 0.0030
R-squared 0.632818 Mean dependent var 1.844751

Adjusted R-squared 0.625169 S.D. dependent var 1.709520
S.E. of regression  1.046627 Akaike info criterion 2.958857
Sum squared resid 105.1611 Schwarz criterion 3.037497
Log likelihood -143.4634  F-statistic 82.72550
Durbin-Watson stat 2.221594  Prob(F-statistic) ~0.000000
[To xputeputo IlIBapia 4yTh O0j€€ MPEAMOYTUTEIHHOM BBHITISIUT MOJACIb C UCKIIOYEHHON X, | ,
TaK 4TO Ha HEM MOYKHO M OCTaHOBUThCA. [locMOTpUM, K KAaKOMY JOJTOBPEMEHHOMY COOTHOILEHUIO
NPUBOJUT TAKAST MOJIEIb.

WTak, MBI OCTaHaBIMBaeMCs Ha OLIGHEHHOI MOAeIH

(1-0.720L) y,=0.518 +0.310 x, + ¢, .
[lonaras L =1 u e =0, nomyuaem: 0.28 y; = 0.518 + 0.310 x; , Tak 4TO OITOBPEMEHHOE
COOTHOIIICHHUE OIICHUBACTCS KaK

y=1.839+1.107x.
DTO COOTHOIIEHUE, KOHEYHO, HECKOJIBKO OTIIMYaeTCs OT TeopeTndeckoro. [locmorpum, oiHaKo, 4TO
nano Obl oLleHMBaHKE AuHaMUUeckoi Mmojenu ADL(3, 2; 1). OueHnuBas Takylo MOJIEIb, IOJTy4aeM:

Dependent Variable: Y
Variable Coefficient Std. Error t-Statistic Prob.

C 0.539617 0.174057 3.100239 0.0026




Y(-1) 0.590293 0.105583 5.590795 0.0000

Y(-2) 0.153936 0.120517 1.277303 0.2048
Y(-3) -0.031297 0.099814 -0.313555 0.7546
X 0.205570 0.129483 1.587626 0.1159
X(-1) 0.191959 0.153608 1.249666 0.2147
X(-2) -0.024779 0.138389 -0.179053 0.8583
R-squared 0.643818 Mean dependent var 1.882787

Adjusted R-squared 0.620072 S.D. dependent var 1.706160
S.E. of regression  1.051648 Akaike info criterion 3.008022
Sum squared resid 99.53667 Schwarz criterion 3.193826
Log likelihood -138.8891  F-statistic 27.11327
Durbin-Watson stat 1.999213 _ Prob(F-statistic) ~0.000000
Ecnu HaliTu AOJTrOBpEMEHHOE COOTHOIIEHHWE MEXKIY V M X Ha OCHOBE TaKOro OLIEHEHHOTO
YPaBHEHUS 10 TOM KE CXEME, YTO U MPEXKJE, TO MOIYyUAEM:
y=1.882 +1.300 x,
U 3TO COOTHOIICHHE OTHIOAb HE OJIIKE K TEOPETHUECKOMY, YeM TO, KOTOPOE MbI MOIYyYUIIH TI0
penyuupoOBaHHOMY ypaBHeHUIO. Bopouem, u no kpurepuio llIBapua monHas oleHEHHass MOJAEHb
Xy’K€ peayLIUpPOBAaHHOM.

4.3. BekmopHasi asmopezpeccus

[TonynapHOl MOZENbIO CBSI3W MEXKAY BpPEMEHHBIMU pSIaMH  SIBISICTCS  8eKMOPHAA
asmopecpeccusa (VAR — vector autoregression).
B cBoeii mpocreiinieii ¢dopMe Takas MOJENb CBS3bIBACT JBa psAda Vi, U Yy CIEAYIOUUM
o0Opazom:
Yu=m Ty, -1t way, -1t e,
Yu=ttmiay, -1 t w01y, -1t éx,
T.€. , B OTJIMYUE OT MPOCTOT0 MpOIecca aBTOPETPECCHH, 3HAUCHUE ), CBSI3BIBACTCS HE TOJBKO C
3amas3/iblIBaHuEM )i.| , HO M C 3ama3iblBAaHUEM ), | BTOPOW MEpeMEHHON )y, . CiyuaiiHble
BEJIMUUHBI €1, U &) SABISAIOTCA UHHOBAUUAMU :
o Cov(gy,e,)=0 mna t#s npumobsix j,/=1,2;
o Cov(ei,y,i-»)=0 mast r>1npumobsx j,l[=1,2.
B T0 xe Bpewms, Ajid COBMAIAIONIMX MOMEHTOB BPEMEHH CIIyYaWHbIC BETUYHHBI &£, U &y MOTYT
OBITH KOPPETUPOBAHHBIMHU.

Mogenb BEKTOPHOW aBTOPETPECCHU Ui JIBYX PSIOB JIOMYCKAET BKIIOUEHHE B NPaBble YaCTH
yYpaBHEHWH [UIE ), W V3 W OOJNBIIETO KOJUYECTBA 3ama3fbIBAaHUA STHUX IEPEMEHHBIX.
HauGonpmmii mopsiIoK 3ama3ablBaHuil, BKIIOYAEMbBIX B TPaBYIO YacTb, HA3bIBACTCS HOPAOKOM
BEKTOPHOW aBTOperpeccuu. Eciu 3TOT MOpsSAOK paBeH p , TO AT TaKOW MOJETHM HCIIOJB3YIOT
ob6oznauenne VAR(p).



B o6miem cinydae paccMatpuBaeTcss k BPEMEHHBIX PAIOB Vis, Vo -..» Vi - MOJCITH BEKTOPHOM
ABTOPETPECCHH TIOPSIIKA p TPEAINOJIaraeT, YTo CBA3b MEKIY STHMH PSAJIaMH HMEET BH/L
ye=mtmuuy,eatmTuayn,e-2 to ot Ty, et
trpayy ot w2y e 2t ot TRy p T
+ ...+

Tt Vi T T2 Vo2 T o T T lkp Vige-p T €1

Yu=pot miay, -1t a2y, -2t ...
t w1y, -1t T2y, -2t ...

+...t

T ok 1 Vi t-1 T Tu2 Ve, t—21 ...

Vit =Mt Ta Yy, 1t T2 yie-2 o
t o1y, -1t T2y, -2+ ...

+...+

T A A Vit 1T T2 Ve -2 1 ...

taup Y p Tt
tTonpyai-pt

t Tokp Vit-pt &€,

+ TkipVl,t-p +
tTpyei-pt

+ T idkep Vi, t—p + é&xe s

rae 7, - KooGdUIUeHTt npu y;, , B YPaBHEHUM AT Vi, .
3nech €14, &, ..., & — CAyYAHBIC BETHYUHBI, 1T KOTOPBIX

o Cov(gi,e,)=0 ma t#s npumobsx j,I=1,..,k;

o Cov(gir,yi,i-»)=0 mna r>1npumobsx j,l[=1,..,k;

e Cov(gj, &) MOTYT OTIMYATHCS OT HYJIS.
CnyuaiiHple BETUYHUHBI &/ , € , ..., & O0PA3YIOT CIyYalHBIA BEKTOP &= (€17, €2 5 ---s ekt)T ,
KOMIIOHEHTBI KOTOPOT0 HEKOPPEIMPOBAHBI 110 BPEMEHU M HE KOPPEIUPOBAHBI C 3ala3/bIBAIOIIUMU
3HAUEHUSAMU TEPEMEHHBIX  Visy Vi ..., Vig . OJTOT BEKTOP HA3bIBAIOT GEKMOPOM UHHOGAUUIL

(06HO06GIEHUIL) OMHOCUMENILHO UHPOPMAUUOHHO20 MHOIICECMEA
Yt—1=(y1,l‘fl 3y1,l‘72 9 e 7y1,l‘fpa o 5yk,lfl ,yk,t72 9 e 7yk,l‘7p) .

IIpumep
Paccmotpum cnepyromryto moaens VAR(1) nnst ayx psnoB (k=2,p = 1):
yie=06+07y1,,.1+02y,,1+eu,
Yo = 04+0.2 Vi, t-1 +0.7 V2,11 + & .
[TpuBoguMBIid HIKE TpaduK WUTIOCTPUPYET MOBEACHHWE CMOJCIUPOBAHHON TMapel  Vi;, Vi
MOpOXKAAEMOM 3TOM Mozenbto st ¢ = 2, 3, ..., 100. B xauecTBe HauaIbHBIX 3HAYCHUI OBLITU B3STHI
yii=yn =0; &, U &; MOAECTUPOBAINCH KaK HE3aBUCHMbIC CIydyailHble BEIMYMHBI, UMEIOIINE
OIMHAKOBOE HOpMalbHOe pacrpexenerne N(0, 0.17).
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Mpl BUAMM, YTO C TEUEHHUEM BpPEMEHHM MOBEIEHHUE PSAAOB CTAOWIM3UPYETCS: OHM OCLUUILTUPYIOT
BOKpPYT YCTaHOBUBIIMXCSI ypOBHeH. BTopoil rpaduk mokassiBaeT, 4TO yCTaHOBMBIIUIICS ypOBEHb
JUISL psga )i, TPEBbIIIaeT YCTAHOBUBLIMICS YpPOBEHb IJIS psina )y, npubnusutensHo Ha 0.4
(cpennee apudmeTnueckoe pasHOCTH Vi, — V2, paBHO 0.403). Takoit xapakTep MOBEACHHUS Mapbl
V1, Y2r YKa3bIBaeT Ha CTAOMIBHOCTD JaHHOU Monenn VAR .

[Ipeackazath CTaOWIBHBIN XapakTep TOBEACHHS peaau3aluii psAaoB, CBs3aHHBIX VAR
MOJIeTIbIO, MOXKHO, aHanu3upys Kodpdumuertsl moaenu. s storo ymobHo 3amucate VAR(p)
MO 11 k psIoB B OoJiee KOMITAKTHOU opme

w=utlhyi oty ot . I,y pte,.

3necn
T T T
yl‘:(yllayZla"'aykl‘) 9 ,u:(,uh,u25"'9,uk) ) gl:(glla((;?.l‘""agkl‘) )
II,= (7 ;) — maTpuna pasmepa k X k KOIPPULUUEHTOB IPH Vi ;> V2, t—r» --- » Vi i—r B Kk

YPaBHEHUSX.



ITocnenguee MNpEaACTAaBJICHHUEC MOYKHO 3aIlIMCaTh KaK

vi—-Ihyioi=Ihy,o—... =1Ly p=ute;,
(i~ L-TL L~ ... L, ")y =u+e,,
500041
AL) yi=u+ey,
rae
AL =L T L-TL 1> ... -1, I”.

Ycnoseue cmabunvnocmu taxoit VAR monenu cocTouT B ClaeAyOIIEM:
e Bce k xopHeil ypaBHEHHS
det(ly —zTl, - 22Tl — ... -2’ T,)=0 (r.e. det A(z) = 0)
JeXaT 3a npefesaMu eIMHUYHOTO KPyra Ha KOMIUIEKCHOM MIOCKOCTH (T.€. MOIyNH BCeX Kk
KOPHEW OOJIBbIIIC SMHMIIBI).
Ecnu 37O ycioBue BBINOJNHAETCS, TO INpPU MPOABHUKEHUHM BIIEPE] MO OCH BPEMEHU CHUCTEMA
IIOCTENIEHHO ‘‘3a0BIBA€T’ O TOM, IIPU KAaKUX HA4YaJbHBIX 3HAYEHHAX ) |, )2, ... , ), OHA Hadana
peann3oBbIBaThCs. CTaOUIBHOE COCTOSIHUE CHUCTEMbl HAXOAMUTCS MyTeM MpUpaBHUBaHuA L =1 u
g, =0. IIpu aTOoM nonyvaem
Ay =u,
TaK YTO CTAOUIILHOE COCTOSTHUE OMpeesieTCs KaK

=4 (.

[Ipumep
[Tponomxum paccmorpenne Mmoaenu VAR(1) ans AByx psanoB

Y:=06+07y,,-1+02y ;1 +e&1u,
v2=04+02y,,,1+07y,1+ex.

B xoMImakTHO# opMe 3Ta CUCTEMa HMEET BUJT
ye=ut+tIliyi1tes,

rac
», 0.6 0.7 0.2 &,
Y= , M= 5 Hl = ,» &= >
¥, 0.4 02 0.7 &,
NN
AL yi=ptey,
rac
1 0 0.7L 0.2L 1-0.7L -0.2L
A(L)=1,-T1,L = = = :
0 1 0.2L 0.7L -02L 1-0.7L
TaK 4To

| 03 702y L (64
= -02 03) b= 4 6)



VYpasaenune det A(z) =0 mpuHUMAET 37€Ch BHI

1-0.7z -0.2z
det A(z) = =0,
-02z 1-0.7z
Te. (1-0.72°-(022)7>=0, wm (1-092)(1-0.52z)=0.06axkopus z=1/0.9 u z=1/0.5
6ompie 1, T.e. ycoBue CTaAOMIBHOCTH BBITIOJIHSIETCS.
JlonrocpoyHoe (cTaOMIIbHOE) TOBEICHHE CHCTEMBI HAXOJIUM 110 (OpMYyIIe

6 4)0.6 52

A '"Mu= = .
o= A a=l 1 04)7 | 4s

Taxum 006pa3oM, CTaOMIIBHOE COCTOSIHUE CUCTEMBI OMPEEIISETCS 3/1eCh KaK

yvie =52, yu=4.8,
TaK 4TO CTAOMIIBHOE COCTOSIHUE PA3HOCTH )1,— V2; €CTh

Yi—)V2 = 04.
COOTBETCTBEHHO, C TCUYCHHEM BPEMEHHU, HE3aBUCUMO OT HAYAIBHBIX YCIOBHH, PO )|, HAYMHACT
OCLIMJUTUPOBATh BOKPYT YpOBHS 5.2, a psiA y»; HA4YMHAET OCIMJIIUPOBATH BOKPYT YpOBHS 4.8;
pasHoctb  (yi; — y2)  ocuwmmupyer Bokpyr ypoBHs 0.4 . VMmeHHO Takoe TMOBeIeHUE
CMOJICIMPOBaHHBIX peanu3aluii paccmarpuBaeMoit VAR(1) mbl u HaOmr0ga1M paHee.

BektopHble aBTOpErpeccuu, onpeieIeHHble TaK, KaK ObUIO yKa3aHO BBIIIE, HAa3bIBAIOT TAKKE
3amkHymoimu VAR, otnuuas TeM cambIM 3TH MOJENIU OT omkpwuimwix VAR, B mpaBble 4yacTH
KOTOPBIX Hapsily C 3ara3/blBalOLIMMK 3HAYEHUSMH MEPEMEHHbIX, HaXOSAMMUXCS B JIEBBIX YaCTIX
YpPaBHEHUU (IHOOZEHHbIEe nepeMeHHble), BXOINAT WM HEKOTOPbIE JApYyIMe IIEpEMEHHBIE M UX
3ana3JbplBaHusl  (IK302eHHble nepemennvie). IIpoBons pasnuuue MeXAy OSHAOT€HHBIMH U
9K30T€HHBIMU [E€PEMEHHBIMH, IIO-CYIECTBY NPEANONAraloT, YTO 3HAYEHMs] IK30T€HHBIX
HNEpEeMEHHbIX (OPMHUPYIOTCS BHE pPAacCMaTpUBAEMOM CHCTEMBl , a 3HA4YEHUs DSHJOTCHHBIX
NEPEMEHHBIX MOPOXKJIAIOTCS B paMKax 3TOoM cucteMbl . DaKTUYECKH, CHUCTEMa B 3TOM Cllydyae
paccMaTpUBaeTCs Kak YCJIOBHas MO OTHOIIEHUIO K 3K30T€HHBIM NEPEMEHHBIM. 3aMETHM, YTO B
3aMKHYTOM VAR 3K30Tr€HHBIE IEPEMEHHBIE OTCYTCTBYIOT.

OtkppiTyto VAR MOKHO NpEACTaBUTH B BUJIE

ALYy, =u+B(L)x;+ &4,
rne

ALY =1-TL L-T, L* — ... — 1L, I*

u B(L)— maTpuyHbIE TTOJIUHOMBI.

Eciu Bce pemienus ypaBHeHus detd(z) = 0 nexaT 3a mpeneinaMu eAWHWYHOTO Kpyra Ha
KOMIUIEKCHOM MJIOCKOCTH, YTO HEOOXOAMMO JUIsl OOecredyeHus: cTaOUIbHOCTH CHCTEMBI, TO TOIJa
CIIPaBEJIMBO TAK)KE NPEICTABICHNE

ye=A Qu+ QL x+ A D) e,




e C(L) = A '(L)B(L) — nepedamounan Pynxyus (transfer function). ®yuxims C(L) —
MaTpuyHas (yHKIMS; OHAa  yCTAHABJIMBACT BIMSHUE EIWHUYHBIX H3MEHEHMH B SK30T€HHBIX
NIEPEMEHHBIX Ha 3HJIOT€HHBIE IEPEMEHHBIE.

Jlonzospemennyro (0onzocpounyrw, cmadunvuyro, long-run ) ceazp Mexay >K30T€HHBIMH U
SHJOTC€HHBIMU NIEPEMEHHBIMU MO>KHO HalTH, IoJIarasi B IMOCJEIHEM NpeAcTaBieHun L =1 u ¢, =
0. ITpu 3TOM monyyaem:

ye=A" D) p+ C(1) X,

Marpunia C(1) HaspIBaeTcs Mmampuueil 00120CPOYHBIX MYyaAbmunaukamopos. LEe (i, j)-ii
snaeMeHT  c;(1) mpejncTaBnsger BIMSHHUE €IMHUYHOTO M3MEHEHMS Xj; Ha )V B JIOJTOBPEMEHHOM
I1aHe (CM. UHTEPIPETALHIO 00JI20CPOYHBIX MYIbMUNIUKAMOPOE B pa3ll. 4.2).

IIpumep
Ha 6aze paccmoTpenHoi Bbiie 3aMkHyTOM Mozaenu VAR(1) mist AByX psiioB MOCTPOUM
OTKpBITYI0O VAR
Yir = 0.6 + 0.7y1, -1 + 0.2)/2’ -1 +0.1 X1, -1 + 0.2)62, [+ E1t
y2=04+02y;,,1+07y2,,-1+02x;,,+04x2,1+¢ex.
31eck u v MatpuuHsblil nonuHom A(L) — Te e, 4To U paHee, a

0 02) (0.1 0 0.1L 02
B(L)=B,+B,L= + L= ,
02 0 0 04 02 04L

TakK 4TO
B) =B+ B - 0.1 02
ST 02 04)

Marpuna A0AroCpOYHbIX MYJIBTUIIIIMKATOPOB paBHA

. 6 401 02 14 2.8
Cc(h)=4 (1)B(1>=(4 6}(0_2 0,4]:[1.6 32}’

TaK 4TO CTAOMIBLHOE peHICHUC €CTh

b2 52 1.4 28\ x
= + ,
», 4.8 1.6 3.2 ) x,
T.C.
v, =52+1.4x +2.8x,,
v, =4.8+1.6x, +3.2x, .
Hwuxe npuBeneHsl rpadukd CMOAETMPOBAHHBIX peaM3aluil 3TOW OTKPBHITOW CHCTEMBI B Clyyae,
KOTZla X, ; U Xz , — He3aBUCUMBIE ApYT oT apyra AR(1) psasl,
X1, ¢t = 0.7 X1, -1 + Vie, X2, = 0.5 X2, t-1 + Vor, Vi B Vo~ i.id. N(O, 1)
B kauecTBe Ha4aIbHBIX 3HAYECHUN IIPU MOACIUPOBAHUU B3SThI
e xi11 = x21 =0, yi1 = y2a1 =0 (Bapmant 1)



e X1 =x2 =0, Yy = 5.2, B2 =4.8 (BapI/IaHT 2)
B pesynbrare nosnygaem:

‘H‘1‘0‘”‘2‘0“HS‘OH“4‘0”“5‘0““6‘0‘”‘7‘0‘”‘8‘0‘”‘9‘0‘”1‘00 ‘H‘1‘0“”2‘0‘”‘:%‘0”“4‘0““."3‘()‘”‘63‘()‘“‘7‘0‘”‘8‘0‘”‘9‘()‘”1‘00

— Y1 Y2 — Y1 Y2

B mepBom cmyuae, W3-3a HECOOTBETCTBHS HAYaJbHBIX 3HAYCHUH TIEPEMEHHBIX CTaOMIBHBIM
COOTHOILEHUSM, CUCTEME TpeOyeTcs HEKOTOpOe BpeMsl, YTOObI BBIMTH Ha cTaOWiIbHBIN pexxum. Bo
BTOPOM Clly4a€ HayaJbHbIE 3HAYEHUS [EPEMEHHBIX COIJIAaCOBaHbl C JOJTOBPEMEHHBIMU
COOTHOILEHUSMH MEX]y IePEMEHHBIMHU.

PaccmoTpum crnenyromyto 3aMkHyTyr0 VAR(1) a1 ABYX nepeMEHHBIX:

yie=08y1,,-1+02y 1 +eu,

Yu=02y1,,-1+08y,1+ey.
Jnist 5T0M cucTembl

Y| (0.8L 02LY y, &,

v, ) 020 08L)\y, ) le&,

TaK 4TO
1-0.8L —-0.2L
A(L) =
-0.2L 1-0.8L
[Ipu sToM
02 02
AN = ;
02 02

OTIpe/IeTHTENb ITOi MATPUIIBI PaBeH HyITio, i MaTpuria A (1) He ompeeneHa.

Vpasuenne det A(z) =0 mmeer 3nech Bux (1 — 0.8 z)° — (0.2 2)* =0, T.e.

(1-2)(1-0.62)=0.
Kopau storo ypaBuenust paBusl (1/0.6) u 1. Hamwmume kopHs, paBHOTO 1, HapyliaeT ycioBHe
ctabmibHOCTH cucTeMbl. Kak BeayT ceOs B 3TOM ciiyyae peannzanuu cucreMbl? Huke npuBogurces
COOTBETCTBYIOIINH rpaduk.
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3nech cTabMIIM3aluU CUCTEMbI He HaOroaeTcst. MOKHO NPENoN0oKUTh, YTO 3TO MPOUCXOAUT U3-
3a HEyJla4yHoro BbIOOpa HauyaibHBIX 3HaueHUM yi1 = 21 = 0. llepemMopenupyem peanusanuu,
nojarasi HadajJbHble 3HaU€HHs MPUOIU3UTENBHO PaBHBIMU HAOII0aeMOMY “KOHEYHOMY’ YPOBHIO:
y11= y21=35. HoBble peanuzaiuu

MO-TIPE)KHEMY  HE  CTA0WIM3HPYIOTCS, W OTO OTpakaeT (yHIAMEHTAaTbHOE  OTJIMYHE
paccMatpuBaeMoi HecTaOmiIbHOM MoJien VAR oT cTaOuiIbHOM.

4.4. Hekomopsbie YyacmHble cily4au QuHamu4yeckux modesnel

UroObl HE 3arpoMOXJaTh M3JI0KEHHE, MBI OTPAaHMYUMCS 3[€Chb PACCMOTPEHHUEM MOJEJCH,
BXOJISIIIIMX B KAYE€CTBE YaCTHHIX ciiydaeB B mojaenb ADL(1,1;1)
Vi=putaryi+Pfoxi+Pixi1te.



OTHU yacTHbIE CIy4yau, HECMOTPS Ha CBOIO IPOCTOTY, 1Aal0T CXEMAaTHUYECKUE MPEACTABICHUS [I€BATU
IIMPOKO MCIIOJIb3yEMbIX THUIIOB MOJIENEH.

Paznuunbple  THIBI  MoOneNeld COOTBETCTBYIOT —DAa3lUYHBIM OTPAHUYEHUSIM Ha  BEKTOP
kodpduruentos 6 = (a; , fo ,f1) . llpu Hanmuumm ABYX OTrpaHUYEHUNH MBI TOBOPHUM 00
OOHOnAapamempuyecKou  MOJEIM, a [pU  HAIMYUM  OJHOTO  OTpaHUYEHUs — O
osgyxnapamempuyeckoit modeau. Ilonnas monens ADL(1,1;1) sBasiercst mpexnapamempuueckoii.
Huxe mbl paccMaTpuBaeM 9 pa3inyHbIX TUIIOB MOJEINIEH.

(1) Cmamuueckas pezpeccusn (a1 =p1=0): yi=pu +pox;+&.
371ech Ha 3HAYEHUE ); BIMSET TOJIBKO 3HAUEHHUE X; B TOT K€ MOMEHT BPEMEHU; MPEAIIECTBYIOIINE
3HAYeHUs );_1 U X ;_| HE BIMSIOT HA ) .

Takass Mozenb OOBIYHO HE XapakTepHa s JaHHbBIX, MOJIYYaeMbIX IOCIEAO0BATEIBHO BO

BPEMEHH, IIOCKOJbKY B TaKuMX CHUTyalUsX, Kak @paBWIO, CIy4aiHble BEIMYUHbBI &
aBTOKOPPEIUPOBAHBI.

(2) lIpouecc asmopecpeccuu (Po=p1=0): yy=p+aryi_1+é&.
311ech 3HaYEHUE ); 3aBUCUT TOJIBKO OT 3HAYEHUS );_ | ; 3HAYCHUS IEPEMEHHOM X; B MOMEHTHI ¢ U

(t — 1) He BIUAIOT HA ) .

[TomoOHBIE cHTyalK 3aTPYIHSIOT SKOHOMUYCCKUN aHAIN3 M MPOBEJIEHUE COOTBETCTBYIOMICH
SKOHOMMYECKOM TMONMUTUKH H3-3a TOTO, YTO B 3TOM CIy4yae HET “‘yIpaBIstollel’ NepeMeHHOM,
3HAUEHUS KOTOPOW MOXHO OBUIO OBl yCTaHAaBIMBATH CAMOCTOSITCIILHO C IICJIBIO YIIPABJICHHS
3HAYCHUSMU TIEPEMEHHOU ;.

(3) Mooenv onepeicarouiezo nokazamens (a; =fo=10):

nw=ptphix,ateé.

Takue Moaenu MOTYT MCIOJB30BATHCS [JIsi MPOTHO3UPOBAHMS, €CIM M3MEHEHHUS TOKaszaTels )
CIEYIOT C 3ama3bIBaHHEM 32 U3MEHEHUSIMU MOKa3aTeNsl X C JIOCTA0YHOW HaJeKHOCThI0. OHAKO,
IIPH OTCYTCTBUHU CEPHE3HBIX TCOPETUUYCCKUX OCHOBAHMMA, KOAD(GUIIMEHT | BOBCE HE 0053aH OBITH
MOCTOSHHBIM. B mocneaneM ciiydae 5TO MOXET NPHUBOJUTH K HEKAUYEeCTBEHHBIM IPOTHO3aM,
O0COOCHHO B MEPHOJbI CTPYKTYPHBIX M3MEHEHHM, KOT/Ia XOPOIIUK MPOrHO3 0COOCHHO HEOOXOIHM.
Kpome ToOro, He BHJHO KaKHWX-TO OCOOBIX NPHUYMH JIs8 HCKIIOYCHHUS W3 TIPABOM YaCTH
3ana3/JAblBaolINX 3HAYEHU IEPEMEHHON ) .

(4) Mooenwv ckopocmu pocma (a;=1, i1 =— fo)

Aye=pu + foAx;+ &,

A=1-L,takuto Ay, =y, — V-1, Axy =X, — X, 1), COOTBETCTBYET MOJICIN CTAaTHUYCCKOU
perpeccuu, HO He IS pAJI0B B YPOBHSIX, a JJIS PSIIOB B PA3HOCTAX (U1 npooughpepenyuposannvix
naHHbIX). OgHAKO Tepexoi K psiiaM pa3sHOCTeHW OmpaBAaH TOJIBKO €CIM MCXOMHBIC PSAIbl UMEIOT
CTOXAaCTUYECKUU TpeHA W KOoWHTerpupoBanbl. OO0 3ToM Mbl OyneM HOAPOOHO TOBOPUTH B
MOCJICTYIONIUX TJIaBaX. A TIOKa YKa)KeM TOJBKO Ha TO, YTO MPH HEONPABAAHHOM NEPEXOC K psiaM
pasHoCTeil TepsieTcss MHPOpPMAIUs O XapakTepe MOJTOBPEMEHHOW SKOHOMHUYECKON CBS3H MEKITY
pAlaMU B YPOBHSIX.

(5) Mooenw pacnpeodenennvix 3anazovieanuii (a; =0)




yt=,u+ﬂoxt+/)’1xt_1+8t
HE COJCPKUT B IpaBOM 4YacTH 3amas3iblBaHUN nepeMeHHOW ) . OHa cTpajaer TeMH ke
HEIOCTaTKaMH, YTO M CTAaTHYECKas PErpeccHsi, HO K HUM eIlle MOXET I00aBUThCS M TpolieMa
MYJIBTUKOJUIMHEAPHOCTH NIEPEMEHHBIX X; U X ;| .

(6) Mooenv uacmuunoii koppekmupoexu (fi; = 0)

w=ptaryiatfoxct e
HE COACPKUT B IPABOM YACTH 3alla3/bIBAOIIMX 3HAadyeHUM mnepemeHHou x . K Takoi Mopenu
MPUBOJAT, HAMPUMED, CIIETYIONIHe COO0OpakeHUsl.

Ilycte y ;= a+ fx; —LeneBol YpOBEHb MMEPEMEHHON ) , @ PaKTHUYECKH MpHpaIeHue Ay, = y;
— ;-1 OIHUCBIBAETCSA MOJEIBIO

Vemyier = (L=)(Vi=y) e, 0< A<,
T.C.

= (1 —i)y*z"‘/lyz—l +eér,
TaK 4TO, C TOYHOCTBIO JI0 CIy4JailHON ommOKH & , TEKylllee 3HAUY€HUE J; PAaBHO B3BEIICHHOMY
CpeIHEMy LEICBOr0 Yy U IPEIBLIYIIEro 3Ha4eHNs mepeMenHoil v . (HanpuMep, ), — ypOBeHb
3amacoB, X; — ypOBeHb mpojax.) Torma

=yt (=) at+pxi—y-)te=A-1)atiy1+(1-1)pxi+e,

1005

yi=ptaryiatpoxite,
rae

u=0-2)a, ai=4i, po=(1-1)p.

Bo mHOrmx ciy4asx BbIBOJ MOJOOHBIX YpaBHEHUH NPUBOAUT K aBTOKOPPETUPOBAHHBIM
OIMOKaM, a HITHOPUPOBAHUE X ;_ | YACTO MOPOXKIACT OLEHKY KO3(PPHUIMECHTa @) , CYIICCTBCHHO
OTIIMYAIOIIYIOCS OT OIICHKU d; B MOJHON MOJEIH.

(7) @anvcmapm, unu npueedennasn gpropma (fo =10):

w=ptayatprixate.

K Takoil Momenu MOXXHO TPHUITH, HApUMEp, €ciud X, = A x , - | + u, . Torma moacraHoBka
BBIpOKEHMsI 17151 X; B moyiHOE ypaBHeHue ADL(1,1;1) naet:
Vvi=putaryioitpoxitpixiite
=utaryio1+Bol+p)x o1+ (&t Pou),
17005 . .

wEputayiatpixatey.

[To onHOMy mOClieTHEMY YpaBHEHUIO (npueedenHnas ¢hopma NCXOTHOTO YPaBHEHUS) HEBO3MOMKHO
BOCCTAHOBUTH 3HAUYCHUS fy U S| , HE 3HAS 3HAUYCHHS A . T.€. MBI MOXKEM OIICHUTH KOA(DPHUITUEHTHI
NpUBEICHHON (POPMBI, HO HE KOAY(PPHULUEHTH CIpPYKmypHoil ¢hopmel (ICXOJHOTO TPEACTABICHUS
ADL(1,1;1)).

(8) Asmopezpeccuonnvie omuoku (f1 = — afo):

w=ptaryiatPoxi—arfox . 1té.
3anuinem 3T0 ypaBHEHHE B BHJIE



vi—ary 1= —-a)a+pfolx;—arx, 1) +e.
B mocnenHeM ypaBHEHHHU JIETKO Y3HAETCS WM3BECTHOE mpeoodpazoeanue Koxpeiina — Opxamma,
UCTIONIB3YEMOE ISl TIPEOI0JICHHUS MPOOIeMbl aBTOKOPPEIMPOBAHHOCTH OMIHOOK B MOJCIIH MapHOU
perpeccuu

vi=ot+foxitu, u=aru_1+e, ap <l

(9) Mooenw koppexuyuu owinook ( ay <1, fo+p1=5b(1 —ay), b #0):

Aye=p+ oA — (A —a))(ye-1—-bx 1) + &,
WK

Ayr=PoAxi— (1 —ar))(yi-1—a—-bx, 1) té&,
rne a=u/(1—a),b=(po+p1)/ (1 —a).
Mojenu Takoro Buia OyayT OYeHb 4acTO BCTPEUATHCS y HAC MPH PACCMOTPCHHHU CBSI3CH MEKIY
HECTAIlMOHAPHBIMH BPEMEHHBIMHU psiaMH. B 3TuX ciydasx Takas MOJEIb OMUCHIBACT MEXaHU3M
HOJICPIKAHUS 00/1208PEMEHHOU C6:A3U

yv=a+bx
MEXy IEPEMEHHBIMH ); U X; B (pOpMe KOPPEKINI OTKIOHSHUI
Vie1—a—bx;

OT JIOJITOBPEMEHHOM CBS3M B IPEIBIAYIIUNA MOMEHT BPEMEHU.

3ameuaHue
Hcxoanyto (monuyro) moaensADL(1,1;1)
yi=sptaryiatpoxitfrxiate
BCET/1a MOKHO MPeo0pa3oBaTh K BUAY
Vi=yia=pu—A—=a)y 1+ Poxi—x, 1)+ Bo+ ) x.1+e.
Ecnu BemonneHo ycnoBue a; < 1 (yciaoBue CTaOMIBHOCTH MOJIENHN), TO
Ay =p+ Poxi— (1 —a)(yi-1 = ((Bo+ BY(1 —a)) x 1-1) T &,
unpu fo+ f1#0 Mbl nonydaem MoAENb KOPPEKLIUU OLTUOOK.
Taxum obpazom, mogenu ¢ a; <1u fo+ fi # 0 MOTyT OBITH pECTaBIEHBI B PABHOCUIBHOMN
dbopme B BUJIE MOJIETTH KOPPEKITUHU OIIHNOOK.

OOpatum Tenepb BHUMaHHE Ha clefyromee. Ha mpakTuke Mbl UMeeM JAeN0 TOJbKO CO
CTATHCTUYECKUMHU JTAHHBIMA M HE MOKEM 3HATh TOYHO, Kakas MMEHHO MOJEIb JieXKalla B OCHOBE
npouecca nopoyxcoenusn Oannwvix (data generating process — DGP). Mpbl MOXEM TOJBKO,
MpUBIIEKAsT KAKWE-TO TEOPETHUYECKHE TMOJOXKEHHUS WIM pe3yJbTaThl paHee MPOBEACHHBIX
UCCJIEIOBAaHUM C JAPYTMMHU MHOKECTBaMHU JAHHBIX, BbIOpaTb HEKOTOPYIO CHIAmMUCMUYECKYIO
Mooenw (statistical model — SM), xoTopylo, M0 HalleMy MHEHHUIO, MOXHO HCHOJb30BaTh MJif
ONMMCaHUs  TMpoliecca MOPOXKIACHUS MAaHHbIX. BbIOpaB Takyio MOJeNlb, Mbl TNPOU3BOIUM €€
OIICHMBAHHE W 3aT€M MOXXEM IO OIICHEHHON MOJENW TMPOBEPATH pPA3IMYHBIC THUIIOTE3bI O €e
Kod(dpuImeHTax, CTPOUTh JOBEPHUTEIIbHBIE WHTEPBAIBI I KOI(DPHUIIMEHTOB M MPOTHO3UPOBATH
3HauUeHUsl OOBSCHSIEMBIX MEPEMEHHBIX JUISI HOBOTO Habopa OOBSICHSIOIMUX MEpEeMEHHBIX. MexTy



TEM, 3/I€Ch pellalollee 3HaYeHHE UMEET COOTHOLIEHUE MEX/1y UCTUHHBIM IPOLIECCOM MOPOKACHUS
JAHHBIX ¥ BEIOPAHHOM CTaTMCTUYECKOM MOJIETbBIO.

Ecnu cratuctuueckas moaens SM okasbiBaeTcsi Oosiee moaHoi mo cpaBuenuto ¢ DGP, To Torma
oueHuBaHue SM npuBoAUT K MeHee 3 ¢deKTUBHBIM oneHKkaM. C JIpyroil CTOpoHbI, €ciiu IpoLecc
MOPOKJCHUST JAaHHBIX OKAa3bIBAaeTCs IOJIHEE, 4eM BblOpaHHas SM, To 3TO mpuBoAMT K Ooiee
HENPUATHBIM TOCJIEJACTBUAM — CMELICHHUIO OLIEHOK. BcnencrBue 3Toro, oObIMHO pPEKOMEHAyeTCs
ClIeIoBaTh MPUHIUIY “OT OOLIero K YacTHOMY , T.€. MEPBOHAYAJIbHO BBIOMPATH B KauecTBE
CTaTUCTHYECKOW MOJETH JOCTATOYHO TMOJHYK MOJeNb, a 3aTe€M, MPOU3BOMS IOCIIEA0BATEILHOE
TECTUPOBAHUE CTATUCTHUYECKON MOJEIH, PEeayLHpOBaThb HCXOAHYIO CTaTUCTHUYECKYIO MOJENb K
Oosee SKOHOMHOU (hopMme.

IIpumep
Craructuueckue nanssie (n = 100) nopoxnaensl crabmibHol moaensio ADL(1,1,1)

y:=05p, 1+02x,+03x,_1+& , & ~iid NO,0.1%,

X =05x_1+v,, v, ~ii.d. N(,0.5%,

npuieM psaabl & U V; MOPOKAAKOTCA HE3ABUCUMO APYT OT Apyra.
CmoiemupoBaHHbBIC PeaTN3allid UMEIOT BUJT
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OnenuBanue mo ATUM peanuzanusiMm monHod monenun ADL(1,1;1) B kayecTBe CTaTUCTUYECKON

MOJIEJIN TAET CIIEAYIOIME PE3yJILTAThI:
Dependent Variable: Y
Sample(adjusted): 2 100

Variable Coefficient Std. Error t-Statistic Prob.

C 0.014122 0.009556 1.477773 0.1428

Y(-1) 0.555208 0.034143 16.26107 0.0000

X 0.188567 0.018421 10.23666 0.0000

X(-1) 0.258377 0.020673 12.49808 0.0000
R-squared 0.913395 Mean dependent var 0.062869

Adjusted R-squared 0.910660 S.D. dependent var 0.310554
S.E. of regression  0.092824 Akaike info criterion -1.876660
Sum squared resid 0.818547 Schwarz criterion -1.771806



Hckmroyas U3 npaBoi 4acTU CTaTUCTUYECKON MOJEIN KOHCTAHTY, I1OJy4acM:
Dependent Variable: Y
Sample(adjusted): 2 100

Variable Coefficient Std. Error t-Statistic Prob.

Y(-1) 0.565569 0.033621 16.82186 0.0000

X 0.190325 0.018495 10.29043 0.0000

X(-1) 0.256578 0.020764 12.35668 0.0000
R-squared 0.911404 Mean dependent var 0.062869

Adjusted R-squared 0.909558 S.D. dependent var 0.310554
S.E. of regression  0.093394 Akaike info criterion -1.874134
Sum squared resid 0.837363 Schwarz criterion  -1.795494
Log likelihood 95.76965 _ Durbin-Watson stat 2.218619

PenyunpoBanHas wMopenb mnpusHaercs Jnydiiedl no kpureputo IlIBapua. IlpoBepka ee Ha
aJIcKBaTHOCTh JA€T CJIEAYIOUINE PE3YNIbTATHI.
e Koppenorpamma psija OCTaTKOB COOTBETCTBYET MpOIIECCY OEIOro 1yma.
e Kpurepwii bpoiima — ['ogdpu yka3siBaeT Ha OTCYTCTBUE aBTOKOPPEITMPOBAHHOCTH Y Pl &
(P-3nauenue = 0.375 npu AR(1) anprepuaruse u 0.165 npu AR(2) ansTepHaTHBe).
e Kpurepuii Jarque — Bera He oOHapy>KuBaeT 3HaYMMBIX OTKJIIOHEHHH OT HOopManbHOCTH (P-
3HaueHue = 0.689).
e Kpurepuii Yaiita He oOHapykuBaeT rerepockeaactuaHoctu (P-3nauenue = 0.285).
WupiMu  crioBaMH, TPUMEHEHHWE KpPUTEPHUEB aJeKBATHOCTM K OILIGHEHHOH Monenu Jaer
Y/I0BJIETBOPUTENIbHBIE PE3YJIbTATHI.
[TocmoTpuM Temeph, 4TO AAa€T OLCHHUBAHUE MO TEM >K€ JaHHBIM BBHIOMpAeMBIX B KauecTBe SM
NEPEYUCIICHHBIX PaHee 8§ peayLuPOBaHHBIX MOJIEIEH.

SM; (cmamuueckas pezpeccus): y,=u + fox;+ & .
OrneHeHHass MOJENb:
Dependent Variable: Y

Sample: 1 100
Variable Coefficient Std. Error  t-Statistic  Prob.
X 0.271208 0.053356 5.082965 0.0000
R-squared 0.174472 Mean dependent var 0.062241

Adjusted R-squared 0.174472 S.D. dependent var 0.309046
S.E. of regression  0.280794 Akaike info criterion 0.307561
Sum squared resid 7.805700 Schwarz criterion 0.333613
Log likelihood -14.37805  Durbin-Watson stat 0.839862

B mpaBoii yacTH 3TOW CTAaTHCTHYECKOW MOJIEIM HET 3ara3/blBaloIIMX 3HAYCHUH OOBSICHIEMOU
nepeMeHHoi. [losToMy 31€ch MOXHO OPHEHTHPOBATHCS Ha 3HAYEHUS CTaTHCTUKH JlapOwHa —




Yorcona. Huzkoe 3Ha4€HUE ITOM CTATUCTUKU YKa3bIBAET HA aBTOKOPPEIIUPOBAHHOCTD P & , T.€.
Ha HEeMPaBWIbHYIO crieln(UKAINIO BBIOPAHHON CTaTUCTUYECKONH MOJICTH.

SM, Ilpouecc aemopezpeccuu: y;=u+aryi—1+é&.
O1eHeHHast MOJIENb:
Dependent Variable: Y
Sample(adjusted): 2 100
Variable Coefficient Std. Error t-Statistic Prob.

C  0.013941 0.020679 0.674149 0.5018
Y(-1) 0.764874 0.065621 11.65594 0.0000

[TockonbKy B 3TOM CTaTMCTHYECKON MOJENM MpaBas yacThb COAEPIKUT 3ama3/iblBarollee 3HaYCHHE
00BSICHAEMOW TEepeMEHHON, OPHEHTUPOBAThCA Ha CTAaTUCTHKY JlapOmHa — YOTCOHa HE crlemyer.
[IpoBepky Ha OTCYTCTBUE aBTOKOPPEIUPOBAHHOCTH Ui psAlia & BBINOJIHAEM, UCHONb3Ys KpUTEpUN
bpoiima — IN'ongpu. Ilpu AR(1) ansrepnatuse P-3nauenue atoro kpurepus passo 0.00003, tak yto
TUIIOTE3a HEKOPPEJIMPOBAHHOCTH CIIy4alHBIX BEIMYMH ¢&  orBepraerca. (ClieoBaTenbHo,
BbIOpaHHasi CTaTUCTUYECKAsI MOJIEJb CEU(PUIMPOBAHA HEPABUIIBHO.

SM3; Mooens onepesxcarouieco nokazamensn:. y,=u~+p1x, 1+é&.

O1eHeHHAs MOJIEb:

Dependent Variable: Y

Sample(adjusted): 2 100

Variable Coefficient Std. Error t-Statistic Prob.

C  0.049508 0.019722 2.510238 0.0137
X(-1) 0.455497 0.037291 12.21457 0.0000

[Ipu AR(1) anbrepHaruBe P-znauenune kputepus bpoiima — I'ogdpu pasao 0.0002, rumoresa

HEKOPPEIMPOBAaHHOCTH CIyYalHBIX BEJUYUH & OTBepraercs. BriOpaHHas cTaTHCTHYECKas MOJENb

cnenn(UIMpoBaHa HEMPABUIIBHO.

SMy Mooens ckopocmu pocma: Ay;=u + BoAx;+ &
OrneHensast MOIEb

Dependent Variable: D(Y)
Sample(adjusted): 2 100

Variable Coefficient Std. Error t-Statistic Prob.
C -0.001126 0.021384 -0.052674 0.9581
D(X) 0.040538 0.033362 1.215078 0.2273
Log likelihood 13.74152 F-statistic 1.476415

Durbin-Watson stat 1.574116 _  Prob(F-statistic) 0.227286

IIpu AR(1) amprepnatuBe P-zHauenume kpurepus bpoiima — Toadpu paBHo 0.029, rumoresa
HCKOPPCINPOBAHHOCTHU CJIy‘-I@.fIHLIX BCJIMYHH &; OTBCPractTcH. BI:I6paHHa$I CTaTUCTUYECKass MOACIIb
cnenuGUIIpoOBaHa HEMPABUIIBHO.




SMs Mooenws pacnpedenennvix 3anazObl6aHuil:

Ih=Hu +ﬂ0xt+ﬂ1xt—1+8t
OneHeHHAs MOJIEb
Dependent Variable: Y
Sample(adjusted): 2 100
Variable Coefficient Std. Error t-Statistic Prob.

C 0.046032 0.018096 2.543741 0.0126
X 0.156214 0.035435 4.408526 0.0000
X(-1) 0.414363 0.035435 11.69370 0.0000
IIpu AR(1) anprepnatuBe P-3nauenme kputepust bpoitma — I'oadpu pasro 0.00000, rumoresa
HEKOPPEIMPOBAHHOCTH CIy4YalHBIX BEJMUUH & OTBepraercs. BeiOpaHHas craTucTHYecKas MOJENIb
creurn(UuIIpoBaHa HEMPABUIIBHO.

SMg Mooenb yacmuunoit KOppeKmupoeKu:

V=utaryiatfoxit e

O1eHeHHAass MOJIENb

Dependent Variable: Y

Sample(adjusted): 2 100

Variable Coefficient Std. Error t-Statistic Prob.
C 0.007088 0.015431 0.459354 0.6470

Y(-1) 0.753212 0.048925 15.39514 0.0000

X 0.253493 0.028588 8.867013 0.0000

IIpu AR(1) amprepnatuBe P-zHauenume kpurtepus bpoiima — T'oadpu paBHo 0.012, rumoresa
HCKOPPCINPOBAHHOCTHU CJIy‘-I&ﬁHBIX BCJIIMYHH ¢&; OTBCPracTcs. BBI6paHHa$I CTaTUCTUYECKas1s MOJIC/Ib
cnenu(GUIIpoBaHa HEMPABUIIBHO.

SM; [Ilpugedennas hopma: y;=pu+aryi_1+pix-1+é&.
O1eHeHHAass MOJIENb
Dependent Variable: Y
Sample(adjusted): 2 100
Variable Coefficient Std. Error t-Statistic Prob.

C 0.020438 0.013757 1.485648 0.1406
Y(-1) 0.517457 0.048968 10.56734 0.0000
X(-1) 0.318058 0.028613 11.11579 0.0000

S.E. of regression 0.133909 Akaike info criterion -1.153476
Sum squared resid 1.721440 Schwarz criterion  -1.074836

3necy P-3nauenme xpurepus bpoitma — I'ogdgpu npu AR(1) amsrepHatuBe paBHo 0.499, a npu
AR(2) anbrepnaruBe pasHo 0.538. ['mmore3a HEKOPPETUPOBAHHOCTH CIyYalHBIX BEIUYHH & HE
OTBEpraercs, U MOXHO IEpPEeUTH K NpPOBEpPKE aJeKBAaTHOCTU JpYruMu Kputepusmu. Kputepuit



Jarque — Bera He oOHapyXHBaeT 3HAYUMBIX OTKJIOHEHUH OT HOopMasibHOCTH (P-3Hauenue = 0.937).
Kpurepuii YVaiita He 0OHapy>xuBaeT rerepockenactuaHoctu (P-3nauenne = 0.348).

WHbMH  clioBaMu, NpPUMEHEHHWE KpPUTEPUEB aJeKBaTHOCTHM K OLIEHEHHOW MOJENN JaeT
yIOBJIETBOPUTEIbHBIE pe3ysbTaThl. 1l03TOMY BO3MOXHO OCYLIECTBUTh PEAYKLIHUIO MOJENH,
OCHOBBIBAsICh Ha CTAaTUCTMYECKON HE3HAUMMOCTH KOHCTaHTbl B MpPAaBOMl YacTH YpaBHEHHUS.

HckmnroueHre KOHCTaHThI U3 ITPABOW YaCTH J1AET:
Dependent Variable: Y
Variable Coefficient Std. Error t-Statistic Prob.

Y(-1) 0.532005 0.048276 11.02001 0.0000
X(-1) 0.316252 0.028765 10.99445 0.0000

S.E. of regression 0.134740 Akaike info criterion -1.150947
Sum squared resid 1.761018 Schwarz criterion  -1.098520
Monernb 6€3 KOHCTaHThI IPEANOYTUTENbHEE 110 KpuTeputo [1IBapua.

C ToukHM 3peHHs aHAJIN3a OCTATKOB, IMOCJCIHIS MOCIb BIIOJIHE MOYKET OBITh MCTIOIb30BaHa JJIs
OMMCaHUs Mpolecca MOPOXKIeHU AaHHBIX. OJIHAKO €CJIM Mbl CPAaBHUM DPE3YJIbTATHI €€ OLICHUBAHUS
C MOJYYEHHBIMHU paHee pe3yJIbTaTaMH OICHUBAHUSA MO YV, =a1V;,— 1+ foxi+ 1 x -1+ &, TO
OoOHapy» UM, 4TO B MOJIETU C BKIIIOUEHHUEM X; B MPABYIO YacTh 3HAYCHHS KPUTEPUEB AKaWKe (—
1.874) u llIBapua (— 1.795) ropa3ao npeanouTuTeabHee.

SMg  Aemopezpeccuonnvie omuoKU:

nw=ptaryiatPoxi—arfox - 1+ée.
Hcnionp30BaHne HEIMHEWHOTO (MTEPAIIMOHHOTO) METOIa HAUMEHBIIINX KBAJIPATOB JJIsI OIICHUBAHUS
MapaMeTPOB ITOTO YPABHEHUS NAET CIECAYIOLINUE PE3YIIbTAThI
Dependent Variable: Y
Sample(adjusted): 2 100
Convergence achieved after 19 iterations
Y=C()+C(2)"Y(-1)+C(3)"X~(C(2)*C(3))"X(-1)

Coefficient Std. Error  t-Statistic Prob.

C(1) 0.014489 0.020617  0.702743  0.4839
C(2) 0.749747 0.070184  10.68267  0.0000
C(3) 0.052577 0.036535  1.439066 0.1534
R-squared 0.592630 Mean dependentvar  0.062869

Adjusted R-squared 0.584144 S.D. dependent var 0.310554
S.E. of regression 0.200267 Akaike info criterion -0.348499
Sum squared resid  3.850250 Schwarz criterion -0.269859
Log likelihood 20.25069 Durbin-Watson stat ~ 1.447077

[Ipu AR(1) anbrepHaruBe P-znauenune kputepus bpoiima — I'ogdpu pasao 0.0002, rumoresa
HEKOPPEIMPOBAHHOCTHU CITyYaiHBIX BEIMYMH & OTBepraercs. BelOpaHHas cTaTHCTHYECKas MOJIEINb
cnenu(UIIpoBaHa HEMPABUIIBHO.



PaccmoTpum Takke onernBanue SM B opMe MOAETH KOPPEKIHU OMHUOOK (XOTS 3Ta MOJENb U He
SIBIIICTCS PEyLIUPOBAHHON).
SMo Mooens kKoppexkyuu outudooK:
Ayt=ﬂ +ﬂ0Axt— (1 —al)(,)/’t—l -bxi 1) te.
OruieHeHHast MOJIETh (HEJIMHEWMHBIA METO] HAMMEHBIITNX KBAPATOB):
Dependent Variable: D(Y)
Sample(adjusted): 2 100
Convergence achieved after 4 iterations
D(Y) =C(1)+C(2)*'D(X) + (CE)-1)"(¥Y(-1)-C(4)"X(-1))

Coefficient Std. Error  t-Statistic Prob.
C(1) 0.014122 0.009556  1.477773  0.1428
C(2) 0.188567 0.018421 10.23666  0.0000
C(3) 0.555208 0.034143  16.26107  0.0000
C4) 1.004839 0.078119  12.86299  0.0000
R-squared 0.816395 Mean dependentvar  -0.001100
Adjusted R-squared  0.810597 S.D. dependent var 0.213288
S.E. of regression 0.092824 Akaike info criterion -1.876660
Sum squared resid  0.818547 Schwarz criterion -1.771806
Log likelihood 96.89465 Durbin-Watson stat ~ 2.248395

P-3nauenne kputepus bpoiima — 'ondpu npu AR(1) ansrepratuse pasao 0.130, a mpu AR(2)
anprepHatuBe paBHO 0.318; rumoreza HEKOPPENMPOBAHHOCTH CIIy4YaliHbIX BEIUYMH &  HE
otBepraerca. Kpurepuii Jarque — Bera He 0OHapyKHMBaeT 3HAYMMBIX OTKJIOHEHUI OT HOPMAJIHbHOCTH
(P-3nauenue = 0.711). Kpurepuii Yaiita He oOHapykHBaeT rerepockegacTuyHocTu (P-3Hauenue =
0.380).

WHplMM  cliOBaMH, NPUMEHEHUE KpPUTEPHUEB aJEKBAaTHOCTM K OLIGHEHHOM MOJENM JaeT
YAOBJIETBOPUTENIbHBIE pe3ynbTaThl. Onupasch Ha HUX, pEAYLUPYEM MOJIENb, UCKIIOYasl U3 MpaBoi

YaCTU KOHCTAHTY; IIPU 3TOM IOJIyYaeM:
Dependent Variable: D(Y)

Convergence achieved after 3 iterations

D(Y) =C(2)*D(X) + (C(3)-1)*(Y(-1)-C(4)*X(-1))

Coefficient Std. Error  t-Statistic Prob.

C(2) 0.190325 0.018495 10.29043  0.0000
C(3) 0.565569 0.033621 16.82186  0.0000
C4) 1.028710 0.080225  12.82279  0.0000
R-squared 0.812174 Mean dependent var  -0.001100
Adjusted R-squared 0.808261 S.D. dependent var 0.213288
S.E. of regression 0.093394 Akaike info criterion -1.874134
Sum squared resid  0.837363 Schwarz criterion -1.795494
Log likelihood 95.76965 _ Durbin-Watson stat ~ 2.218619
T.C.

Ay;=0.190 Ax; - 0.434(y;,-1—-1.029x ;1) + e .



Mopuens 6e3 KOHCTAaHTBI TPEIIOYTUTENIbHEe TIo0 kpuTepuro [1IBapiia.
VYenunss y, BJIEBOW 4acTU YpaBHEHUS, MOTyYaeM:
y=0.566y, 1+0.190x, + 0253 x,_ 1+ e .

CpaBHUM 3TO YpaBHEHHUE C PEAbHO HCIIONIb30BAHHBIM JJISI MOJICTUPOBAHUS
DGP: y,=0.5y, 1+02x,+03x, 1+ &

U C Pe3yJIbTaTOM OIICHUBAHHSI COOTBETCTBYIOIICH €My CTATUCTHYCCKON MOJICITH:
y:=0.565y, 1+ 0.190 x, + 0.257 x ,_ 1+ &.

Haiinem nonroBpeMeHHOE COOTHOIICHUE MEXIY NMEPEMEHHBIMU ); M X; , COOTBETCTBYIOIIEE
TEOPETUYECKOMY MPOIIecCY NOPOKACHUS TaHHBIX:

y:=05y,+02x,+03x, = y=x.

B To e Bpems, [ONTOBpEMEHHOE COOTHOIIEHHUE, TMOJy4aeMoe IO OIeHeHHOH SM,
cooTBeTcTBYIOIIEN 3TOoMy DGP:!

y:=0.565y, +0.190 x,+ 0.257x, = y = 1.002x.

Jlanee, HONTOBpEMEHHOE COOTHOIIEHHWE, TOJIy4aeMoe IO oleHeHHoW SMy (B Bapmante 0e3
KOHCTAHTHI B MIPAaBOM 4acTH):

y:=0.566y, +0.190x, + 0253 x, = y = 1.021x.

Hakonen, ecnu B34Th pe3ynbTaThl OlLleHUBaHus Moaenu SM;  (mpuBeneHHas Qopma) 0Oe3
BKJIFOYEHHS] KOHCTAHTBI, TO JJIS ATOTO CIIy4as MoJIy4aeMm:

y:=0.532y,+0316x, = y=0.675x.

OTH pe3ynbTaThl YKa3bIBAIOT Ha BO3MOXKHOCTb CEPBE3HBIX IMOCIEACTBUHN, MPOUCTEKAIOIINX U3
HENpaBWIbHOU crienudukanuu SM, korja 3Ta crenu@UuKanus OKa3blBaeTcs yxke crernupuKanum
DGP. 3amerum, uro B pamkax Takod SM  OTHIOAb HE Bcerga yaaercs OOHapyXUThb
CTAaTHCTUYECKUMHU METOJaMU “‘y30CTh~ BbIOpaHHOU creuudukanuu. Mpl CMOTIH 3TO cleiaTth B
paMKax OIEHEHHBIX CTaTUCTUYeCKuX Mozenet SM; — SMg u SMg , HO He B Mmozienu SMy .

PaccMoTpuM Temepbh OOpaTHYIO CHTYaIlWio, KOTJa, HAMPOTHUB, BBHIOpAaHHAS IS OICHUBAHUS
craTucTudeckas Mozaenb SM okaspiBaercs nonHee (“mmpe”) momenu DGP, tak uto mMonens,
cootBeTcTByIOImas DGP, sBnsieTcss 4acTHBIM CIydaeM CTATUCTHUYECKON MOJENH, BHIOpaHHOW AJist
OIICHUBAHUS.

B kauectBe DGP O6ynem nocnenoBarenpao Opath Monenu (1) —(8), a B kauectBe SM — nonHy0
mozaenb ADL(1,1;1) 6e3 orpanndeHuit Ha KO3 HUITUESHTHI:

vi=putayiatpoxitpixite.

3HavueHus Kod()PuIMeHToB pu nepemMeHHbx B moaensax (1) — (8) Oyaem Opath TakuMu ke,
Kak ¥ B ucxoHoit mojxenu ADL(1,1;1)
y=05y,1+02x,+03x, 1t¢.
Ipu Moxenupoanmn DGP Bo Beex cygasix Gepercs & ~ i.i.d. N(0, 0.17).

DGP,; : Cmamuueckasn pecpeccusn



= 0.2xt+8t.
OneHeHHas CTaTUCTUYECKAs MOJICITb
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.004647 0.010300 -0.451175 0.6529
Y(-1) 0.102848 0.101833 1.009966 0.3151

X 0.186813 0.020222 9.238033 0.0000
X(-1) 0.000201 0.028272 0.007101 0.9943
R-squared 0.507795 Mean dependent var  0.001230

Adjusted R-squared 0.492252 S.D. dependent var 0.143412
S.E. of regression 0.102190 Akaike info criterion -1.684398
Sum squared resid  0.992068 Schwarz criterion -1.579545

P-3nauenmne xpurepus bpoitma — I'ondpu nmpu AR(1) ansrepraruse pasHo 0.760, a mpu AR(2)
anbrepHatuBe paBHO 0.951, rumoresa HEKOPPETUPOBAHHOCTH CIIy4alHBIX BEIMYMH &  HE
otBepraercs. Kpurepuii Jarque — Bera He 0OHapyXHBaeT 3HAUMMbIX OTKJIOHEHUH OT HOPMaJIbHOCTH
(P-3nauenne = 0.733). Kpurepuii Yaiita He oOHapykuBaeT rerepockegacTuyHoctu (P-3nauenne =
0.770).

WupiMu  crioBamMH, TIpUMEHEHHE KpPUTEPUEB aJEKBATHOCTH K OICHEHHOW MOJENH JaeT
yZIOBJIETBOPUTEbHBIE pe3yJbTaThl. Onupasch Ha HHUX, MOXKHO MEPEUTH K MPOBEPKE TUIIOTE3 O
3HaYeHUsAX Kod3(dduuumenton. [Ipu mpoBepke TUMOTE3HI O 3aHYJICHUU KOHCTAHTHI U KO(PPHUIIMEHTOB
npu y,_1 ¥ X ,_| NOIydyaeM 3HaueHHe oObIuHON F-cTatucTuku, paBHoe F =0.738, u gF =2.214.
Ucxons u3z F-pacnipeneneHus aias cTaTucTuku F , nomydaeM P-3nauenue 0.532. Mcnonb3oBanue
ACHMITTOTHYECKOro pacnpeseneuus y (3) mist gF npuBomut k P-3mauenmio 0.529. IIpu oGonx
BapHaHTaxX TUIOTe3a O 3aHYJICHUH TPeX YKa3aHHBIX KOA(P(HUIMEHTOB HE OTBEpraeTcs. TeM caMbiM,
MOYKHO TIepeiTH K OLIEHUBAHUIO pelylIMpOBaHHON Mojenu y; = u + Pox; + & , M 3TO Jaer:
Dependent Variable: Y

Sample: 1 100

Variable Coefficient Std. Error  t-Statistic Prob.

X 0.190067 0.019291 9.852604  0.0000
R-squared 0.494995 Mean dependent var  0.001935

Adjusted R-squared  0.494995 S.D. dependent var 0.142860
S.E. of regression 0.101522 Akaike info criterion -1.727139
Sum squared resid 1.020359 Schwarz criterion -1.701087

PenyuupoBanHasi mMojens Jiydile NOJHOW M Mo KpuTepuro Axkaumke M mno kputeputo IllIBapua.
OcTaTKku OT OLICHEHHON peAyLUPOBAHHOM MOJEIN MPOXOIAT TECThl HA HOPMAaJIbHOCTb, OTCYTCTBHE
aBTOKOPPEIUPOBAHHOCTHU U I€TEPOCKENACTUYHOCTH.

DGP; : Ilpouecc asmopezpeccuu
W= 0°5yt—1 +&.
OueHeHHas cTaTUCTHYECKasi MOJEIIb
Dependent Variable: Y



Variable Coefficient Std. Error  t-Statistic Prob.

C -0.004519 0.010315  -0.438075 0.6623
Y(-1) 0.576756 0.084134  6.855173  0.0000
X -0.013220 0.020253  -0.652774 0.5155
X(-1) 0.021476 0.020228 1.061719  0.2911
R-squared 0.338422 Mean dependent var  -0.007891

Adjusted R-squared  0.317530 S.D. dependent var 0.123820
S.E. of regression 0.102290 Akaike info criterion -1.682441
Sum squared resid  0.994011 Schwarz criterion -1.577588

P-3nauenue kputepus bpoiima — 'oadpu npu AR(1) ansrepnaruse pasao 0.600, a mpu AR(2)
anbrepHatuBe paBHO 0.773, rumore3sa HEKOPPEIUPOBAHHOCTU CIIy4alHBIX BEIMYMH &  HE
otBepraercs. Kpurepuii Jarque — Bera He 0OHapyXHBaeT 3HAUMMbIX OTKJIOHEHUH OT HOPMaJIbHOCTU
(P-3nauenne = 0.654). Kpurepuii Yaiita He oOHapy)kuBaeT rerepockegacTuyHoctu (P-3nauenne =
0.956).

[Ipu mpoBepKe TUIOTE3bI O 3aHYJICHUH KOHCTAHTHI i KOO(PPHUIIMEHTOB IIPH X; U X;_| TOIy4aeM
3HaueHue OOBIYHOW F-cTaTUCTHKHU, paBHoe F = 0.641, wu ¢gF = 1.283. Ucxons uz F-
pacripefieyieHust  JUIsl  CTaTUCTUKM F, TOJdydaeM P-3nauenne 0.529. Wcnonb3oBanue
ACHUMITOTHYECKOTO PacCIpeneIcHuUs )(2 (3) nns gF mnpuBomut Kk P-3nauenuro 0.527. IIpu oGoux
BapHaHTaxX TUIOTe3a O 3aHYJICHHH TPeX YKa3aHHBIX KOA(P(HUIMEHTOB HE OTBEpraeTcs. TeM caMbiM,
MOJKHO MEPENTH K OLIEHUBAHUIO PELYyLIUPOBAHHOW MONEIU Yy = a1Y;—1 T & , U OTO AAET:

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.
Y(-1) 0.575922 0.082705 6.963585 0.0000
R-squared 0.328274 Mean dependent var  -0.007891

Adjusted R-squared 0.328274 S.D. dependent var 0.123820
S.E. of regression 0.101482 Akaike info criterion -1.727825
Sum squared resid 1.009258 Schwarz criterion -1.701612

PenyuupoBanHasi Moenp NpeAnoOYTUTENbHEE U N0 KpUTepuio Akaunke W mno kpureputo llIBapua.
AHanu3 OCTAaTKOB HE BBIABISIET 3HAYMMBIX OTKIOHEHUH OT CICJIAHHBIX IPEIIOJIOKEHUN B
OTHOLLIEHUU psiaa & .

DGP3;: Mooenv onepescarouieco noxazamens
yt=0.3x,_1+8,.

Oruenennas MOJeNb

Dependent Variable: Y

Variable Coefficient Std. Error t-Statistic Prob.

C -0.005202 0.010305 -0.504767 0.6149
Y(-1) 0.052373 0.054196 0.966363 0.3363
X -0.012475 0.020310 -0.614213 0.5405
X(-1) 0.315962 0.020645 15.30433 0.0000

R-squared 0.736662 Mean dependent var  0.004035



Adjusted R-squared 0.728346 S.D. dependent var 0.196154
S.E. of regression 0.102236 Akaike info criterion -1.683501
Sum squared resid  0.992959 Schwarz criterion -1.578647

P-3nauenue kputepus bpoiima — 'ondpu npu AR(1) ansrepnaruse pasao 0.614, a mpu AR(2)
anpTepHaThBe paBHO (0.868, rumore3a HEKOPPEIUPOBAHHOCTH CIIYyYaWHBIX BEIMYMH &  HE
otBepraercsa. Kpurepuii Jarque — Bera He 0OHapyHBaeT 3HAYMMbIX OTKJIOHEHHH OT HOPMaJIbHOCTH
(P-3nauenue = 0.740). Kputepuii Yaiita He oOHapyXuBaeT rerepockenacTuaHoctu (P-3HaueHue =
0.804).

ITpu npoBepke rUIoTe3b! O 3aHYJICHUN KOHCTAHThI U KOO(P(QUIMEHTOB IPU X; U J;_| MOJIy4aeM
3HaYeHue OOBIYHOM F-craTHcTuKH, paBHoe F = 0.577, u qF = 1.730. Ucxons u3z F-
pacnpeneneHuss sl CTaTUCTUKU [, moiiyyaeM P-3nauenne 0.632. Vcnons3oBaHue
ACHMIITOTHYECKOro pacmpenencuus y° (3) mms gF upusoaut k P-3mauenuio 0.630. ITpu oGoux
BapHaHTaxX TUIOTE3a O 3aHYJIEHUM TpeX YKa3aHHBIX KOA((UIMEHTOB HEe OTBepraercs. TeM caMblM,
MOYKHO TIEpEHTH K OLIEHUBAHMIO PelylIUPOBAHHON MoJenu y; = f1 X ;_1 + & , U 3TO JaeT:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.
X(-1) 0.315777 0.019302 16.35987 0.0000
R-squared 0.731866 Mean dependent var  0.004035

Adjusted R-squared 0.731866 S.D. dependent var 0.196154
S.E. of regression 0.101572 Akaike info criterion -1.726058
Sum squared resid 1.011044 Schwarz criterion -1.699844

PenyuupoBanHasi Moenp NpeAnoOYTUTENbHEE U N0 KpUTepuio Akanke W mno kpureputo llIBapua.
AHanu3 OCTAaTKOB HE BBIABISIET 3HAYMMBIX OTKIOHEHUH OT CICJIAHHBIX IPEIIOJIOKEHUN B
OTHOLLIEHUU psiaa & .

DGP4s: Mooens ckopocmu pocma
Aye=p+ PoAxi+ & .
OueHeHHast MOJIEIb

Dependent Variable: Y
Included observations: 99 after adjusting endpoints

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.029026 0.017741 -1.636049 0.1051
Y(-1) 0.959750 0.024228 39.61303 0.0000

X 0.184064 0.019993 9.206520 0.0000
X(-1) -0.173461 0.020340 -8.528162 0.0000
R-squared 0.944972 Mean dependent var  -0.599911

Adjusted R-squared  0.943234 S.D. dependent var 0.425076
S.E. of regression 0.101277 Akaike info criterion -1.702356
Sum squared resid  0.974412 Schwarz criterion -1.597502
Log likelihood 88.26661 F-statistic 543.7988
Durbin-Watson stat  1.745026 Prob(F-statistic) 0.000000



OTtmetruMm ONHM3KOE K EIMHUIE OIEHEHHOE 3HadeHue Koddduumenta mpu ), - | , 9TO MOXKET
roBoputh 0 ToM, uto B DGP “uctunHOoe” 3HaueHue koddpduuuenta paBHo a; = 1. Ho Torma
HapylIaeTcs yCIOBUE CTAOMIBHOCTH CUCTEMBI. M elCTBUTENbHO, TpadUK psijia ), , IOJIYyYEHHOTO B
pe3yJbTaTe MOAEIUPOBAHUS, UMEET BH]L
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Bompoc o mposepke runore3 tuna Hy: a; = 1 Tpebyer cnenuanbHOr0 pacCMOTPEHHUSI, U MBI
Oynem paccMmaTpuBaTh €ro B mocieayrommx rinaBax. Ceifuac ke, UCXOAs M3 HAOIIOIaEMOTo
MOBEJCHUSI psiga y, © OJWM30CTH OIEHEHHOro 3HadyeHus koddduimenta k 1, 3aiimeMcs
OLICHHUBAHUEM MOIACIN

Ayt=ﬂ+ﬁox;+ﬁ1xp1+et-

MpbI MOXEM HCIIONIB30BaTh JJIS HEe CTAaHAAPTHYIO (ACUMIITOTHYECKYI0) TEXHUKY CTaTUCTHYECKHX
BBIBOJIOB, TOCKOJIBKY peayi3alus psijga X, UMeeT BUT
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[T

1.0

0.5

YKa3bIBAIOLIMKA HA CTAIMOHAPHOCTH 3TOTO PANA, U pealiu3alus psiia pa3HocTed Ay, UMEET BU]L
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TOBOPAILUI B [TOJIb3Y CTALMOHAPHOCTH psina Ay;.
B pe3syinpraTe OLeHUBaHUSA NOIYYaeM:
Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.004915 0.010297 -0.477336 0.6342

X 0.185224 0.020163 9.186333 0.0000

X(-1) -0.179782 0.020163  -8.916410 0.0000

31ech Mbl, KOHEYHO, 0OpaIiaeM BHUMAHHE Ha CTATUCTHYECKYIO HE3HAUMMOCTh KOHCTAHTBI, & TAK:Ke
Ha TO, YTO OIICHEHHBIC KOA(DPHUITUEHTHI IPH TEPEMEHHBIX X, U X ;,_ | OJHM3KH MO aOCOIOTHOU

BEJIMYMHE U MPOTUBOMOJIOKHBI 110 3HAKY. B CBSI3M € 3TUM, MBI B paMKax CTaTUCTHUYECKON MOJIETH
Ayt:ﬂ+ﬁ0xt+ﬁlxt—l+8t

npoBepsieM runoresy Hp: 4 =0, fo = — fi. Ucnonesys F-pacnpenenenue s F-CTaTUCTUKU U
pacIpeneneHue Xu-kBagpar y°(2) wis cratuctuku ¢F = 2F | momydaeM B 060MX ciydasix P-
3Hauenne (0.876. ['mmore3a Hy He oTBepraercs, U MOXKHO MEPEUTH K OLEHUBAHUIO MOJEIU C

TaKUMU OTPAaHUYCHUAMHU, T.€. MOJenn Ay, = o Ax, + &, . O1ileHeHHass MOJCIIb C OTPAaHUYEHUSIMH:
Dependent Variable: D(Y)
Variable Coefficient Std. Error  t-Statistic Prob.

D(X) 0.182495 0.015882  11.49045  0.0000

P-3nauenue kputepus bpoiima — [N'ogdpu npu AR(1) ansrepnartuse paBuo 0.328, a mpu AR(2)
anpTepHatuBe paBHO 0.605; rumore3a HEKOPPETUPOBAHHOCTH CIIYyYalHBIX BEJIMYMH &  HE
otBepraercsa. Kpurepuii Jarque — Bera He 0OHapyHBaeT 3HAYMMbIX OTKJIIOHEHUH OT HOPMaJIbHOCTH
(P-3nauenue = 0.673). Kputepuii Yaiita He 0OHapYKUBAECT reTEPOCKETACTUUHOCTH (P-3HaueHne =
0.988). Takum oOpa3omM, M B 3TOM CJIy4ae Mbl BBIIUIM B pe3yJibTare TECTHPOBAHUS Ha
CTATUCTUYECKYIO MOJIENb, UMEIOIIYIO Ty ke cnernudukaiuto, uto u DGP.

DGPs Mooens pacnpeodenennsvix 3anazovieanuit
»=u+02x+03x_1+¢&.
OrneHensast MOIEIb



Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.003282 0.010206 -0.321584  0.7485
Y(-1) 0.000523 0.058294 0.008975 0.9929

X 0.181735 0.019977 9.097166 0.0000
X(-1) 0.289502 0.024922 11.61638 0.0000
R-squared 0.804020 Mean dependent var  0.010665

Adjusted R-squared 0.797831 S.D. dependent var 0.225113
S.E. of regression 0.101218 Akaike info criterion -1.703515
Sum squared resid  0.973283 Schwarz criterion -1.598661

P-3nauenmne xpurepus bpoitma — I'ondpu npu AR(1) ansrepraruse pasHo 0.972, a mpu AR(2)
anpTepHatuBe paBHO 0.826; rumore3a HEKOPPENUPOBAHHOCTH CIIy4YallHbBIX BEIUYMH &  HE
otBepraercs. Kpurepuii Jarque — Bera He 0OHapyXHBaeT 3HAUMMbIX OTKJIOHEHUH OT HOPMaJIbHOCTU
(P-3nauenue = 0.689). Kpurepuii Yaiita He oOHapy)kuBaeT rerepockegacTuyHoctu (P-3nauenne =
0.433).

[Iposepsiem runoresy Hp: u = 0, a; = 0 . Mcnonws3ysa F-pactipenenenue aisi F-CTaTUCTUKUA U
pacrpesiesieHie Xu-KBaapat y°(2) mist cratuctukn  gF = 2F | monydaeM B 00OMX Ciydasx P-
3Hauenne 0.950. 'mnote3a Hy He oTBepraeTcs, 1 MOKHO MEPEUTH K OIEHUBAHUIO Mozenu ¢ u = 0,
a; =0, T.e. Mogenu y,=u -+ ﬁo X+ ﬁl X -1t & . OueHeHHas MOJENb C OTPAHUYCHUSIMMU:

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.
X 0.181461 0.019754 9.185972 0.0000
X(-1) 0.289367 0.019756  14.64736  0.0000

DGPs Mooenv wacmuunoit kKoppexkmupoexu
Ih=Hu + O.Syt_l + 0.2xt +&.

OueHeHHast MOJIENb:

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.005099 0.010263 -0.496869 0.6204
Y(-1) 0.592041 0.071296 8.304016 0.0000
X 0.188766 0.020280 9.308077 0.0000
X(-1) 0.000973 0.025019 0.038898 0.9691

P-3nauenne kputepus bpoiima — 'ondpu npu AR(1) ansrepratue pasao 0.904, a mpu AR(2)
anprepHatuBe paBHO 0.723; rumore3a HEKOPPEIMPOBAHHOCTH CIIy4YalHbIX BEIUYMH &  HE
otBepraerca. Kpurepuii Jarque — Bera He 0OHapy>KHMBaeT 3HAYMMBIX OTKJIOHEHUI OT HOPMAJIbHOCTH
(P-3nauenue = 0.691). Kpurepuii Yaiita He oOHapykHBaeT rerepockegacTuyHocTu (P-3Hauenue =
0.533).

[Tposepsiem runoresy Hy: 4 = 0, f; = 0. Ucnone3ysa F-pacnpenenenue sl F-CTaTUCTUKU U
pacnpenesieHue Xu-KBaJpaT X2(2) Uil cTaTUCTUKH  gF = 2F | monydaeM B oboux ciydasx P-



3Hauenne (.884. 'mnote3a Hy He oTBepraeTcsi, 1 MOKHO MEPEUTH K OIEHUBAHUIO Mojenu ¢ u = 0,

ﬂ 1 =0, Te. monemu y,=ut+ayy,1+ ﬁo X; T & . OueHeHHas MOJENb C OTPAHUYEHUAMM:

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.
Y(-1) 0.592666 0.056702 10.45233  0.0000
X 0.188468 0.019202  9.814814  0.0000
R-squared 0.690477 Mean dependent var  0.004719
Adjusted R-squared 0.687286 S.D. dependent var 0.180476
S.E. of regression 0.100924 Akaike info criterion -1.728911
Sum squared resid  0.988000 Schwarz criterion -1.676484
DGP; [Ilpusedennaa ¢popma
= O.Syt_l +0.3 X1+ &.
OrneHennsast MOIEeb
Dependent Variable: Y
Variable Coefficient Std. Error  t-Statistic Prob.
C -0.005886 0.010271 -0.573100 0.5679
Y(-1) 0.559497 0.042762 13.08387  0.0000
X -0.010318 0.020320 -0.507807 0.6128
X(-1) 0.316645 0.020229  15.65291  0.0000

P-3nauenmne xpurepus bpoitma — I'ondpu nmpu AR(1) ansrepraruse pasHo 0.701, a mpu AR(2)
anbTepHatuBe paBHO 0.827; rumore3a HEKOPPENUPOBAHHOCTH CIIy4YallHbIX BEJIUYMH &  HE
otBepraercs. Kpurepuii Jarque — Bera He 0OHapyXHBaeT 3HAUMMbIX OTKJIOHEHUH OT HOPMaJIbHOCTU
(P-3nauenne = 0.740). Kpurepuii Yaiita He oOHapykuBaeT rerepockegacTuyHoctu (P-3nauenne =
0.586).

[Iposepsiem runoresy Hp: u = 0, fo = 0. Ucnonb3yst F-pactipenencHue s F-CTaTHCTUKH U
pacmpesiesieHie Xu-KBaapat y°(2) mist cratuctukn  gF = 2F | monydaeM B 00OMX Ciydasx P-
s3Hauenune (.734. 'mnote3a Hy He oTBepraeTcsi, 1 MOKHO MEPEUTH K OIEHUBAHUIO Mozenu ¢ u = 0,

po = 0, T.e. K OLCHUBAHUIO MOAENU y; = a1 ¥ -1 + f1 x, -1+ & . OIlleHeHHas MoJenb C
OTPAaHUYCHUSIMUA:
Dependent Variable: Y
Variable Coefficient Std. Error  t-Statistic Prob.
Y(-1) 0.561389 0.041849  13.41452  0.0000
X(-1) 0.313207 0.019269  16.25422  0.0000
DGPs  Agmopezpeccuonnvie outuoku
=05y, 1+02x-01x,_1+¢&.
OneHeHHast MOJICIb:
Dependent Variable: Y
Variable Coefficient Std. Error  t-Statistic =~ Prob.




C -0.004519 0.010315  -0.438075 0.6623

Y(-1) 0.576756 0.084134  6.855173  0.0000
X 0.186780 0.020253  9.222532  0.0000
X(-1) -0.093875 0.025414  -3.693770  0.0004

P-3nauenne xputepus bpoiima — IN'ondpu npu AR(1) anerepnatuBe pasuo 0.600, a mpu AR(2)
anprepHatuBe paBHO 0.773; rumore3a HEKOPPEIMPOBAHHOCTH CIIy4YallHbIX BEIUYMH &  HE
otBepraercsa. Kpurepuii Jarque — Bera He oOHapy KHMBaeT 3HAYMMBIX OTKJIOHEHHH OT HOPMAIBbHOCTH
(P-3nauenue = 0.654). Kpurepuii Yaiita He oOHapy»)uBaeT rerepockeaactudyHocty (P-3Hauenue =
0.682).

Hckmrounm U3 CTaTUCTUYECKON MOJENIN CTATUCTUYECKH HE3HAYNMYH0 KOHCTAHTY:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

Y(-1) 0.578309 0.083705 6.908866 0.0000

X 0.186426 0.020151  9.251413  0.0000

X(-1) -0.094531 0.025263  -3.741827  0.0003

3amMeTuM, 4TO MPOU3BEICHNE OIIEHEHHBIX KO3 PuImeHToB mpu y, | u x, paBHo 0.108, T.e. 6au3K0
1o abCONIOTHOM BETMYMHE M MPOTUBOIIOJIOKHO IO 3HAKy KO3((UIMEHTy nMpu X ;| . B cBs3u ¢
9TUM HaOmoAeHUEM, ipoBepuM Tunoresy Ho: f1 = — a1f . 31ech Mbl IMeeM €TI0 ¢ HeTUHEHHOMN

TUIOTE30M, W Pe3yJIbTaThl MPOBEPKH MOTYT 3aBUCETh OT ()OPMBI 3aIUCH STOT0 OTPAaHUYCHHS Ha
koa(durmenTsl. [ToaTOMy MBI IpOBEpsieM yKa3aHHYIO THIIOTE3Y B Tpex Ghopmax:

Ho: pir=—aifo ; Ho: fo= —(Bi/a1) ; Ho:a1= — b1/ po) .
CoorBercByomue 3TuM popmam P-sHauenns y°(1)-kpurepues pasus 0.515, 0.514 u 0.506, Tax
YTO BBIBOJBI B OTHOILIEHUH TrUnoTe3bl Hy cormacyroTcs: 3ta rumote3a He oTBepraercs. [locnennee
03HAYAET, YTO MOKHO MEPEUTH K OLEHUBAHUIO MOJIENU C OTpaHUYEHUEM Ha KOO(PUIIMEHTHI B BUIE
p1=—aifo, T.. K MOAETU V;, = a1y, -1+ Pox;— aifox;- 1+ & . B utore noxyyaem OIEeHCHHYIO
MOJIETTh
Dependent Variable: Y

Convergence achieved after 3 iterations
Y =C(1)*Y(-1)+C(2)"X-(C(1)*C(2))"X(-1)

Coefficient Std. Error t-Statistic Prob.

c(1) 0.575812 0.083369  6.906747  0.0000
c(2) 0.182370 0.019110  9.543254  0.0000

KOTOPYIO MOXKHO 3aIlliuCaTb B BUJC
Ve = 0.576‘)/;7] +0.182 Xt — 0.105 Xt—1 + &t .

Takum 00pa3oM, BO BCEX PAaCCMOTPEHHBIX Ciydasx, korna DGP sBnsuics 4acTHBIM ciydaem
BbIOPAHHOW [UIS OLICHWBAHUS CTAaTUCTHYECKOW MOJIENH, MOCIIEJOBATEIbHOE NMPUMEHEHHE METOJa
PEeRYKIIMH MOZETH OT OOIIEro K YacTHOMY ( C MpeiBapUTeIbHOM MpoBepkoil SM Ha afeKBaTHOCTD)
BBIBOAWJIO HAac Ha peAyLUpPOBAHHBIE MOJENH, CHeUU(UKALUs KOTOPbIX COOTBETCTBOBAJA
cneuupukanun DGP. B To e BpeMsi, Kak MbI BUACIH TEepel STHUM, IIPHU IBUKEHUHU “OT YAaCTHOTO K




001eMy” BO3MOXHBI CHTyalluM, KOTJa OCTaHOBKAa MIPOMCXOJUT Ha MOJENH, CYIIECTBEHHO
ortanyaromeicsa or DGP, xots 1 npoxoasiieii cTaHgapTHRIC TECThl HAa aJcKBATHOCTh MMEIOIIUMCS
CTaTUCTUYCCKUM ITAHHBIM.

D710 emie pa3 MOAYEPKUBACT MPEANOYTUTEIHHOCTh HUCIONB30BAHUS NPU MOA00pEe Mojesel mo
CTATUCTUYECKUM JAHHBIM METOo/a “OT OOIIero K YacTHOMY , T.. IMEPBOHAYAIBHOMY BBLIOOPY
JIOCTaTOYHO OOIIe MOJeNnu, MPOBEPKM €€ Ha aJeKBAaTHOCTh HMMEIOIIUMCA CTaTUCTHUYECKUM
JMaHHBIM, W, B Cllydae MPU3HAHUS BBIOPAHHON MOJETM aJCKBATHOW JaHHBIM, TOCICIYIONICH
PEAYKIUU 3TON MOJIEH C UCTIOIB30BAHUEM CTAHJAPTHBIX KPUTEPUEB CriCIU(UKALINY.

B cBsi3u ¢ mocneqHUME 3aMEYaHUSIMHE, €Ie pa3 o0paTHUMCcs K MOJEIH JIMHEHHOW perpeccuu ¢
ABTOKOPPEIMPOBAHHBIMU OLIMOKaMH, OOpPa3yIOIMMHU CTAalMOHAPHBIA IPOLIECC aBTOPErPECCUU
nepBoro mopsijaka. B y4eOHOIl nuTepaType 1Mo 3KOHOMETPUKE JOBOJIBHO YacTO JIENaeTcs yrmop Ha
9Ty MOJIEIbh KaK CPEICTBO IMPEOJOJICHUS MPOOJIEMbI aBTOKOPPEIMPOBAHHOCTH OIMIMOOK B paMKax
u3BecTHhIX mpouenyp Koxpeitna — Opkarra unu Ilpaiica — Yuncrena. OnHako, Kak sSICHO W3
MPEABIAYIIEro U3JI0KEHHsI, TaKass MOJIeNb (B HAIIEW HyMEpaluKu — MOJIEIb §) SBIISIETCS] BCETO JIMIIb
BeChbMa YacCTHBIM ciiydyaeM oOmied nuHamuueckord momenu ADL(1,1;1). B pamkax »Toii oOmiei
MOJIEIIH

yi=ptary ot Poxi+ Pyt
MOJI€JIb, O KOTOPOU HJIET PEUb, BHIJCISAETCS BBHITIOJIHEHUEM COOTHOIIICHUS

ﬂl :—alﬁo-

B o xe Bpewmst, ipu fo# 0 oburyto moaens ADL(1,1;1) MOXXHO MpencTaBUTh B BUIE

(1 —ail)y:=po 1+ﬂL xte,
0
NJIn
a(L) yi=b(L) x; + &,
rac

a(l)y=1-aiL, b(L)=fo 1+ﬁL
Py
(st mpoctoTsl MBI ostaraem u = 0.)

Ecnu a, = _ﬂ TO MOJIETTh IPUHUMAET BU]T

s
0

(A—allyy,=po(1 —ail)x,; + ¢,
Tak 4yTo MHOTOWIeHBbl a(L) u b(L) umerotr odowuit muoxcumens (1 — a,L). PaznenuB obe gactu
YpaBHEHHUS HA 3TOT OOIINY MHOXKHUTEIb, MOJTy4aeM

Ye=Poxi+uy,
rae



gl‘
U, =—"—,
l-a,L
tak4to (1 —aill)u,=& v uy=ayu;1+é.
B cBs3u ¢ HanuuueMm OOLIEr0 MHOMKHUTEJNS, MOJAEIb aBTOPErPECCHOHHBIX OMIMOOK OTHOCAT K
knaccy mopenei, Hocsmemy HazBanue COMFAC (common factors). PaccmarpuBaemass mMoziens

00s13aHa TPUHAIJICKHOCTHIO K TOMY KJIaCCy UMEHHO HAJIMYWIO OrpaHuueHus [, = — aify . Knacc
COMFAC sBnseTcst BeCbMa 4acTHBIM CIIy4aeM MOJEJIEH C aBTOPErPECCHOHHO PACIPEAEICHHBIMU
3ama3/bIBaHUSIMH. [TosTomy IpUMEHEHNE 0OBIYHOM HpOLEeTy Pl IPOBEPKHU

AaBTOKOPPEIMPOBAHHOCTH OLIMOOK B MOJENH perpeccuu y; = fo X; + u; U KOPPEKUUHU
O0OHapy’>KEHHOM aBTOKOPPEINPOBAHHOCTH IOCPEACTBOM aBTOPETPECCHOHHOIO IpeoOpa3oBaHus
NIePEMEHHBIX, BOOOIIIE TOBOPs, HEKOPPEKTHO. [IpaBMIIbHBINA TOPSIIOK AEHCTBHIA JOIKEH COCTOSTh

e B ycranonenun npuronHoctd Monenu a(L) y; = b(L) x; + & ¢ MOMOIIBIO PA3INYHBIX
KPUTEPHUEB aJCKBAaTHOCTU; THIIOTE3a O TOM, YTO DS & SABISAETCA IaAyCCOBCKUM O€IbIM
IIyMOM, HE JOJDKHA OTBEpPrarbCsi — B IPOTUBHOM CIy4yae CJIEIyeT T'OBOPHUTH O
HEMPUTOTHOCTH YK€ ITOU 00IIeH MOJICIIH.

e B mpoBepke runoressl 0 TOM, YTO MHOTOUIeHBI a(L) u b(L) uMeroT od1ue KOpHHU.

e Hakoser, B ciyyae MOATBEPkKACHUS 00eUX TUIIOTE3 ClIeAyeT MpoBepuTh runoresy Ho: a;
= 0 (oHa COOTBETCTBYET MOJIEIN CTATUUYECKOM perpeccun). 3aMeTUM, 4TO OTBEPKEHHE
9TOM THIIOTE3bl HEMOCPEICTBEHHO B MOJEIU C ABTOKOPPEIMPOBAHHBIMU OLIMOKAMHU
BOBCE HE JIOKA3bIBAET HAJMUMUS YKA3aHHBIX OOIUX MHOXKHUTEJCH.

OnHako 3/1eCb UMEIOTCSI HEKOTOPBIE CII0KHOCTH.

Ha mepBom mare rumore3a Hp: “e, — Oenprid mym” mpoBepsieTCs, B YaCTHOCTH, TPOTHUB
anbrepHaTuBbl Ha: &~ AR(k) ¢ k<p, T.e.

E=p1& 1T .. tppE_ptT vy,
rae v;~i.i.d. uxord 661 o1HO p;# 0. MoJeinb, COOTBETCTBYIOIAs albTEPHATUBE, UMEET BH]

n=aryiatpoxitpixi atpre it tppe v,

U, GaKTUYECKH, peUb UIET O MPOBEPKE TUIOTEe3bI H: p12 =..= pp2 =0 npotuB Ha:p)® + ...+ pp2
# 0 . Takyro mpOBEPKY MOKHO OCYILECTBUTbH, UCIOJIBb3Ys CTaHAapTHbIH LM kputepuit bpoiima —
Tondpu. B 10 ke BpeMs HE PEKOMEHIyeTCsI UCTIOIB30BaTh ISl OTOW IeNI KPUTEPUH, OCHOBAHHBIC
Ha cratuctukax bokca — [upca u Jltonra — bokca u3 pa3a. 3.1 v npeaHa3HayeHHbIC U1 aHAJIN3a
“crIpbIxX”’ psnoB. (CM., Hampumep, ctaThio [Kwan, Sim (1996)].)

[TpoGiieMbl BO3HMKAIOT W C NMPUMEHEHHWEM CTaHAApTHOrO KpuTepus Banbna s mpoBepku
runotes3sl Hy: f1 = — a1y npotus ansrepHatuBbl Ha: f1 #— a1f . Jleno B ToM, 4TO 3Ta runoresa He
ABJISIETCS] JINHEWHOMU, a B TAKMX CIIy4asX pe3yjbTaThl IPUMEHEHHUs Kputepus Bampna 3aBUCAT OT
TOTO, B KaKoi (opme 3amucano orpanudenue: 1 = — aifo, ai=— p1/pfo wm po=— i/ a; , 4to
MOET MPUBOJUTH K IPOTUBOPEUNBBIM BBIBOJAM.




OTMeTHM Takke MpoOJIeMy, CBS3aHHYIO C IMOCIEOBATEIBHBIM HCITOJIb30BAHUEM HECKOJIBKUX
KpUTEpUEB MPOBEPKU TUINOTE3. B paMkax paccMOTpeHHOW MpoLeAypbl MPUXOIUTCS, MO KpaiHen
Mepe, cHadajia MpoBepsTh runote3y H; o Hamuuum oOMMX MHOKMUTENEH, a 3aTeM, €CJIM OHa HE
oTBepraercs, NpoBepsaTh runotedy Hy: a; = 0 0 HeKoppenupoBaHHOCTH OMIMOOK B CTATHYECKON
MOJICIIH PETPECCUH.

[IycTh Kakmasi U3 3THX THIOTE3 MPOBEPSETCS HA YPOBHE 3HAUMMOCTH «, ckaxkeM, o= 0.05.
KakoBa B Takoil cHUTyalluu BEPOATHOCTh OMIMOOYHOTO OTBEPKEHHS MOJENH CTAaTUYCCKOM
perpeccun? Mmeem:

P{ommbouno oTBepraercs xots Obl onHa U3 runote3 Hy, Hy} <

< P{ommb6ouno otBepraercs H;} + P{ommbouno otBepraercs H,} =

=at+ta=2«.

CnenoBatenbHO, €ciau NOoJ0XUTh o= 0.025, TO BEpOSATHOCTh OTBEPKEHUS MOJEIN CTATUYECKOU
perpeccuu B paMKax JBYXCTYIEHYATOH Mpoueaypsl He OyneT npesbimaTh 0.05. 3ameTtnM, 94To mpu
S9TOM MBI €IIe HE MPUHUMAIU B pacyeT OIIMOKHU, CBSI3aHHBIE C BO3MOXKHOCTHIO HEMPaBUILHOM
IMAarHOCTHUKH OOIIel MOIEIIH.



maBa 5. HectaunoHapHble BpeMeHHble paabl

B sT0i1 rnaBe HaM y100HO BPEMEHHO BEPHYTHCS K IPOMUCHBIM M CTPOYHBIM 0003HAYEHUAM AJIS
CIIy4alHBIX BEJIMYUH U UX peaanu3aluii, COOTBETCTBEHHO.

MB!I HayHEM WM3JI0KEHHE C pPAaCCMOTPEHMs [BYX BpPEMEHHBIX psAnoB. llepseiii u3 Hux
NPEICTaBIseT CTATUCTUYECKUE JaHHbIE O BEJIMYMHE BAJIOBOrO HalMoHaabHOro npoaykra (GNP —
gross national product) B CILIA 3a nepuon ¢ nepsoro kBaprana 1947 r. no yerBepThIiii kBapTan 1961
r. (CE30HHO CKOPPEKTHPOBAHHBIC KBapTalIbHBIC NAaHHBIE B Tepecdere Ha roa — 60 HaOMroACHUH,
MApO NOJIL., B TEKYIIUX IeHax). I'paduk sToro psna
600

500

400

300+

UMeeT BbIpaKEHHBbIM JnuHeHbI Tpena. Bropoit psn (NONDURABLE) npeacrasnser
CTaTUCTHYECKUE JaHHble 00 00beMe MOTPEOMTEIbCKHX PAacXOJ0B HAa TOBAapbl KPAaTKOBPEMEHHOI'O
NIOJIb30BAHUS M yCIYTH B BennkoOpuTaHuu 3a mepuon ¢ mnepBoro kBaprana 1974 r. mo ueTBepThIid
kBapTan 1985 r. (Ce30HHO CKOPPEKTUPOBaHHbIE KBapTajbHbIC HaHHble — 48 HaOIrOAEHUM, MaH

(YHTOB CTEPIMHIOB, B TEKYLIUX LIEHAX ):
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56000

54000 4
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DTOT psijI TaKkKe OOHAPYKUBACT JIMHEWHBIN TPEHI.



XoTsi BBIOOPOYHBIE ABTOKOPPENSLIMOHHBIE W YAaCTHbIE aBTOKOPPEISLUOHHbIE (YHKIUU
ONPEIEIAINCH Y HAC I CTALIMOHAPHBIX PANOB, IOCMOTPUM Ha KOPPEIOTrPaMMBbI, IOCTPOCHHBIE T10

npejcTaBieHHbIM 1aHHbIM. [lig psaga GNP koppenorpamMMa umeeT BUj
Autocorrelation Partial Correlation AC PAC (Q-Stat Prob

| [k Jpeeeses 10946 0.946 56419 0.000
| [ . 2 0.893 -0.021 107.52 0.000
3 0.840 -0.024 153.55 0.000
4 0.791 0013 195.14 0.000
5 0743 -0.021 232.52 0.000
6
7
8

| ook
[
[
[
[
[

0.696 -0.022 265.90 0.000
0.648 -0.030 29541 0.000
0.599 -0.044 321.09 0.000
9 0.550 -0.033 343.13 0.000
10 0.498 -0.052 361.57 0.000

|

|
|
|
.
.
LR *|. 11 0.442 -0.073 376.44 0.000
LR | 12 0.388 -0.034 388.08 0.000
LEEE | 13 0.337 -0.002 397.06 0.000
L|EE .- 14 0.291 0.007 403.91 0.000
L|EE .- 15 0.253 0.041 409.21 0.000
|** | 16 0.218 -0.002 413.22 0.000
|* | 17 0.182 -0.034 416.08 0.000
|* | 18 0.143 -0.044 41790 0.000
|* | 19 0.106 -0.021 418.92 0.000
)* | 20 0.069 -0.039 419.36 0.000
. | 21 0.032 -0.028 419.45 0.000
- N 22 -0.003 -0.030 419.45 0.000
- - 23 -0.037 -0.021 419.59 0.000
% ) . 24 -0.066 -0.005 420.04 0.000
A s psina NONDURABLE
ACF PACF AC PAC Q-Stat Prob

SRRk ek 10917 0917 42.921 0.000
L [FEEEEE | 0.843 0.014 79.976 0.000
| oo | 0.774 -0.004 111.92 0.000
| ok . 0.704 -0.040 138.99 0.000
| ok . 0.643 0.013 162.09 0.000
[ . 0.581 -0.041 181.36 0.000
| [ | 0.510 -0.090 196.57 0.000
[ N 0.439 -0.050 208.14 0.000
e | 0.366 -0.066 216.39 0.000
|
|
|
|
|
|

O 01N W K~ Wi

CEE 10 0.300 -0.012 222.07 0.000
11 0.246 0.026 225.99 0.000
12 0.196 -0.006 228.56 0.000
13 0.150 -0.013 230.11 0.000
14 0.106 -0.025 230.91 0.000
150.072 0.036 231.28 0.000

¥
¥
¥
*



o 16 0.041 -0.016 231.41 0.000
|. 17 0.019 0.028 231.43 0.000

% 18 -0.007 -0.063 231.44 0.000
: . 19 -0.032 -0.018 231.52 0.000
* % 20 -0.062 -0.073 231.85 0.000

Ecnu oTBieYbCs OT BUIUMON HECTAIMOHAPHOCTH ATHX PAAOB, TO MoBeaeHue BIOOpoUHBIX ACF n

PACF npennonaraet uaeHTHQHUKAIUIO 000uX psaoB kak psgoB tuna AR(1). Mmes B Bugy Hamudue

Y PAI0B BBIPAXKEHHOTO JIMHEHHOTO TPEH 1A, MPOU3BEIEM OLICHUBAHUE MOJEIICH
Xi=a+pt+taX;tu.

(3meck MBI UCTIONIB3yeM O0O3HAauYeHUEe U, , a HE & , TIOCKOJBKY PSAJl U, HA OTOT pa3 MOXKET U HE

SIBIIATBCS OCJIBIM IITyMOM. )
OTO NMPUBOAUT K CIETYIOIIUM pe?,ym,TaTaM.1
Hns psna GNP:

Dependent Variable: GNP

Method: Least Squares

Sample(adjusted): 1947:2 1961:4

Included observations: 59 after adjusting endpoints
Convergence achieved after 3 iterations

Variable Coefficient Std. Error  t-Statistic Prob.
C 216.0630 11.30237 19.11661 0.0000
T 5.269279 0.281754 18.70170 0.0000
AR(1) 0.846976 0.072723 11.64665 0.0000
Inverted AR Roots .85

OcraTku OOHAPY’>KMBAIOT SIBHYIO aBTOKOPPEIHUPOBAHHOCTh : P-3Hauenue kputepus bpoifma —
l'ondpu mpu anmsrepHatuBe AR(1) paBHo 0.0000. IlepeorieHnBaHHe C BKJIIOYEHHEM B MOJETH
3amnas/blBaHus Ha JBa KBapTajia, JaeT:

Dependent Variable: GNP

Method: Least Squares

Sample(adjusted): 1947:3 1961:4

Included observations: 58 after adjusting endpoints

Convergence achieved after 3 iterations

Variable Coefficient Std. Error  t-Statistic ~ Prob.

! IpuBomMbIe B Tabnuiax oueHkn koHcTauTbl (C) 1 Kod(duumenta npu nepemenHoii ¢ (T) COOTBETCTBYIOT
OLIEHKaM [ W y B IIPEACTABICHUH

K—pu-pt)y=aXy —u—y(t=1) tax(X,» —p—y(t-2)) tu
(a; = 0 i mepBoit U3 ABYX TaOIMIl). DTH OICHKH IOJIYYalOTCs MPUMEHCHUEM HEIMHEWHOr0 METOJIa HAMMEHBIIINX

kBazaparoB. [Ipu aTom o06o3HaueHne AR(1) ykasbiBaeT Ha olleHKy 1l @), a AR(2) — Ha oueHKy st a; .



C 217.7399 5.054473  43.07865  0.0000

T 5221538 0.140436  37.18089  0.0000
AR(1) 1.380274 0.109452  12.61078  0.0000
AR(2) -0.630066 0.109453  -5.756490 0.0000
Inverted AR Roots ~ .69-.39i _ .69+.30i

Monynu KOMIUIEKCHBIX 4ucell, 0OpaTHBIX aBTOPErPECCUOHHBIM KOpHAM, paBHbI 0.7926, uTo
TOBOPUT B I10JIb3y CTALMOHAPHOCTHU JAE€TPEHAUPOBAHHOTO psizia

X' =Xi— u—yt.

K mnocrtpoenuto mozenmu s psapa GNP MoxHO nmomoith m nHavye. CHayajla NpPOU3BECTH
JNETPEHANPOBAHUE psAJa, OLICHUBAs MOJIENb

Xi=u+yt+tu:
Variable Coefficient Std. Error  t-Statistic Prob.
C 218.4825 2.640153 82.75373 0.0000
T 5.181995 0.075274 68.84144 0.0000
Durbin-Watson stat  0.316211 _  Prob(F-statistic) 0.000000

Ocratku, MosyuYeHHbIe IPU OLEHUBAHUHU 3TON MOJIENH, 00pa3yloT OLEHEHHBINH 1eTPEeHANPOBAHHBIN

pAI, KoppeaorpaMma KOTOporo
Autocorrelation Partial Correlation AC PAC (Q-Stat Prob

1 0836 0.836 44.028 0.000

2 0531 -0.554 62.115 0.000

3 0.183 -0.210 64.294 0.000

4 -0.100 0.044 64.960 0.000
x| . 5 -0.272 -0.004 69.949 0.000

6

7

8

. .

k| . -0.339 -0.082 77.846 0.000
| . -0.350 -0.169 86.446 0.000
o] . -0.332 -0.072 94.332 0.000
| . 9 -0.281 0.058 100.07 0.000
| . 10 -0.234 -0.177 104.16 0.000
| k| 11 -0.234 -0.321 108.32 0.000
| ] 12 10226 0.103 11226 0.000

MO3BOJISIET WACHTH(PHUIIMPOBATH 3TOT pa kak AR(2). Ilocne storo moxHo ctpouth AR(2) moznens
U151 (OLIEHEHHOT0) AETPEHMPOBAHHOTO psijia
)(t_detrended =X, —218.4825 -5.181995 ¢ :

Variable Coeff. Std. Error  t-Statistic Prob.
AR(1) 1.379966 0.107605 12.82435 0.0000
AR(2) -0.630426 0.107605  -5.858722  0.0000

OOBenuHss pe3yJIbTaThl OCIEAHUX JIBYX OLCHUBAHHH, [TOJIYYaeM OLICHEHHYIO MOJICIb
X, —218.4825-5.181995 t =
=1.379966 (X, —218.4825 —5.181995(¢+-1)) —
—0.630426 (X;» —218.4825 — 5.181995(t-2)),



WIu
X; = [(1-1.379966 + 0.630426)-218.4825
+1.379966°5.181995 — 0.630426°5.181995-2]
+ (1 -1.379966 +0.630426) -5.181995 ¢
+ 1.379966 X, 1 —0.630426 X, , + ¢,
= 55.338375 +1.297882 t + 1.379966 X,_1 — 0.630426 X, », + ¢;.
B 10 xe Bpemsi, 10 IpUBEICHHBIM Pe3yJIbTaTaM OIEHUBAHUS MOJICITH
Xi=a+pt+aXo+aXotu
noJry4aem
X;—217.7399 — 5221538 ¢t =
=1.380274 (X1 —217.7399 — 5.221538(¢-1))
—0.630066 (X; 2 —217.7399 — 5.221538(t-2)),
GR 0
X; = [(1-1.380274 + 0.630066)-217.7399
+1.380274:5.221538 — 0.630066°5.221538-2]
+ (1 -1.380274 +0.630066) *5.221538 ¢
+ 1.380274 X; 1—0.630066 X; , + ¢,
= 55.017011 + 1.304298 ¢ + 1.380274 X._1 — 0.630066 X, , + ¢;,
TaK 4TO PE3yJbTaThl, MOJTYYEHHbIC MPHU HCIOJb30BaHUU OOOWX BAPUAHTOB IMOCTPOCHHUS MOJIEIH,
MPAaKTHYECKH coBmanaoT. [IoATOMy MOXHO HMCIONB30BaTh CMEIIAHHBIN BapUaHT — HCIOIB30BATh
NETPESHANPOBAHHBIA  psAA U1 WUIACHTH(PUKAIMUM  TOpsAIKAa  MOJENTH, a  OIICHUBATH
UACHTU(DUIIMPOBAHHYIO MOJIENIb BMECTE€ C BKIIOYCHHBIM B HEE TPEHIOM, B JIaHHOM Clly4ae —
OIICHUBATh MOJIeTb X; = o + ft + a1 X1 + axXint u, .
3amMeTuM, YTO AMATHOCTHUKA PSAJOB OCTATKOB B OOEUX OIEHEHHBIX MOJENSAX TOBOPUT B MOJB3Y UX
aJICKBaTHOCTH.

[lepeitnem teneps k psxy NONDURABLE. Koppenorpamma aerpenaupoBaHHOro psaa (psaa
OCTAaTKOB OT OIEHEHHON MOJIENIN perpeccuu X; Ha KOHCTAHTY U [ )
Autocorrelation Partial Correlation AC PAC (Q-Stat Prob

| [ peesis 10793 0.793 32.083  0.000
[ . 20632 0011 52942 0.000
[ k| 30432 -0.195 62.887 0.000
[ k| 4 0219 -0.193 65515 0.000
L . 5 0.09 0.062 65965 0.000
# *| . 6 -0.067 -0.152 66.218 0.000
k| k| 7 -0.242 -0.277 69.647 0.000
K| *| . 8 -0.362 -0.084 77.505 0.000
HAAK| k| 9 -0.510 -0.211 93.500 0.000



0OHapyXMBAET PE3KO BBIJCISIIONIMICA MUK Ha Jiare 1, Tak 4TO MOKHO TOMPOOOBAThH OILICHHUTH
moueinr X, =aoa + ﬁ t + aiXp1 + u, . OTO 1aet cneAyromre pe3yabTaThl:

Variable Coefficient Std. Error  t-Statistic Prob.

C 47962.75 2862.678 16.75451 0.0000
T 315.1909 76.44770 4122961 0.0002
AR(1) 0.884803 0.080824  10.94727  0.0000

HaGmonaemble P-3nauenus cratuctuk Jlronra — bokca ans psaa octatkoB npebimaioT 0.05 mpu
Bcex BbiOopax M ot 1 no 20. [IpoBepka Ha OTCYTCTBUE aBTOKOPPETUPOBAHHOCTU MO KPUTEPHUIO
bpoiimra — I'ondpu maer P-znauenusi, 6onpmme 0.05, kak npu AR(1) ampTepHaTtuBe, Tak U IpU
anprepHaTuBax AR(2), AR(3) u T.n. Haxonen, mpu mnpoBepke HOpMadbHOCTH P-3HaueHune
cratuctuku Jarque — Bera paBHo 0.648 , Tak YTO 1O COBOKYIHOCTH 3THUX PE3YJIbTaTOB MbI MOIJIU
ObI TOBOPUTH O MPUTOJHOCTH OLIEHEHHON MOJAEIH

X; —47962.75-315.1909 ¢t =

= 0.884803 (X1 —47962.75 -315.1909 (+-1)) + e, .
OOpatum, ogHAKO, BHUMaHHE Ha clieAyromee odcrostenscTBO. Onenennoe 3HadeHune (.884803
ko3pduuuenta npu X, JOCTaTOYHO ONM3KO K E€OUHMLE, UM €CIM OPUEHTHPOBATHCA Ha
BbruuciieHHoe 3HaudeHue 0.080824 cranmaptHO ommOkm anst sToro koddduumeHra, To mpH
JONYILIEHUH OTKJIOHEHUI OT OLEHEHHOro 3HAuYeHMs B Ipelenax JBYX CTaHJapTHBIX OIIMOOK, B
uHTEpBaN AonycTuMbIX 3HaueHuid 0.884803 + 2-0.080824 nomanaroT u 3HaYeHUs, OONbIINE WIH
paBnble 1. Ho mocneanne cOOTBETCTBYIOT HECTAIIMOHAPHOMY MPOLIECCY aBTOPETPECCHH.

Takum o00pa3oM, HeECMOTps Ha TO, YTO MpH NOJyuyeHHOW ToueuyHoil oneHke 0.884803
ko3pduuuenta npu  X,; MOCTpOEHHass MoOjedb (OPMAJbHO OKa3bIBAETCS CTALMOHAPHOM
OTHOCHUTEJIBHO JETEPMUHUPOBAHHOTO JIMHEWHOTO TpeHaa (T.e. JETPEeHAMPOBAHHBINA Mpolecc
cienyeT ctaunoHapHoi AR(1) mozmenu), Mbl HE MOKEM C JIOCTaTOYHON CTENEHbIO YBEPEHHOCTU
rapaHTUpOBaTh, YTO MCTUHHAs MOJENb IOPOKICHHUS HAONIOJEHUN Takke  CTallOHapHa
OTHOCHUTEJIHO JTUHEHHOIO TPEHA.

Mexny TeM BOINPOC O CTAlMOHAPHOCTH WM HECTAMOHAPHOCTU MOJIEIH, IOPOKIAoLIE
HaOIroaeMblid psii, MpHUBIEKAaeT K ce0e MOCTOSHHOE BHMMAHHUE YK€ B TEUEHHE HECKOJIbKUX
necsaTkoB jeT. OcoO0eHHO 3TO BHUMaHUE yCHWJIMJIOCH mocie cepuu padbor 80-x ronosB 20 Beka, B
KOTOPBIX OBLIO BBEICHO MOHATHE KOMHTErpanuu. C MOMOIIbIO 3TOr0 MOHATUS Obula 000CHOBaHA
METOJIMKA [MOCTPOCHHUS “‘MOieNIel KOPPEKIIMHU OLIMO0K ™, B paMKaX KOTOPBIX YJIAeTCsl MOJEINPOBATh
HaJIMYME JOJTOBPEMEHHBIX CBSA3€M MeX1y NEepeMEHHbIMM BMECTE C YKa3aHHEM KpaTKOCPOYHOM
JTUHAMMKH, 00eCTIeYnBaIOLIEeH MOIep>KaHUE ITUX JOJITOBPEMEHHBIX CBS3EH.

B nocnenyromeM U310KEHUU MBI PACCMOTPUM BOMPOCHI, CBA3aHHBIE C METOAAMHU PA3TUYEHUS
CTallMOHAPHBIX (CTaLlMOHAPHBIX OTHOCUTENBHO ETEPMUHUPOBAHHOTO TPEH/IA) U HECTALIMOHAPHBIX
psanoB B pamkax ARMA wozeneif, a Takke BONPOCHI IOCTPOEHHUS MOJENEH CBSA3M MEXIY
BPEMEHHBIMU PSIIaMHU.




5.1. HecmayuoHapHbie ARMA modenu

Haunem paccmotpenue ¢ Hanbosee nmpocToi Mozenu — npouecca AR(1)

Xi= a1 X1+ &
MBI yKe 3HaeM, 4TO TaKOM MPOLIECC SBISETCS CTAlMOHAPHBIM IIPH BBIIIOJIHEHUH YCIoBUs — 1< a; <
1. A Kak mposIBIIsICTCS HECTAIMOHAPHOCTD psiia X; MpH HapylIeHUuH 3Toro yciosus? [IpuBenem
CMOJICTIMPOBAHHBIC peanu3aiuu Takoro psga npu a;=0.5,a,=0.7,a;=09,a,=1,a,=1.05, a; =
1.1.
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Bo Bcex ciyyasix B KayecTBe HaualbHOrO 3HaueHus X; B3IT0 X; = 0 M MCIOJIB30BasIach OJHA U Ta
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OpHako TOBEJCHHE CMOJICIIMPOBAHHBIX PSAIAOB OKA3aloCh KAaueCTBEHHO pPa3Nu4HbIM. [lonme3Ho
OpOCIEONTh, KaK HW3MEHSETCS XapaKTep TPAaeKTOpUH psiia ¢ BO3pacTaHWEM 3HAYCHUH
kodpduuuenta a; or a; = 0.5 10 a; = 1.1. 3ameTum Hpu 3TOM, YTO B HOPOXKAAIOIIMX MOJEIAX
MaTeMaTH4ecKue OKUIaHuA X; paBHBI HYJIIO.

o




Mogaeanb Kou-Bo nepecevennii | Cpeanee 3HaueHue
HYJIEBOTO YPOBHS
Noise (0esblii nrym) 25 —0.046
AR(1) a;=0.5 14 —0.097
AR(1) a;=0.7 8 -0.191
AR(1) a1=0.9 8 —0.649
AR(1) a=1.0 1 —3.582
AR(1) a;=1.05 1 —13.511
AR(1) a=1.1 1 —59.621

[Ipu BO3pactanuu 3HaueHuss «; oT a;= 0 (Genwlid mym) 10 a@;= | KOJIMYECTBO TEpECCUCHHI
HYJIEBOT'O YPOBHSI YMEHBIIAETCs, Bce 00Jiee ATMHHBIMUA CTAHOBSITCS TIEPHOABI, B TEUEHUE KOTOPBIX
3HAYEHUS psAfa HAXOIATCS MO OAHY CTOPOHY OT HyJeBOro ypoBHs. PacimupenHnslil rpaduk psaa
npu a;= 1, npoanenssiit 10 500 HaGMIOACHHIA, MILTIOCTPUPYET XapaKTepHOE CBOMCTBO pean3aliii
nporecca
Xi=X1t &,

COCTOSIIIEE B TOM, YTO TaKOH MPoIlecC, HAYaBIIUCh B MOMEHT ¢ = 1 co 3HaueHus X;= x| (B JaHHOM
ciaydyae x; = 0), B JampHEHIIEM OYEHb PEIKO IEepeceKaeT YpoBeHb X (“BO3BpAIAETCA K YPOBHIO
X1”’) 4, HAXOSICh B TEUEHHE JITUTEILHOTO BPEMEHHU T10 OJIHY CTOPOHY OT 3TOT0 YPOBHSI (BBILIE WIIN
HUKE), MOYKET YJAIATHCSA OT 3TOTO YPOBHS HAa 3HAYUTEIIbHBIE PACCTOSHUS.

“IToBepHyTasi BEPTUKAIBHO’, TPACKTOPHS pANa HAMOMHHAET TPACKTOPUIO JIBMKEHUS CHUIIBHO
HCTPC3BOTO YCJIIOBCKA, MNbITAIOMICTOCA MHNPOABUIaThCA BICPCH IO HpHMOﬁ, HO HC HUMCIOHIICTO



BO3MO)XHOCTH YCHEIIHO BbIACPKUBaTh HYXHOE HampaBieHue. U 3To ClIyXUT HEKOTOphIM
onpaBIaHHeM TepMHUHa, ucnoiszyemoro 1 AR(1) nponecca ¢ a1= 1:
Xi=X;1+é& — cayuaiinoe onyycoanue (npouecc cayuainozo oayycoanusn — random walk).

Jlanee MBI paccCMOTpPUM 3TOT Mpolecc MoApoOHee, a ceiiuac oOpaTuM BHUMAaHUE Ha TOBEJCHUE
peanu3anuii npouecca

Xi=a X1 g
mpu a;=1.05 u a;=1.1. O6e peanuzanuu WUTIOCTPUPYIOT “é3pvlenoit” (“explosive’) xapaxkTep
noBeaenus AR(1) mpomecca mpu a; > 0: TpaekTOpUHM Mpollecca OY€Hb OBICTPO YAAISIOTCS OT
HAYaJIbHOTO YPOBHSI Ha BCE BO3pacTalollue paccTOsSHUSA. B cBs3U ¢ 3TUM “B3pbIBHBIE” MOJENH
HENPUTOJIHBI IS ONUCAaHUS TOBEJACHHUS MaKpOIKOHOMHYECKHX pAJOB Ha CKOJb-HHOYAb
MPOTSHKEHHBIX MHTEPBAJIaX BPEMEHHU.

[Tonnmanuo cronp pasnuyHoro moBeaeHus peanuszauuii AR(1) mpomecca momoraet
[IpE/ICTAaBICHUE MOJIEIU B BUJIE

Xi— X =alXe— X te=(ai— DX + &,
WIn

AXi=p X1 te,
rne

AX;=Xi— X1, o =a1— 1.

I[Ipu a;=1wumeem ¢ = a;— 1= 0, u npupamenus A X; psga X, o0Opasyior mporecc 6eoro
IIyMa, Tak 4TO yCIIOBHOE MaTeMaTudeckoe oxxunanue A X, npu pukcupoBaHHOM (HAOII01aEMOM)

3HAYeHUH X, | = X, HE 3aBUCUT OT X, 4 paBHO (0. COOTBETCTBEHHO, MPHU (PUKCHPOBAHHOM
(mabnromaemoMm) 3HadeHMH X, | = X,| , YCJIOBHOE MAaT€MaTU4YECKOE OXHAaHUE CIy4dailHON
BenmuuuHbl X, = AX; + X, paBHO x.; . Ecim pacnpenenenue ciydaiiHOW BETUYHHBI &

CUMMETPUYHO OTHOCUTENBHO HYJs (2 MMEHHO TaKOBO M TayCCOBCKOE pacmpefesieHue, KOTopoe
WCIIOJIH30BAJIOCh HAMU TIPU MOJICIMPOBAHMM), TO HaONomaeMoe 3HaueHue X, = X, MOXKET C
paBHBIM YCIIEXOM OKa3aThCsl Kak OoIblle, TaK MU MEHbIIE X, | . VIMEHHO 3TO W oOmpenenseT
“Oy XK IaloUMiA” XapaKTep TPAaeKTOpUH psa.

I[Ipu a; > 1 umeeM ¢ = a; — 1 > 0, u ycnoBHOE MaremMaTthueckoe oxuganue A X; mpu
¢dbukcupoBaHHOM (HAOIOIaEMOM) 3HAYeHUU X, | = X,| , paBHOe E(A thXH =Xr1) =@ X1,
MMEET 3HaK, COBIAJAIOIIUNA CO 3HAKOM X, . Takum oOpazom, ecimu X, > 0, TO oxumaemoe
3HaUeHHWE Cleayronero HabmoaeHus X; = x, Oonblle 3HaUYeHUS X, , @ ecnu X < 0, TO
OKHMJIaeMO€ 3HAYCHHE CIIeIyIoONEero HaOmoaeHus X; = X, MEHbIIE 3HAa4eHUs X, . Hamuume
TaKOro MeEXaHW3Ma IMPHUBOJUT K OBICTPOMY H TPOTPECCHPYIOMIEMY VYAAJICHUIO TPACKTOPUU
mporiecca OT HavaJbHOTO YPOBHS, UTO M HAOMIOAANOCh HaMu i peanm3anuii AR(1) Mmogenu mipu
a1=1.05 u a;=1.1.

Haxkonen, npu 0 <a;<1 umeem ¢ =a;— 1 <0, 1 ycioBHOE MaTeMaTH4YeCKoe Oxkuaanue A X;
npu GUKCUPOBAHHOM (HaOIIOTaeMOM) 3HaUYCHUN X, | = X1 , paBHOe E(A X, | Xe1=X01) =@ X1,
MMEET 3HaK, MPOTHBOMOJOXKHBIA 3HAKy X, ). TakuM oOpaszoMm, eciu X, > 0, TO OXugaeMoe
3HauUeHWE Ccleayromero HabmoaeHuss X, = x, MEHbIIE 3HAYeHUs X, , a ecnu x.1 < 0, TO



OKHJIaeMOE€ 3HAueHHWe ClieAyloniero HaOmroneHuss JX; = x;, Oonplie 3HaueHHWs X, . Hamuuwme
TAKOr0 MEXaHM3Ma 00eCHeunBacT yAep)KaHUue TPAeKTOPUHU Ipoliecca B OTHOCUTENBHOM OIHM30CTH
OT YpOBH$, paBHOro O€3yCIOBHOMY MaTeMaTH4ecKoMy oxkuaaHuio E(X;) = u psna (B JaHHOM
ciryyae, 4 = 0), ¥ 10CTaTOYHO YacTOE MepeceyeHne TPAEKTOPUEN psijia 3TOr0 ypOBHSL.

Mpbl OorpaHMYMINCH 3[E€Ch PAaCCMOTPEHHMEM CcHUTyauud ¢ a; > 0, TMOCKOJIbKY OHM Haubosee
TUIOMYHBl Ul SKOHOMHYECKHX BpPEMEHHBIX psfoB. [l MONHOTHI TNpUBEAEM Takxke H
CMOJICTIMPOBAHHBIC peanu3anuu npomecca X; = a X, +& npu aj=—1 u aj=—1.1.
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o= 1 al=-1.1

OOpatuMmcs Tenepb K MpoLeccy ciay4yaiHOro OykIaHus
)([ :)(171 +8t: t= 1: [EED) T:
CO CTapTOBBIM 3HaU€HUEM Xj = Xo. MBI MOXKEM MPEICTaBUTh X; B BUJE
X=X +e= ()(t—z + 3:—1) te=Xotete = ()(t—s + 3:—2) tete =
=Xstearte 1t =...=Xo+(e1+..t&),

!
X, =X+ ¢;.
j=1

Ortcrona cpa3y nojry4aem:

EX,| Xo=x0)=xo ,

D(X; |X0 =x0) =D(e1 + ... + &) =D(&1) + ... + D(&,) = tD(e1) = to," .
Hanee,

Cov(X; , X1 | Xo = x0) = E[(X,— x0)(Xi-1 — X0) | Xo = x0] =

=E[(e1+..+te)e+..te)]=0-1 o

HC 3aBUCHUT OT 3HAUYCHUA Xp, TAK UTO

(t-o? (t-Do;
C X,aXt—l = 7 - g i
orr( ) \/D(X,)\/D(Xz—l) \/git\/af(t—l)




OTcroga HaxOquM:
Corr(X;, Xe1)

0

0.707
0.806
0.866
0.894
0.913
0.925
0.935
0.943
10 | 0.949

T.€. coceHue 3HaueHust X; U X, | OUYEHb CHIIBHO KOPPEIUPOBAHBI, IPUTOM MOJIOKHUTEIHHO U TEM
Oosnee CwiIbHO, yeM Oousbmie ¢ . M 9TO mpuUBOIUT K yke HAOMIOAABIIEMYCS HAMH XapakTepy
MOBEJCHUS TPACKTOPHM cirydaiiHOro Omyxaanus. Ha mepBbIX HECKOJIBKUX IIarax TPaeKTOpUs Kak
OBl “ompenensercs’, Te OHa OyJeT HAaXOJUTHCS 3aTeM B TEUEHHUE JOBOJBHO UTMTEILHOTO Iepruoaa
— BBIII€ WJIM HWKE HAYAIBHOTO YPOBHS Xo . TaK 4TO €CIM MOCJie HECKOJbKHUX IEPBBIX I1aroB
TPAEKTOPHUS CIIy4alHOTO OJy’>KIaHWs OKaszajllach HWXKE YpPOBHA X9 ( Kak 3TO ObUIO Yy
CMOJICJIMPOBAaHHOM HaMHM peaju3allik), TO OHA MOXET OCTaBaThbCid TaM B TEUYEHUE BeChbMa
MPOJOKUTENILHOTO BpeMeHU. Eciau cmonenupoBaTh OY€Hb UIMHHYIO pealu3alfio ClIy4ailHoro
Omy>KIaHus, TO OHa OYJIET COCTOSITh M3 YEPEAYIOMIUXCS JITMHHBIX YUYaCTKOB, HA KOTOPBIX (DyHKIIUS
HAXOJUTCSI, COOTBETCTBEHHO, BBIIIIE WM HUXKE YPOBHS X .
IIpn X, =0 nomyuaem
!

X, =&, t=1,..,T.
j=1

CONOANIA,WN=_|~

PaccmarpuBas nocnennuit psig cam 1o cede (He CBSI3bIBasi €r0 CO CTAPTOBBIM 3HAYEHHEM ), UMEEM:

EX)=0 , DX)=1t0.,

TaK 4TO 3TOT pAJ — HCCTAIMOHAPHBIN.

OTOT psfA SBISETCS MOJIEIBIO CHIOXACMUYECKO20 MPEHOd, KOTOPBI OOHapY>KUBAETCS BO
MHOT'MX 3KOHOMHWYCCKHUX BPCMCHHLIX pPAdaX U OOJDKCH 00s13aTeIbHO MNPUHUMATbBCd BO BHUMAHUC
MpPU TOCTPOCHUU PErPECCHOHHBIX MOJIETEeH CBS3M MEXIy IBYMS WU HECKOJIbKUMHU pPSIaMH,
MMEIOIUMH CTOXACTUYECKHUI TPEH.

[Tosicaum (yHAaMEeHTaIbHOE pPA3NUYUE MEXKIAY BPEMEHHBIMHU pSAIaMH, UMEIOLUUMH TOJIBKO
JNETEPMUHUPOBAHHBIM TpeHA, U psAamMH, KOTOpblE (BO3MOXKHO, Hapsily € JETEPMUHUPOBAHHBIM)
UMEIOT CTOXaCTUYECKUN TPEH]I.

J71st 5TOrO paccCMOTpPUM CIIEAYIOIIME IBE MPOCThIE MOJEIN HECTAIMOHAPHBIX psANOB. B mepBoit
MyCTh

X=atpft+e, t=1,...,T,

T.. Ha JCTEPMUHUPOBAHHBIA JIMHEHWHBIM TpPEHJ HAKIAAbIBAIOTCS CIydailHble OIIMOKH B BUJE
Oenoro mryma. A BTopasi yCTb MPEICTABIISIET CAYUaiiHOe DyHcOanue co CHOCOM, T.€. TIPOLIeCcC



Xi=at+tXte, t=1,....T, Xo=xp,
MpUpAIICHUsS KOTOPOTO UMEIOT HEHYJIEBOE MAaTeMaTUYECKOE OXKHUIaHNE
EAX)=0a%#0.
[Tpouecc X; BO BTOPO# MOJIENH MOKHO TPECTAaBUTh B BUJIE
Xi=oat X tea=at(a+t X te)te=2a+t Xm e +e =
=3a+X3teatete=...=x0tat+(e+..t&),

!
X, =x, +at+zgj ,
j=1
TaK 4To pAx X; MMEET U NeTEPMUHUPOBAHHBIM U CTOXACTUYECKUI TPEHIBI.
JleTpenaupoBaHue NEPBOTO psAla IPUBOAMT K PALY
X=X, —(atpo)=a,
KOTOPBIX ABJIAETCS CTALIMOHAPHBIM. /leTpeHaupoBaHue BTOPOTro psifa IPUBOIUT K PRy

X =X, ~(x,+an)=) ¢, ,
=1

KOTOPBI HE SBISETCS CTAllMOHAPHBIM.

[IeITaThCS OCTAIIMOHAPUTH PAJ MOKHO M IPYTHM cIIocoOoM. IMEHHO, MOKHO TIepeiTH OT psiza
ypoBHEU X; K psiiy pasHOCTEH

AX;=X - X,

(Takol mepexo]l B TEOPUH BPEMEHHBIX PSIOB Ha3bIBAIOT Oughghepenyuposanuem).

[Tpu TakoM mepexoe moiyyaem Ui IepBOTO psijia

AXi=Xi— X =(atfttre)—(atp—-1)te)=f+e—e,

a JUTst BTOPOTO psizia

AXi=X,— X1 =ate.

O6a npomuddepeHpoBanHbix psga A X; crammoHapHbl. [lepBblit nmpoauddepeHIMpOoBaHHBINA
psag oTtHocuTcss Kk kimaccy MA(l) um umeer maTemaruueckoe oxupanue —f . Bropoit
npoauddepeHnmpoBaHHbIi psig oTHOCUTCS K Kiaccy MA(0) u mMeeT MareMaTudecKoe OXKHIaHHe
o.

Taxum 00pa3zom, B OTJIMYHE OT JIETPEHANPOBAHUS, onepanust 1uddepeHINpOBaHNS IPHUBOIUT K
CTallMOHApPHOMY psiAy B 00oux ciydasx. OgHako B pe3ynbrate auddepeHmpoBanus IepBoro psaa
MOJTy4YaeTCsl TPOIECC CKOJB3SIMIETO CPEAHEro, KOTOPHIA He sBisieTcs oOparumeiM. M 3T0 mMMmeer
HEKOTOpbIe HEXKeNaTelbHbIe MOCIEACTBHS MPHU MOAOOpEe MOJENH MO CTATUCTHUYECKUM IAHHBIM H
WCTIOJIB30BaHUH TTOAOOpAaHHON MOIENH JUIsl IeJei MPOrHO3UPOBAHMS OYyIyIIMX 3HAYCHUH psfa.
(Cwm., nanpumep, [Hamilton (1994), rnaset 4 u 5].) B cinyuyae nHeo6patumoctu MA-cocTaBnsromen
npoaudGepeHIMPOBaHHOTO  psila CTAHOBUTCS HEBO3MOXKHBIM  HCIIOJIB30BaHHE  OOBIYHBIX
QITOPUTMOB MACHTU(UKAIIMU MOJENH, OLICHUBAHUS MOJENU U JTUArHOCTHKU OIICHEHHON MOJIeNH,
PacCMOTPEHHBIX paHee B IIaBe 3.

0060011231 paCCMOTPEHHYIO CHTYAIIHI0, PACCMOTPUM PSIJIBI



X, =6y+0,t+ 6, t2+8[
u
Y, =a+ﬁt+yt2+Z,,
rne Z; - Mpouecc, ONnpenesieMblid COOTHOIICHUSIMH
Zi= g +t26_1+3¢ 2+ ... tteg, t=1,..,T.
JleTpeHIpoBaHKE TIEPBOTO Psijia PUBOJUT K CTAIIHOHAPHOMY PSIY
X}OZAX[ —((9()+ 911"‘0212) =&.
JleTpeHIMpOBaHKE BTOPOTO Psijia MPUBOIMT K PSITY
Y=Y, —(a+pt+yf)=12,
y KOTOPOTO
D(Z)=D(e + 261+ 3¢ 2+ ... Tte)=c,(1+2+ ..+ =071 (t+1)2,
TaK 4TO JETPCHANPOBAHHBIIN PsJI HE SIBJIICTCS CTAI[HOHAPHBIM.
Eciii BMeCTO BBIYMTAHUS JTMHEHHOTO TPEHAA MPOou3BecTH MU HEepeHIIMPOBAHUE PSAIOB, TO IS
psana X; 3TO NMPHUBOAMT K PSIY
AX,=01— 0,+20,t+e —¢_1,
CTallMOHAPHOMY OTHOCHUTEJIHO JJMHEHHOTO TPEHAA: PSII
A X, —(91— 6, + 26, t):8[—8[,1
SIBIISICTCS CTallMOHAPHBIM, HO HeoOpaTuMbiM MA(1) psnom. Eciu ke npoauddepeHmpoBats psij
Y, , To B 3TOM Citydae npoauddepeHIIMPOBAHHBINA PSIIT
ANY,=—y+29)+2Z,—Z, 1=
= [—y+2pt+(e+26_ 1+3e 2+ ...Ftte)
— (&1 +26 2+ 36 3+t ...+ (t—1)e)=
= f—y+2pt+t(e1tert...te 1+¢)
YK€ HE SIBISICTCS CTALIMOHAPHBIM OTHOCUTEJIBHO JIMHEHHOTO TPEHIA: Pl
AY,—(f—y+2pH)=(e1+ter+...+e_1te)
HecranmoHapeH u npencTaBiseT co00i CTOXaCTHYSCKHI TPEHI.
C apyroit cTOpOHBI, OCYIIECTBIsIS ABYKpaTHOE AuddepeHupoBanue psjaa Y, , T.e. mepexoas K
psimy A’Y,,rne A>=(1-L)*=1-2L + L*, monyuaem craumonapssiii MA(0) psix
NY, =29+ AN Z=2y+Z,-2Z, |+ Z »=
=2y+(g+2 1+3g 2+ ...+te)
—2(e 1 +26 2136 3+ ...+t ({—1e)+
+(ern T2 3+t3e 4+ ...+ ({—-2)e))=2y+¢& .
[Tpu nBykpaTHOM AU GEpeHINPOBAHUU Psiaa X, , TPUXOAUM K Py
NX=AAX)=AX-X)=X—-X) - (X-1—-X, 1) =
=X -2X, 1+ X, 2=20,+¢& —2e_ 1t &2,
KOTOPBIA TIPEACTABISIET COOOM CTAaIlMOHAPHBIN TPOIECC CKOJB3smero cpeanero MA(2) c
MaTeMaTHYeCKUM  OXuaaHueM 26, , He YAOBICTBOPSIONUN  YCIOBHIO OOpPAaTHUMOCTH.
JleiicTBUTENHHO, YpaBHEeHUE b(z) = 0 31€Ch MPUHUMAET BU/]I
1-2z+22=0




Y UMEET JBONHOUN KOpeHb z = 1.
Takum oOpazom, ABykpaTHOe AuddepeHInpoBaHue “OcTallMOHapuBaeT” W psa X; u psag Y,
HO B clTydae psja X; pe3yJbTUPYIONUH psal He 00JIajacT CBOHCTBOM OOpaTUMOCTH.

O06006meHre TOJOOHBIX TPUMEPOB MPUBOJIUT K CIIETYIOIINM TTOHSATHSM.

Bpemennoil psn X; Ha3bIBaeTCs CMAWUOHAPHBIM OMIHOCUMENbHO 0CMEPMUHUPOBAHHO20
mpenoa f(t) , ecmu psan X, — f(¢) craumonapHbii. Ecim psg X, cralmoHapeH OTHOCHTEIHHO
HEKOTOPOTr0 €TEPMUHUPOBAHHOIO TPEHA, TO TOBOPSAT, YTO ATOT Psijl IPUHAIICKUT KIACCY PAOOE,
CMAYUOHAPHBIX OMHOCUMENbHO OEMEPMUHUPOGAHHOZ0 MpeHOa, WIA 4To OH sBisercs TS
paoom (TS — time stationary). B knacc TS paooe exniouaromea maxice cmayuonapuole paobl,
HE UMEIOIINE NETEPMUHUPOBAHHOTO TPEHAA.

Bpemennoii psg X; Ha3bIBaeTcs unmezpuposanuwvim nopaoka k, k=1, 2, ..., ecan

o pin X HE SBJSIETCS CTAllMOHAPHBIM WM  CTAI[MOHApHBIM  OTHOCHTEJIBHO
JETEPMUHUPOBAHHOTO TPEHAA, T.€. He sABaseTcs TS psaaom;

o psx A* X, , IONly4eHHBIH B pe3ynbTaTe k-KpaTHoro muddepeHuupoBanus psga X ,
ABJISICTCS CTALIMOHAPHBIM PSAAOM;

o pax A* " 'X, , momyuennsi B pesynsrare (k — 1)-kpatHoro muddepeHIMpoBaHns psa
X; , He gBisteTcss TS psimoMm.

Ecin nomarats A’X, = X, , To ipu k = 1 TpeTse ycnosue xyGnupyer nepsoe.

JUis MHTErpUpOBAaHHOTO psijia MOpsiAka k ucHoib3yloT obo3nHauenue I(k) . Ecim psan X,
ABJISICTCS MHTETPUPOBAHHBIM MOPAJKA kK , TO Mbl OyZieM 0003HAaYaTh 3TO JUIsl KPAaTKOCTH Kak Xy ~
I(k). B sroii cucreme o6o3nayenuit cootnomeHue X; ~ I(0) cooTBeTcTBYeT psay, KOTOPBIH
ABJISICTCS CTALIMOHAPHBIM U IIPU ATOM HE SABJIsIETCS pe3ysbraToM auddepenuupoanus TS psaga.

[Mycte TS psax umeer Buxg X, = a + ft + Y, , tne Y, — cTallMOHApHBIN Psijl, UMEIOIINI HYJIEBOE
MaTeMaTH4eckoe oxxuaanue. Toraa X; MOXKHO ITPEICTaBUTh B BUJIE

o o
X =a+Bt+dwe_;, vy=1, Dy <o,
Jj=0 Jj=0
rae & — nponecc 6emoro myma. (Mbl He 3aTparuBaeM 3/1eCh TEOPETHYECKYIO BO3MOXKHOCTH
HAJIMYUS B MPABOM YaCTH €ILE U TaK HAa3bIBAEMOW JIMHEWMHO JETEPMHUHUPOBAHHOW CTOXACTUYECKOM
KOMIOHEHTHI.) [lepexons k psay pazHOCTeH, MOTydaeMm:

AX, =870+ 206 )=

=B+ b, =B+b(L),,
j=0

VIS



bL)Y=YbL', by=1,b,=y,—y, , j=12,..,
j=0
Orcrona BEITEKAET, 4TO
b()=> b, =0,
j=0

T.€. ypaBHeHHe b(z) = 0 UMeeT eTMHUYHBIN KOPEHb.
Taxum 06pa3oM, eci Uit HEKOTOPOTO CTAallMOHAPHOTO psija Z; ,

Zi=p +b(L)e, e b(L)=) b,L', b =1,
j=0

BBITIOJTHEHO COOTHOILIEHUE

b(1)=0,

TO TOCJIeHEE YyKa3biBaeT Ha “‘miepenuddepeHmpoBanHoCcTh” psiga Z, : 3T0T TS psix moiydeH B
pesyabTare auddepeHuupoBanus HekoToporo TS psna.

CoOBOKYIHOCTh MHTETPUPOBAHHBIX PSIOB Pa3jMuYHBIX MOPAIKOB k = 1, 2, ... oOpa3yer kiacc
paznocmuo cmayuonapuuix, uin DS padoe (DS — difference stationary) . Ecin HekoTopsiil psn
X; IpUHAANIEKUT STOMY KJlaccy, TO Mbl TOBOPUM O HEM Kak o DS psade.

Ilycte psn X, — uHTerpupoBaHHBI mopsaka k . IlogBeprHeM 3TOT psanx  k-KpaTHOMY
maddepennmpoBanuto. Eciu B pesynbraTe moixyvaercs: cTanoHapHbii psa tuna ARMA(p, ¢q), To
TOBOPAT,YTO MCXOAHBIA pan X; saensemca paoom muna ARIMA(p, k, q), vim k pa3
npounmezpupogannvim ARMA(p, q) paoom (ARIMA - autoregressive integrated moving
average). Ecnu pu 3tom p = 0 wmm ¢ = 0, To TOorga ymoTpeOnstoTcst U Oojiee KOPOTKHE
0003HaYEHUS:

ARIMA(p, k, 0) = ARI (p, k), ARIMA(O, &, g) = IMA( £, q),
ARIMA(O, k, 0) = ARI (0, k) = IMA( £, 0).

Bo3sBpamasce K TOJIBKO 4TO PACCMOTPEHHBIM IIPUMEPAM, ITOTYYaEM:

Xi=a+pt+e ~10)

Xi=a+ X+ e ~1(1), X, —psan tuna ARIMA(O, 1, 0);

X, =0y +0,t+ 60, +¢e ~10);

X, =a+pft+yl+e+2 1436 2+ ... +te ~1Q2), X, —psnuma ARIMA(O, 2, 0).
IlepBslii 1 TpeTUil U3 3TUX pALOB sBIAIOTC TS psagamu, a BTopoi n ueTsepThlii — DS psagamu.
Hcnone3ys Ty K€ caMyl0 MMUTALMIO OEJIOro IIyMa, YTO U B MPEAbIAYIIMX MPUMEpax, MolydaeM
CMOJIEITMPOBAHHbBIE PEATU3ALUU IS IBYX IEPBBIX IIPOLIECCOB

TREND 1,=1+05t+¢&, &~N(,]1),

WALK, = 0.5+ WALK, | + ¢, &~ N(0, 0.5%), WALK, = 0:
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OneHuMm U1 KaXX10i U3 3TUX peanu3alyii MoAeab IPSIMOIMHEWNHON 3aBUCUMOCTH:
Dependent Variable: TREND_1
Variable Coef. Std. Error  t-Statistic  Prob.

C
T

0.796390 0.208085  3.827226  0.0002
0.501522 0.003577  140.1946  0.0000

Dependent Variable: WALK
Variable Coef. Std. Error  t-Statistic Prob.

C
T

-0.930832 0.249804  -3.726248  0.0003
0437818  0.004295  101.9477  0.0000

[TomyuyeHHbIE ITPU ATOM JIETPEHAUPOBAHHBIE PSIBI BEAYT Ce0sI CICTYIOINM 00pa3oM:

3

3

2

14

2]

14

H“1‘0“"2‘0‘”‘3‘0‘H‘4‘0‘H‘5‘0‘H‘6‘0““7‘0‘”‘8‘0“‘60‘”1‘00

—— X_DETRENDED
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[— WALK_DETRENDED |

[ToBenenne mnepBoro rpaduka XapakTepHO IS CTAlMOHAPHOTO psijia, a IOBEICHHE BTOPOTO
rpaduka — A croXxacTudeckoro TpeHaa. OTMeTHM HaJlnuue BUAUMONW MUKIMYHOCTH C JJIMHHBIM
nepuoioM y Broporo rpaduka. Ha 3Ty ocod6eHHocTs ObuTO YKa3zaHo B padorax [Chan, Hayya, Ord
(1977)] u [Nelson, Kang (1981)]: B pe3ynbprare OUUCTKH psiia OT JAECTEPMUHHUPOBAHHOTO TPEHMA
MOTYT BO3HHUKATh CUCTEMAaTHYECKUE KOJICOaHHs — [UIMHHOIIEPUOIHBIC IIUKITBI, KOTOPBIX HE OBLIO Y




UCXOJHOIO pslia (10)cHaA nepuoOudHOCms) ¥ KOTOPBIE MOTYT OBITh OIIMOOYHO MCTOJIKOBAHBI
KaK MPOSIBICHUE HEKOTOPOTO SKOHOMHYECKOTO ITHKIIA.
B TO ’Xe Bpems, mepBbIe PAa3HOCTH peaNn3alUii MCXOJHBIX PSAOB BEIyT ceOsl CIeIyrOInuM

o0pa3zom:
6

20

4 | 1.5

2

0.5

0.0+

-0.5

TG 50 40 8 80 70 80 90 100 - THG % % W50 @0 7o 85 80 1o
Koppenorpammel psiioB IEPBBIX pa3HOCTENH UMEIOT CICTYIOIINI BU/I.

st mepBoro psaga (X TREND DIF)
ACF PACF AC PAC Q-Stat Prob
wkk| kR 1 -0.449 -0.449 20.527 0.000
. *| 2 -0.045-0.308 20.736 0.000
. k| 3 -0.006 -0.236 20.740 0.000
. *| 4 -0.052-0.266 21.021 0.000
E #[. 5 0.078-0.157 21.676 0.001
6
7
8
9

* . *H L -0.074 -0.221 22.258 0.001
) ¥ 0.194 0.073 26.358 0.000
*E| L *|. -0.216 -0.120 31.473 0.000
|* . 0.079 -0.047 32.159 0.000
. *|. 10 -0.056 -0.143 32.513 0.000

Jnsa Broporo psana (WALK DIF)

ACF PACF AC PAC Q-Stat Prob
1 0.0350.035 0.1271 0.721
2 -0.044 -0.045 0.3271 0.849
3 -0.042 -0.039 0.5099 0.917
4 -0.025-0.024 0.5766 0.966
5
6
7

0.065 0.063 1.0215 0.961
-0.004 -0.012 1.0231 0.985
0.101 0.107 2.1405 0.952



| ¥ . 8 -0.173-0.1815.4243 0.711
. .|. 9 -0.041-0.013 5.6087 0.78
1. * . 10-0.057 -0.073 5.9707 0.818

Bropas koppenorpaMMa COOTBETCTBYyeT Iiporeccy Oemoro 1myma. UYro KacaeTcs NepBOM
KOppEJIOorpaMMbl, TO HAIMYUE €TMHCTBEHHOIO 3HAYUMOTO MUKa Y aBTOKOPPEISLUOHHON (PYHKIIMH
TOBOPHUT B TMOJIb3Y HICHTU(UKAMK HAONIOAaeMOTo psiaa pa3HocTed kak peanusanuu MA(1)
nporecca. Iloxcrasisis 3nauenne (1) = — 0.449 Bmecro p(1) B dopmyny p(l) = bi/(1 + b,d),
nomydaeM ypasrenue — 0.449 = by/(1 + b;%). D10 ypaBHeHHe umeer jpa pemenus: —1.6036 u —
0.6236. IlepBoe cooTBEeTCTByeT HeoOpaTMMoMy, a BTopoe — oOparmmomy MA(1) mporeccy.
BriOupas oOpaTuMyIo BEpCHIO, TMOJIy4aeM B KauecTBE MpPEIBapUTENbHON OIeHKH Ko3(dduiumenra
b, 3Hauenme —0.6236. YTOyHEeHHE HSTOH OIEHKH B TIpoliecce oneHuBaHus monenu MA(1),
MIPUBOJIUT K CIIEAYIOIIEMY pe3yJIbTary.

Dependent Variable: X_TREND_DIF
Sample(adjusted): 2 100

Included observations: 99 after adjusting endpoints
Convergence achieved after 10 iterations

Backcast: 1
Variable Coefficient Std. Error t-Statistic Prob.
C 0.501429 0.004483 111.8447 0.0000

MA(1) -0.977743 0.015377 -63.58459 0.0000
— TIpY UCNONb30BaHuu backcasting (Tiporiexypbl 00paTHOTO MPOTHO3a — CM. pasm. 3.2) — u

Dependent Variable: X_TREND_DIF

Method: Least Squares

Sample(adjusted): 2 100

Included observations: 99 after adjusting endpoints
Convergence achieved after 18 iterations
Backcast: OFF

Variable Coefficient Std. Error t-Statistic Prob.

Cc 0.518807 0.007616 68.12224 0.0000
MA(1) -1.062852 0.042816 -24.82378 0.0000
0e3 ucnonp3oBaHus backcasting .

st 000MX BapHaHTOB OILCHWBAHUS MBI TOJy4aeM B KauecTBE OLEHOK Uil KopduuueHta b,
3HAYEHHs, OYCHB OJM3KHE K 1, 4TO oTpakaeT HeoOpatumocTh MA(1) Moaenu, nopoxaaronien ps.
OOparuM BHUMaHHE Ha TO, YTO B 3TOM ciy4ae npoanddepeHInpOBaHHBIN P OKa3bIBacTCS
aBTOKOPPEIMPOBAHHBIM HECMOTPST HAa TO, YTO MCXOAHBIH ps TPEACTABIAECT COOOH CyMMy

JIETePMUHUPOBAHHOTO JIMHEMHOTO TpeHJa U Oeyoro mryma. DTo sIBIIEHHE W3BECTHO KaK J¢hghexm
Crnyuxozo ([Slutsky (1937)].




CMOL[GJ'II/IpyeM TCIICPb pCaJIn3alli IBYX OCTABIIUXCA PALOB:
X, =001 +¢, &~NO,5%,
Y, =0.047F +¢+2¢ 1+36_2+...+ter, &~NO,0.1%):

120 120

100 100

80 804

604 60

40 40

20 20

04 04

20 L 20 L
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

OueHum U1 KaXXI0H U3 3TUX peanu3alil MoJelb KBaJIpaTUUHON 3aBUCUMOCTH:

Dependent Variable: X
Variable Coef. Std. Error  t-Statistic Prob.

TA2 0.009926 0.000114  86.93333  0.0000

(KoncranTa 1 muHEiHas COCTaBIISIIONIAs CTATUCTUUECKH HE3HAYMMBI. )

Dependent Variable: Y

Variable Coef. Std. Error  t-Statistic Prob.

C -2.273387 0.621988 -3.655036 0.0004
T -0.119781 0.028427 -4.213709 0.0001
TA2 0.013087 0.000273  47.99344  0.0000

JleTpeHIMpOBaHHBIC PEeaTH3AINN:

15 4
104
2
5
0 04
-5
-2
-10
B L A A A e
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

Koppenorpamma psanra X DETRENDED



ACF PACF AC PAC Q-Stat Prob

| . 1 0.030 0.030 0.0936 0.760
| . 2 -0.049 -0.050 0.3429 0.842
| . 3 -0.042 -0.039 0.5278 0.913
. . 4 -0.024 -0.024 0.5867 0.965
* |* 5 0.071 0.068 1.1208 0.952
. . 6 0.000 -0.008 1.1208 0.981
* JF 7 0.101 0.107 2.2429 0.945
. *| 8 -0.171-0.177 5.4698 0.706
. . 9 -0.039 -0.011 5.6366 0.776
. *| . 10 -0.050 -0.068 5.9165 0.822
COOTBETCTBYET Iporieccy Oernoro myma, a koppenorpamma psiga Y DETRENDED
ACF PACF AC PAC Q-Stat Prob
| [tk L [FAkkxskk 1 0.985 0.985 99.989 0.000
[k ekesek | 2 0.956 -0.507 195.02 0.000
|EEEEEE k| 3 0.912-0.314 282.52 0.000
| [ekekkknk k| 4 0.857 -0.196 360.52 0.000
|tk ke | 5 0.791-0.136 427.67 0.000
|k * 6 0.716-0.073 483.36 0.000
[ . 7 0.635-0.044 527.61 0.000
[k | 8 0.549-0.067 560.97 0.000
[ . 9 0.458 -0.043 584.49 0.000

ok . 10 0.365 -0.051 599.58 0.000

XapakTepHa ajis HectaimoHapHoro AR(2) mporecca.

Bropsie pazHoctu psaoB X, u Y, BeayT ceOs ciieayrommM o0pazom:

30 04
204 0.3
0. 0.2
0.1
04
0.0
-104d
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e .
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 8 90 100
—y = E—— A

Koppenorpamma psana X DIF2
ACF 'PACF AC PAC Q-Stat Prob




FAAHK| okkokok| 1 -0.635-0.63540.777 0.000
| k| 2 0.128 -0.463 42.440 0.000

. k| 3 0.038 -0.294 42.586 0.000

*| k| 4 -0.064 -0.273 43.014 0.000

* | 5 0.081 -0.141 43.710 0.000

*| k| 6 -0.137 -0.292 45.710 0.000
| | 7 0.243 0.037 52.065 0.000

k| 8 -0.254 -0.037 59.064 0.000

.
|* | 9 0.160 0.057 61.891 0.000
* . . 10 -0.099 -0.056 62.976 0.000

OTpakaeT CBOMCTBO HeoOpaTumoct MA mozenu. B atom ciydae 3Hauenune 7(1) = — 0.635 naxe
BBIXOJIUT 3a TPe/eibl HHTEpBaia BO3MOXKHBIX 3HaueHH p(1) mporecca MA(1), T.e. 3a mpeaesnsl
unrepBasia — 0.5 < p(1) < 0.5 . (IlogcranoBka 3nauenuss — 0.635 smecro p(1) B popmyny p(l) =
b/(1 + b®) mpuBouT K KBagpaTHOMY ypaBHeHHIO 0.635 bi> + by + 0.635 = 0, KOTOpOE HE HMEeT
NENUCTBUTEIBHBIX PEIICHUH.)

Koppenorpamma psina Y _DIF2

ACF PACF AC PAC Q-Stat Prob
, . 0.031 0.031 0.0942 0.759
. . -0.041 -0.042 0.2636 0.877
, . -0.038 -0.036 0.4127 0.938
. . -0.013-0.013 0.4313 0.980
* J* 0.073 0.071 0.9925 0.963
. . -0.006 -0.012 0.9958 0.986
|* J* 0.104 0.111 2.1713 0.950
*|. *|. -0.172 -0.178 5.3769 0.717
. . -0.031 -0.006 5.4804 0.791
|, |, 10 -0.066 -0.084 5.9673 0.818

0N Ok WDN -
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COOTBETCTBYET MpolLecCy Oenoro nryma.

PaccMoTpenHbIe pUMEpBI OTPaXKarOT OOIIYIO CUTYALIUIO:

e BBIYMTAHUE JIETEPMHHHUPOBAHHOMN cocTaBisitomied TS psaa npuBOAUT K CTAllMOHAPHOMY
pany;

® BBIYMTAHHUE ACTEPMUHUPOBAHHOM cocTaBisrouield DS psga npusoaut k DS psny;

e uddepennupoBanue TS psga npuBogut Kk TS psmy; ecnm  cToxacTUdecKas
cocrasisomas ucxoanoro TS psna onuceiBaercs cranuoHapHoi monensio ARMA, o
muddepennpoBanue TpuBoaAUT K TS psay ¢ HeoOpatumoitk MA cocTaBisIOIIEH,
MMEIOLLIEH €IMHUYHBIN KOPEHB;



e k- xpatHoe nuddepennupoBanue paga X; ~ I(k) IpuBOIUT K CTalMOHAPHOMY pSAY;
€CJIM CToXacTHuecKas cocTrapisionias ucxogHoro I(k) psna omuceiBaeTcs MOJIENbIO
ARIMA, T10 k- xpatHoe auddepeHunpoBaHHE MPUBOIUT K CTAIIOHAPHOMY PALY C
obpatumoit MA cocrtasisttoniei.

BaxxHbIM 0OCTOATEIHCTBOM SIBISETCS TakKe TO, 4TO B TS-psaax BIUSHUE NPEIbITYIINX
IIOKOBBIX BO3JICUCTBUM 3aTyXaeT C TeYeHHWEeM BpeMeHdu, a B DS-psmax Takoe 3aTyxaHue
OTCYTCTBYET W KaXJblil OTHENbHBIM IIOK BIMSIET C OJWHAKOBON CHIION Ha BCe MOCIEAYIOIINE
3HaueHus psiaa. [loscHum 310 HA ipumepe npoctoit AR(1) mogenn X, = a X, + & . lns vee (cm.
pasz. 2.3)

X,Zath%-at*] 81+6117282+ R -

TaK 4TO

Xi+n=a t+hX0+a t+h-l & +at+h*282+ o+ d" &t ...t éepes.
Orcroga mosy4aeM 3HA4Y€HUS MMITYJIbCHBIX MYIbTUIUIMKATOPOB,  MOKA3bIBAIOIIMUX BIIMSHUE
€MHOBPEMEHHOI'O (MMIYJbCHOTO) W3MEHEHUs  (“woka’”) WHHOBAMU &  Ha TEKyllee u
MOCTIEAYIOIUE 3HAUCHUS Psijia:

0X,/0e;=1,0X,+1/0e;= a, 0X, 2/ Be,= ', ..., OXy s/ O, =d, ... .

Takum obGpazom, ipu 7 — oo

o 0X;ip/0s —0 mig a <1,

o O0X;+n/0g =1 mpu a=1.
[TonyTHO 3ameTuMm, uto eciii @ > 1 (“B3pbIBHOM mporiecc”), TO B TAKOM ClIydae

O0X;+n/ Oy — 0,

TaK YTO BJIMSHHUE MPOLUIBIX IIOKOB T€OMETPUYECKH BO3PACTAET M0 Mepe yAaJeHHs B MPOLLIoe. ITO
OOCTOSITENILCTBO CIY>KUT OIPENEJIEHHBIM apryMEHTOM HPOTUB HCIIOJIB30BaHMS B3PBIBHBIX MOJIEIEH
JUTSL OUCAHMSI SKOHOMHYECKUX BPEMEHHBIX PSI0B.

5.2. lpobnema onpedesieHUsi MPUHaO/IeXXKHOCMU B8PeMeHHO20 psida
Kknaccy TS psidoe unu knaccy DS psidoe

[Ipy mocTpoeHUU MoIelIel CBSI3e MEXKy BPEMEHHBIMH PAIaMHU B JOJTOCPOYHOM MEPCIIEKTUBE
HEOOXOIMMO YUYHUTHIBATh (DaKT HATMYHUS WIM OTCYTCTBHUS y aHAIM3UPYEMBIX MaKPOAIKOHOMHUYECKUX
PAIOB CTOXAaCTHUYECKOTO (HEIETEpMUHUPOBAHHOTO) TpeHaa. MlHaue roBops, MPUXOIUTCS peuiarh
BONPOC 00 OTHECEHWM KaXKJIOTO M3 pPAacCMaTPUBAEMBIX PSAIOB K KJIAcCy pSIOB, CTAllMOHAPHBIX
OTHOCHUTEIILHO JIETEPMUHUPOBAHHOTO TpeHIa (WK MpocTo cTarmoHapHbiX) — TS (trend stationary)
pdaabl, HWINW K KIAacCy psAAO0B, HMCIOMIUX CTOXaCTHYECKHUU TPCH (BO3MO)KHO, Hapsaagy ¢



JETEPMUHUPOBAHHBIM TPEHJOM) W TPHUBOIAIIMXCA K CTAlMOHAPHOMY pSAY TOJBKO ITyTEM
OJHOKPATHOTrO MK k-kpaTHOro” muddepentmpoanns psga — DS (difference stationary) psisi.
[MpuHIIMTIHAaTBPHOE Pa3TUYNe MEXIY STHMH JBYMS KJIACCAMHU PSIIOB BBIPAYKACTCS B TOM, YTO B
ciy4yae TS psina BeIMHTaHHE U3 psijia COOTBETCTBYIOIIETO JACTEPMHUHUPOBAHHOTO TPEH/IA IPUBOIUT
K CTallMOHApHOMY psdy, Torna kKak B ciaydae DS pspma BelMUTaHUE JIETEPMUHHPOBAHHOM
COCTaBJISIIOLICH PsAJa OCTaBIISET PsIJi HECTALMOHAPHBIM M3-32 HAJHYHS y HETO CTOXAaCTHYECKOTO
TpeHIA.
[lpoGmema OTHECEHUS MaKpPOAKOHOMHYECKHX PSAIOB JAWHAMUKH, MMEIOIIMX BBIPAYKCHHBIN
TPEeHI, K OJHOMY U3 JBYX YKa3aHHBIX KIJIACCOB aKTHUBHO OOCYyXIalach B IIOCIIEJHUE JIBa
JECATHIICTUSI B MHUPOBOM 3KOHOMETPHYECKOH M SKOHOMUYECKOW smTeparype. [lomumo Toro, 4ro
tpaekropun TS u DS psimoB oTnmyaroTcsi apyr OT Apyra KapAWHAJIBHBIM 00pa3oM, OmpeieiicHHe
NPUHAUICKHOCTH psAfoB kimaccam TS wmmm DS BecbMa BaXHO Ui MPABHIBHOTO ITOCTPOCHHMS
JOJATOCPOYHBIX PETPECCHOHHBIX MOJENe, B KOTOPBIX OOBSCHSIEMBIMH W OOBSCHSIIONIMMU
NEPEeMEHHBIMH  SIBIIIIOTCS  MAaKpOSKOHOMHYECKHE BPEMEHHBIE pAIbl (MOJETH KOMHTETPAIH,
MOJIENIN KOPPEKIIUU OUIHOOK, BEKTOPHBIE aBTOPETPECCHH).
Ecnu BeIBIISIETCS TpyTIIIa MAKPOAKOHOMHUYECKHX PSI0B, PUHAUIeKAMKX Kiaccy DS-psios, To
MEXIY STHMH pPsIaMd BO3MOXKHA TaK Ha3bIBaeMasi KOUHMeZPAUUOHHAA C6:A3b (CM. THaBy 7),
aHaJIM3 KOTOPOM TIO3BOJISIET, HAIIPUMED,
® TpOBEpATh TUMNOTe3y 3(PQPeKTHUBHOCTH (PUHAHCOBBIX PBIHKOB (cM., Hampumep, [Dweyer,
Wallace (1992), Dutt, Ghosh (1999))),

® TIPOBEPATH BBHINOJIHEHWE HA MPAKTUKE TEOPHM IAPUTETa IOKYMaTeIbHOH CHOCOOHOCTH
([Ardeni, Lubian (1991), Dutt(1998)]),

® [IPOBEPATH BBIOJHEHHWE B JOJITOCPOYHOW TEPCIEKTHBE YpaBHEHHs CIpOca Ha JCHBIH
([Johansen, Juselius (1990)], [Hafer, Jansen (1991)], [Funke, Thornton (1999)]).

bosee TOro, mnpuM HaIMYMM KOMHTEIPAIMOHHOW CBsI3M Mexay DS-psgamu  umeercs
BO3MOXXHOCTh TIOCTPOCHHUS KOMOWHAIIUM KPATKOCPOYHOH U JONTOCPOYHOW JTUHAMHYECKHX
PErpecCHOHHBIX MOjIeNiel B (hopMe Tak Ha3bIBAEMOU Moodeiu KOPPEKYUU OMUOOK, 9TO OTKPHIBAET
BO3MOXXHOCTh TOCTPOCHHUS HAa OCHOBAaHWU TOJO0OpaHHONW MOJENM KaK KPAaTKOCPOYHBIX, TaK U
JIOJITOCPOYHBIX TTPOTHO30B.

JlutepaTypa mo 3TOMy BONpOCY BechbMa oOOmMpHA. B kadecTBe 0030pHBIX PabOT MOKHO
cocnathcs Ha MoHOorpaduu [Maddala, Kim (1998)], [Enders (1995)], [Hamilton (1994)], [Hatanaka
(1996)]. OTmeTuM nuIIb (YPE3BBIYANHO MANTYI0) YaCTh PadOT, MOCBSIIIEHHBIX TOCTPOCHUIO MOIETEi
CBSI3M MEKIY KOHKPETHBIMH MaKPOIKOHOMHUYECKAMH PSITAMH:

e Jlenexnslie arperatel: [Hasan (1998)].

o Uudnauusa: [Metin (1995)]

2 M1 He 3aTparuBacM 311eCh BOIPOC O BO3MOXKHOM JIPOOHON HHTETPUPOBAHHOCTH PSJIOB.



e Banoseiii BHyTpenHuii mnpoxykt: [Christiano, Eichenbaum (1990)]; [Murray, Nelson
(2000)].

e VYposenb Oe3padotuisl: [Clark (1989)]; [Woodward, Pillarisetti (1999)].

e (OOMeHHBII Kypc HaruoHanbHON BamioThl: [Copeland (1991)], [Kim, Mo (1995)], [Nadal-
De Simone, Razzak (1999)].

e Hmmoprt: [Milas (1998)].

e Hanorossie psiapl: [Molana (1994)] .

e IIpomssoactBo: [Cheung, Chinn (1996)], [den Haan (2000)].

e bupxessie unaekcel: [Fama, French (1988)].

TS psaabpl UMEIOT JUHUIO TPEHJAa B KayeCTBE HEKOTOPOW “LIEHTPaIbHOM JIMHUK’, KOTOPOM
CJeayeT TPaeKTOpHUsl psiia, HAXOASCh TO BBILIE, TO HUXKE 3TOM JIMHUH, C JIOCTATOYHO YaCTOW CMEHOU
MOJIO’KEHUH BbIlIe-HIDKE. DS psiibl TOMUMO I€TEpPMUHHUPOBAHHOTO TpeHa (€CIM TaKOBOI UMEETCs)
HMMEIOT €Ill€ U CTOXAaCTUYECKHUI TPEH[, U3-3a MPUCYTCTBUSA KOTOpOro Tpaekropus DS psiga Becbma
JI0JTO MPEOBIBACT 110 OHY CTOPOHY OT JIMHUH JETEPMUHUPOBAHHOTO TPEH 1A (BBIIIE MIIM HIXKE STOU
JUHUM), yAAJSsCh OT HEe Ha 3HAYUTENIbHBIE PACCTOSIHMSI, TaK YTO MO-CYIIECTBY B 3TOM Clydae
JUHMS JIE€TEPMHUHUPOBAHHOIO TpPEHAA IEpPECTaeT UIpaTh pOJb “HEHTPANbHON~ JIMHUHU, BOKPYT
KOTOPOM KoJieOJeTcsl TpaeKTopus Impolecca.

B TS-psinax BnusHuE NpeablAyLIIMX LIOKOBBIX BO3JAECHCTBHI 3aTyXaeT ¢ TEUEHUEM BPEMEHH, a B
DS-psinax takoe 3aTyxaHue OTCYTCTBYET M KaKIbId OTAEJBbHBIN IIOK BIUSAET C OAMHAKOBOUW CHIION
Ha Bce TOCIeNyole 3HadeHus paga. [losToMy HamuyMe CTOXAacTHYECKOTro TpeHaa Tpelyer
IIPOBE/ICHUS OINPEIECICHHOW SKOHOMUYECKON MOJIMTUKHU I BO3BPAILECHHS MaKpO3KOHOMHYECKOU
IIEPEMEHHON K €€ JOJTOBPEMEHHOM IPECIEKTHBE, TOIAa KAaK IPHU OTCYTCTBUM CTOXACTHUECKOIO
TpPEeH/la CEpPhE3HBIX YCWIMHM AN TOCTWXKEHUS TaKoW Leiaun He TpeOyeTcss — B 3TOM Ciydae
MaKpOIKOHOMMYECKAsl IEpEMEHHasl “‘CKOJB3UT  BIOJb JIMHUM TPEHJAa KakK HallpaBIISIIOLIEH,
nepecekast €e JOCTaTOYHO YacTO U He YKJIOHSASCH OT 3TOM JTMHUH CKOJIb-HUOYAb JAJEKO.

B Tedenue MOBONBHO JOJTOTO BPEMEHM OBUIO MPHHATO MPH AaHAIN3E PAJOB C BBIPAKEHHBIM
TPEHJOM IPOU3BOAUTH OLEHWBAHUE W BBIIEJICHUE JIETEPMHUHHUPOBAHHOTO TPEH[IA, IOCJIE YEro

MPOU3BOJIUTH MOA0OP AUHAMUYECKOH mozaenu (Hampumep, ARMA) k psny, “OudIieHHOMY OT
TpeHaa”, T.€. K psily OCTaTKOB OT COOTBETCTBYIOIIEH OLIEHEHHOM perpeccuoHHoi Mozenu. Ilocne
BBeneHus: bokcom u Jxenkuncom ([bokc, Ixenkunc (1974)]) B oouxon moneneit ARIMA crano
MOJIHBIM OCTal[MOHApUBaHUE PAJOB C BBIPAKEHHBIM TPEHAOM M MEJJICHHBIM YOBIBaHHEM
(OILICHEHHOI) aBTOKOPPENSAIMOHHON (YHKIMU IyTeM Iepexoja K psaaM MNEepBbIX WM BTOPHIX
pasHocrel. OHAaKO, KaK TOKa3alu JaIbHEHUIIINEe MCCIIeIOBAHUS, TTPOU3BOJIBHBIA BEIOOP OJTHOTO W3
3THX JBYX CIIOCOOOB OCTAllMOHAPHBAHMA psJla BOBCE HE Tak 0e300HMIeH, KaK 3TO Ka3aJloch
MOHAYaIy.

B pa6orax [Chan, Hayya, Ord (1977)], [Nelson, Kang (1981)] Obput0 mokazaHo, d4TO
ocranmoHapuBanue DS psjnoB myTem mnepexola K OUYHULICHHOMY psiay (IeTpeHAMpOBaHHE)
U3MEHSET CIEKTp psfa, NPUBOAS K TOABICHUIO JIO)KHOM NEPUOAMYHOCTH  (JIOKHBIE



JUTMHHONICPUOTHBIE IHKIIBI), KOTOpas MOXET OBITh OMMOOYHO WCTOJKOBaHA KakK IPOSIBICHHE
HEKOTOPOro »KOoHOMMYeckoro mukiaa. C npyroil crtopoHsl, auddepenHuupoanue TS psaa
NPUBOAUT K “‘niepennhepeHInpoBaHHOMY psiTy’’, KOTOPBIH XOTS U SBJISIETCS CTAlMOHAPHBIM, HO
o0JaaeT HEKOTOPHIMH HEXKENATEIbHBIMU CBONCTBAMU, CBSA3aHHBIMU C HEOOPAaTUMOCThIO ero MA-
COCTABIISIIONICH; TIPU 3TOM BO3HHKAET Mapa3uTHas aBTOKOPPEIMPOBAHHOCTh COCEIHHMX 3HAYCHHU
npoaudhepeHIUPOBAHHOTO psifa (B CHEKTpe IOMHHHPYIOT KOpOTKHE LUKIbI). bonee Toro, B
ciydae HeoOpatmmoctd MA-coctaBistomeii  npoandGepeHInpOBaHHOTO pPsila  CTAHOBHUTCS
HEBO3MOXXHBIM  HCIIOJIb30BaHHE  OOBIYHBIX  aNTOPUTMOB  OLIGHUBAaHUS  MAapaMEeTpoOB H
nporuo3upoBanus psina. (Cum., Hampumep, [Hamilton (1994), rnaser 4 u 5].)

Htak, mocTpoeHHe aJeKBaTHOW MOJEINM MaKpOIKOHOMHYECKOTO psijia, KOTOPYI MOXHO
UCTIONIB30BaTh UISL ONMCAHUS JUHAMUKHA psAa W TPOTHO3HPOBAHUS €ro OyAylIWX 3HAYCHUH, U
aZICKBAaTHBIX MOJIETICH CBSA3€H 3TOTO psiia C APYTUMU MAKPOIKOHOMHUYECKUMHU PSIaMU HEBO3MOYKHO
0e3 BBISICHEHUS MTPUPOJIBI 3TOTO Psifia U MPHUPOJBI PAIOB, C HUIM CBSI3BIBAEMBIX, T.€. 0€3 BBISICHCHHUS
NPUHAAJICKHOCTH psifa K OJHOMY U3 ABYX yka3aHHbIX KiaccoB (TS mmm DS). B atom pasnene mbl
3aiiMeMcsl TPO0IIeMOi TaKOW KIacCU(UKAIIH.

Kak mokaspIBaeT OrpoMHOE KOJMYECTBO PabOT, MOAPOOHBIH 0030p KOTOPHIX MOXKHO HaWTH,
Hanpumep, B kaure [Maddala, Kim (1998)], mpobiema oTHeceHus psijia K OJHOMY M3 yKa3aHHBIX
JIBYX KJIACCOB HAa OCHOBAaHWHW HAONIOJICHUS peanu3aliy psA/la Ha HEKOTOPOM HHTEpBajie BPEMEHH
OKa3ajach BeCbMa CJIO0XHOW. BbII0 MpeasiokeHo MHOKECTBO MPOLEAYp TaKo KiaccuUKaIiu, HO
U 10 HACTOSAIIEEe BpeMsl MPEJIaraloTcs BCe HOBbIE U HOBBIE MPOIIEIyPhI, KOTOPbIE THOO HECKOIBKO
MIPEBOCXOIAT CTapble B CTATHCTUYECKOH 2((PEeKTUBHOCTH (TI0 KpaifHel Mepe, TeOpeTHIecKn) JH00
MOTYT COCTaBUTh KOHKYPEHIIHIO CTapbIM MPOILEIypaM U CIYXUTh JOMOJHUTEIbHBIM CPEICTBOM
MOJITBEPKICHUS KJIACCH(HUKAIINU, TIPOU3BEICHHON NpyruMu MetonaMu. OnmucaHne MHOTHX TaKhX
MPOLElyp M CCBIJIKM Ha CTaTbU C MOJAPOOHBIM OMHCAHUEM M TEOPETUYECKUM OOOCHOBAHHMEM 3THUX
npoIelyp MOKHO HalTH, HAaIlpuMep, B YIIOMHHABIIMXCs Bbime kHurax [Maddala, Kim (1998)],

[Enders (1995)], [Hamilton (1994)], [Hatanaka (1996)].

3/1ech MBI 3aMETUM TOJIBKO, YTO HCIIOJIb30BAHHE PA3JIMYHBIX MPOLEAYpP MOXKET MPUBOIUTH K
MIPOTUBOIMOJIOXKHBIM BBIBOJAAM O MPHUHAIICKHOCTH HaOIrogaeMoro psaa kimaccy TS-psamoB win
kiaccy DS-psioB. B 3ToM OTHOIIEHNN BechMa MMOKa3aTeNbHBIM SBJISIETCS COTIOCTABIICHUE BBIBOJIOB,
MOJIYYEHHBIX TPpH aHanmu3e 14 makposkoHomudeckux psijioB CIIA (mmeromux npoTsKEHHOCTh OT
62 no 111 net) B pabore [Nelson, Plosser (1982)] u B 6onee mo3aneii padore [leppona ([Perron
(1989a)]). Eciiu B mepBo#i paboTe JUIIb OJUH U3 14 pacCMOTPEHHBIX PSAJOB OBLT OTHECEH K KJIacCy
TS, To Bo BTOpO# paboTe, HAMPOTUB, K ITOMY Kjaccy ObLIO OTHECeHO yxe 11 u3 3Tux psIoB.
[IpaBna, momoOHOE KapIWHAIBLHOE HW3MEHEHHE pe3yJbTaTOB Kiaccu(PUKaluu ObUIO CBS3aHO C
pacmnpenreM noHsaTus TS psnos. B kimace TS-panoB cranu BKIOYaTh U psijbl, CTallMOHAPHBIE
OTHOCUTEIILHO TPEHJ0B, HMEIOIUX “HU3J0M~ B U3BECTHBIM MOMEHT BpeMmeHu. OTka3z oT
NPENoNIoKEeHNsT 00 M3BECTHOHM Jare M3JI0Ma TPEHNa, B CBOIO OYepe/b, NMPHBEN K HEKOTOPOMY
W3MEHEHUIO Kiaccudukaiuu, noxydeHHou [lepponom (cm. [Zivot, Andrews (1992)]). Jonymenne
emre Oonee THOKUX GopM QYHKIIUU TPEHIa H3MEHHUIIO U MOCIEIHIOW Kiaccudukanmio, cM. [Bierens



(1997)]. Haxonem, pabora [Nunes, Newbold, Kuan (1997)] “3amkHyna Kpyr’: W3MEHEHHUE
HPENONIOKEHUS O XapaKTepe Hpolecca MOPOXKICHHs JaHHBIX [0 CPaBHEHUIO ¢ paboroil [Zivot,
Andrews (1992)] npuBeno k Toi ke camoil kinaccupukanuu 14 psaaoB, KoTopasi Oblia MoryueHa B
pabote [Nelson, Plosser (1982)].

B cBs13u ¢ TakumM pe3ynbTaraMu, NpU aHAJIW3€ KOHKPETHBIX MaKpPOIKOHOMMYECKUX PSJOB
Tenepb OOBIYHO TNPHUMEHSAIOT HECKOJIBKO pPa3HbIX CTATUCTUYECKUX MPOLENyp, YTO IO3BOJISET
HECKOJIBKO YKPENUTh BBIBObI, CA€TIaHHbIE B 1OJIb3Y OAHON U3 ABYX (TS mnu DS) koHKypupyrommx
TUIIOTE3.

5.3. Pasnu4yeHue TS u DS psidoe e knacce modeneu ARMA. Nl'unome3sa
€OUHUYHO20 KOPHSI.

Kak y>xe oTMedanock BbIlIe, Ul PEeLIEHUs BOIpOca 00 OTHECEHHM HCCIIEAyeMoro psjua X; K
kinaccy TS (CTauMOHApHBIX WM CTAallMOHAPHBIX OTHOCUTENbHO TpeHAa) uian DS (pazHocTtHO
CTALlMOHAPHBIX) TMPOLIECCOB HMMEETCsl LeNbli psi pazauyHblX mporenyp. OJHAKo Bce 3TH
NpOIEyphl CTPANAIOT TEMH WM WHBIMH HeJocTaTkamu. l[Ipouemypsl, opopMIIeHHBIE B BHUE
(bopManbHBIX CTaTUCTUYECKUX KPUTEPHEB, KaK MPAaBUJIO, UMEIOT JOCTaTOYHO HU3KYIO MOIIHOCTH,
YTO BEJET K BECbMa YacTOMY HEOTBEPKEHHIO HMCXOJHOHM (HYyJEBOM Trumoresbl), KOI/la OHAa B
JEHCTBUTEIBHOCTH HE BBINOIHAETCS. B TO k€ BpeMsl HEBBINOJIHEHHE TEOPETUUECKUX MTPEANTOCHLUIOK,
Ha KOTOPBIX OCHOBBIBAETCA KPUTEPH, MPU NMPUMEHEHUH €r0 K PeajbHbIM JaHHBIM MPUBOJIUT K
OTJIMYHUIO pEaJbHO HAOII0AAeMOro pasMepa KpUTEpUss OT 3asABICHHOTO YPOBHS 3HAYMMOCTH.
BcnencTBue nocieqHero 00CTOSITENbCTBA TEPSETCSI KOHTPOJIb HAJl BEPOSATHOCTHIO OIIHOKH TIEPBOTO
poJia, ¥ 9TO MOXKET IMPUBOAUTH K CIUIIKOM YaCTOMY OTBEP’KEHUIO HYJIEBOW TMIIOTE3bI, KOTla OHA B
NEHCTBUTENBHOCTH BepHAa. B CBA3M C TakuM IIOJIOKEHHMEM BeUIel HcciaeaoBaTean OOBIYHO
UCIIOJB3YIOT IIPU aHAIW3€ PAINOB HAa NPUHAMIEKHOCTh MX K kimaccy TS wim DS He opun, a
HECKOJIbKO KPUTEPHEB U TMOAKPEIUISIOT BBIBOJABI, MOJyYEHHBIE C MCIOJIB30BaHUEM (POpPMaSIbHBIX
KpPUTEpHEB (C YCTAHOBJIEHHBIMU YPOBHAMHU 3HAYMMOCTH) rpauuecKUMU MpoueypaMu. Mbl Takke
OyJieM MOJIb30BaThCS B HAIllEM HCCIIEI0BAaHUM HECKOJIBKHUMH Ipoueaypamu paznudenus TS u DS
PSIOB U B 3TOM pa3jiesie KpaTKo OMMIIEM 3TH Mpoleaypsl. boiaee nogpoOHoe X onrcaHue MOKHO
HalTH B UUTUPYEMOW HIKE JINTEPATYpE.

B GonpmMHCTBE KpuTepUeB, NMpeUIoOKEeHHbIX Ui paznuueHus DS u TS runores, sta 3amaga
pemaercs B kinacce mozeneit ARMA (craliMoHapHbIX ¥ HECTAIIMOHAPHBIX).

Ecim psg X, wumeer tun ARIMA(p, k, ¢g), TO B pe3ynbrare €ro  k-KpaTHOIO
mubdepeHIMpOBaHTS MbI TOTyYaeM psil CTalMoHapHbIHA pax A'X, Tuma ARMA(p, ¢), ckaxem,

a (L) AX, =b(L) ¢,
rae a (L) u b(L) — IOTHHOMBI OT OIlepaTopa OGPATHOro CABUra L , HMEIOLIHE CTCNCHH p U ¢,
COOTBETCTBEHHO. 3ameTuM, uto AX; = (1 — L) X;, Tak 4To




AX, = (1- L)X,
U

a(L)(1-Lf X, =bl)e,
WIn

alL) X; =b() &,
rne a(L)=a (L) (1 — L) — nonmuom crenenu (p + k). [ockonbky psia AX, CTallMOHAPHBIH, Bce p
KOpHEH IOJIMHOMA a*(z) HAXOJATCs 3a NpelelaMd €JUHUYHOTO Kpyra, Tak 4To IMOJMHOM a(z)
UMeeT p KOpHEH 3a mpeaesamMy eIMHUYHOIO Kpyra U k KOpHel Ha IpaHMILE 3TOr0 Kpyra, TOUHEE,
KOpEHb z = | KpaTHOCTH £ .

Takum oOpazom, psan X, mnpeacraBisieTcss HecTanuoHapHoil monensto ARMA(p+ k, g), B
KOTOpPOW aBTOPErPECCUOHHBIN MOMMHOM (L) MMeeT pOBHO kK KOpHEH, paBHBIX 1, a BCE OCTalIbHBIC
KOpHHU 10 MoayJito Gonbie 1. [ToaTromy npoBepka HyJeBoi rumnote3sl Hy 0 TOM, 4YTO HEKOTOPBIH
ARMA psaa X, sBuasercs DS-psnoMm (a HE cTallMOHApHBIM PSAZOM), MOXET OBITh CBEJEHA K
IPOBEPKE TUIOTE3bl O TOM, YTO aBTOPETPECCHOHHBIN MOJUHOM a(L) uMeeT XoTs Obl OIMH KOPEHb,
paBHBIA 1. DTO ompaBAaHHO, €CJIIM UCXOIUTh U3 MPEANOJOKEHHUS, YTO a(z) HE MMEET KOpHEeu
BHYTPHM €IMHUYHOI'O Kpyra, T.€. MCKJIIOYMTh U3 pacCMOTpEeHHs “B3pbIBHBbIE” Mojenu. [Ipu 3Tom o
runote3e Hp kpaTtko roBopsT Kak o cunomese edunuunozo kopua (UR — unit root hypothesis),
XOTSI TOYHee ObUIO Obl TOBOPUTH O TMIIOTE3€ aBTOPEIPECCHOHHOIO €IMHUYHOTIO KOpHs. B kauecTse
anbTepHAaTUBHOW Torna BeicTynaeT 1S eunomesa o ToM, 4TO paccMmarpuBaeMblii ARMA psg —
CTaLlMOHAPHBIN.

Kpurepuu, B KOTOpBIX 3a UCXOAHYIO (HyJIEBYI0) rUnoTe3y Oepetcs runore3a TS, ciyxar ckopee
JUI TIOATBEPXKJEHUS pe3ysIbTaToB NpoBepku DS-rumorespl. B 3ToM citydae BMECTO NpoBEpKU
TUIOTE3bl €IMHUYHOTO KOPHS Y TOJIMHOMA a(z) NpOBEPSETCsl TUIOTE3a O HAIMYUU €AMHUYHOTO
KopHs z=1 y ypaBuenus b (z) =0, rae b (L) — IOIMHOM OT OMepaTopa 06paTHOro caura L B
MIPEACTABICHUU B BUJIE MPOLIECCA CKOJB3SALIErO CpeaHero A X; = b*(z)gt psana pasHocren A X; =X,
— X1 ucxoaHoro mporecca X;.




maBa 6. MNpoueaypbl ansa pasnuyvyeHnsa TS n DS pagos

B »T0#t M B mocnenyromux riaBax Mbel OyaeM 0003HauaThb M ClIydailHbIE BEJITMYMHBI U HX
peanu3anuy CTPOYHBIMU OyKBaMHU.

6.1. lpedeapumesibHbIe 3aMeYaHUsl

[Mpexnme, Yem MABHraThcs MAajbllie, CIEAyeT OOpaTHTh BHHMaHHUE HA OJHO Ba)XXHOE
00CTOSITENTLCTBO, KOTOPOE SBISETCS WHOTJA MPUYMHOW HEIOpPa3yMEHHUH TMPH MPAKTHIECKOM
WCTOJIKOBAaHUH ITOJTyYEHHBIX PE3yJIhTATOB.

Paccmotpum TS pan

xx=atpft+a x,_1+e, |al<l.

OTHOCUTENHHO KAKOTO UMEHHO JIMHEHHOTO TPEHAA 3TOT PSII SIBISIeTCs cTainoHapHbiM? [lycts y, —
JNETPEHIUPOBAHHBIN PSJI, TAK UYTO )y =X, —y— 0t W
Ye=aryi-1té.
[MonacraBmnsist BBIDOKEHHS UL ); U ;| B TIOCIIEHEE COOTHOIIICHHUE, HAXOIUM:
X —y—ot=ai(x;_1—y—0(—-1))*e,
xx=@-arytad)to(l-a))t+ax,_+e,
Tak4To a =y—a;y+aid0 u p = o(l—a;), oTKyna noirydaem
§=p/(-a), y=(a—aa+p)/ (1-a)’.
Takum oOpa3om, psii X; SIBISETCS CTAIMIOHAPHBIM OTHOCUTEILHO JTUHEHHOTO TPeH
a-a(@+f), B
(1-a,)’ (1-a)
B wactaocT, mpu S =0 u a# 0 mporecc CTallMOHAPEH U UMEET MaTEMaTHIECKOE OXKUIAHHE
a
(1 - al)

Ecmu a; = 1, To mocneaHee npeicTaBieHue HEBO3MOXKHO, U HA/I0 UCXOAUTh HEMOCPEICTBECHHO
U3 OTpeJieNieHus psiia x;. B aTtom ciydae

Xx=o+pft+x_1+e=

=(a+pft+e)+t(a+tp(t—1)+e)+...+(a+f+e)+tx =
=xot+(a+p2)t+(B2)E+ (e +er+...+e).
[lpu a = =0 umeeM npoctoe ciry4yaiiHOE OITy)KIaHNE
Xe =Xxp1te, p=xot+t(1tet...teg).

/J:




Ipu a#0, =0 umeem

X =atx.te, xy=xotoat+(+tet...+e),
T.€. ciy4aitHoe OJTy>KJIaHUuE BOKPYT JETCPMUHUPOBAHHOTO JIMHEHHOTO TPeHAa Xo + of .
Hakonen, mpu a#0, f#0

Xxx=o+pft+x.te , x;, =xo+(a+p/2)t+(B/2) t2+(81 +et ... te),
TaK YTO MCXOIHBIM P X; TPEACTABIACT CIy4aliHOE OJyXIaHHE BOKPYT NETCPMHUHHPOBAHHOTO
KBAJPATHYHOTO TpeHma xo + (o + f/2) t + (B/2) t* .

Takum 0Opa3oM, B MOJICIH

X =o+pft+a x.+te
ecu a#0,=0,T10

e 1pu |ai|<1ypama x; TpeHIa HET;

t
e 1mpu a;=1 pan x, UMEET CTOXaCTUYECKUIN TPEH Zg ;u JUHEUHBIA TpeHA X t+ atf ;
j=1

ecmu f £ 0, TO
e 1pu |aj <1 psang x; iMeeT TUHCHHBINA TPEH/T
a-a(a+p) n p .
(I1-a)> (-q)

t
e 1pu a;=1 pan x, UMEET CTOXaCTUYECKHUI TPEH.T Ze ;H KBaJ[paTUYHBINA TPEH/T
j=1

xo+ (a+ p2) t+ (B2) £

Huxe npuBoasiTcs cMOAETUPOBaHHBIE peaIN3alluU, TOPOKICHHBIE MOJIEIbIO
Xxx=ot+pft+ax_1t+ég

NIPY PAa3TUYHBIX HA0Opax 3HAUYEHUI MapaMeTpoB a, ff, a; :
e ST1:a=080a=0,=0.

ST 2:a,=08,00=02,=0.

ST 3: a;=0.8,a=0.16,5=10.04 .

WALK 1: a;=1,0=0,=0.

WALK 2: a;=1,0=02,=0.

WALK 3: a;=1,0=0.2,=0.1.

Kpowme toro, npuBoautcs cMoieIMpoBaHHas peaan3anus, IOPOXKACHHAs MOIEIbIO
X; =a+,b’t+yt2+a1xt_1+8t :
e ST4: a=08a=0.12,=0.13,y=0.01.
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Cpasnenue nepBbix Tpex rpadukos ST 1, ST 2, WALK 1 mexny co6oii u cpaBHeHHEe rpaduKkoB B
mapax ST 3 — WALK 2, ST 4 — WALK 3 mnoka3bIBaeT, CKOJIb TPYJAHO PA3TUYUTh BU3YAJIbHO
peanu3anyy NporeccoB € €ANHUYHBIM KOPHEM OT pealn3alvii, COOTBETCTBYIOLIUX CTAllMOHAPHBIM
VI CTAllMOHAPHBIM OTHOCUTENILHO JIETEPMUHUPOBAHHOTO TPEH/IA MPOIIECCOB.

[lepeiinem Temepb K (hopMaabHBIM CTATUCTUYECKUM KPUTEPUAM HAIUYUS (MM OTCYTCTBHS)
€IMHUYHOTO KOPHS.

6.2. Kpumepuu [lJuku — ®ynnepa

Ms1 yxe roBopwid Bo BBelneHuHn 0 TOM, YTO MPU OLICHUBAHUU MO CTATUCTUYECKUM JAHHBIM
CTaTUCTUYECKON MoJiesi B (hopme Tpoliecca aBTOPErpeccun

SM: x;=a1xi-1te, t=1,...,T,
B Clly4ae, KOT/la HICTHHHAs MOJIEJIb, TIOPOKIA0Iast JaHHBIC (rpoyecc nopoxcoenusn oanuvix, DGP
— data generating process), IM€eT BU]l

DGP: x;, =x;_1+ & ,TH€ & — TayCCOBCKHI OCIBIH 1IyM,
T.e. a; = |, OllcHKa HaMMEHBUIMX KBaJpaToB d, KodddummeHrta a; HE MMEET HOPMAIHLHOTO

pacrpe/ie/ieHus] 1aXe acCUMOTOTHYECKH. B 1eHCTBUTENBHOCTH HMEET MECTO CIENYIOLINH (akT.
Ipu T— o0 u a;=1

o, 1) LDTOF -1}
j W ()] dr

0
rne W(r) — cmanoapmuoe o6poynogckoe oguriceHue ¢ HENPePLIGHLIM 6peMeHeM U CXOAUMOCTb
NOHMMAETCS KaK CXOJUMOCTb pAaclpeAesieHUs] CIydyalHOM BENWYMHBI, CTOSILENH CclieBa, K
pacnpeeNIeHUIO CITy4aiiHON BEJIMUMHBI, CTOAILIEHN CIIpaBa.
[Ipouecc W(r) siBnsercs HENPEpHIBHBIM aHAJIOTOM JIUCKPETHOIO CIy4YailHOTro Oy KIaHus




X =Xi_1t &
3T0 mpotece, Al KOTOPOTo
e W0)=0;
o Ilpupamenus (W(ry) — W(r1)),..., (W(ri) — W(r 1)) HE3aBHCHMBI B COBOKYIHOCTH, eciu 0
<rn<n<..<r; W) -Wr) ~NO,s—r) npu s>r;
e Peanuzanuu W(r) HEPEPHIBHBI C BEPOATHOCTHIO 1.

3 ompezneneHus, B 4acTHOCTH, cienyer, uto W(1) = W(1) — W(0) ~ N(0, 1), tak uto [W(1)]* ~
)(2(1). Otcro/1a BBITEKACT, YTO MPHU O0JbIUX 1’

Pla, <1}=Pa, —1<0}~ P{ W () =1 < 0f= P{ (1) <1}=0.68,
tak yto ecau DGP — mpocroe crnyuaitHoe Onyxmanue (6e3 cHoca), DGP: x, =x,_1+¢& , TO
oneHuBanue SM:x; =a; x;_|+ & HaeT 3HaYeHUE g, <1 mpuMepHO B 2/3 ciryyaes.

Kputnueckue 3Ha4eHus pacmpeneneHus cratuctTuku 1(a,— 1) mpu rumorese a; = 1 s
KOHEYHBbIX 7 HaXoAsITCs METOJIOM CTaTHCTUYecKuX ucrhbiTanuii (Monte — Kapio); BmepBbie 3TO
obu10 caenmano @ymrepom [Fuller (1976)]. CooTBeTcTByromme TaOMUIBI  MMOCTPOCHBI B
npeanojaoxenun, uro & ~ N(O, 052), €, ..., &7 — HE3aBUCUMBIE CIIy4yallHbIC BEJIUYUHBI U X = ().
OpHako creayeT 3aMeTUTh, 9TO XOTS 3HaYCHHE X HE BIUSET HA aCUMITOTUYECKOE pacrpe/esieHue
T(a,— 1), oHo BiusieT Ha pacupenenenne 7(a,— 1) mpu MaibIx BEIOOpKaXx.

Kputepnii, ocHoBauHbIIT Ha cratuctuke 7(a,— 1), orBepraer runotesy Hop: a; = 1 B mons3y
anmpTepHaTUBHOM rumote3sl Ha: a; < 1 Ha 5% ypoBHe 3HaumMocTH mpu 3HaueHwsix 1(a, — 1),

MeHbIHNX T(a, — 1)xpur, AN TIPU 3HAYCHUAX d, , MCHBIIUX Q; xpur » TA€

T | T(a,— Dpur | @ xpme
25 |-7.3 0.708
50 |—-7.7 0.846
100 [ — 7.9 0.921
250 | - 8.0 0.968
500 | — 8.0 0.998
oo |[—8.1

Kak BugHO M3 3TOM TaOmuIpl, Ipu HEOONBIINX 3HaUeHUsX 1 tumore3a Hy oTBepraercs mumib ajis
3HAYCHUH @, , HAMHOTO MEHbIINX 1. UyBCTBUTEIBHOCTh KPUTEPUS BO3PACTACT TOJIBKO IPH BEChbMa
0OJIBIIOM KOJHYECTBE HAOMIOACHUN. DTO MPUBOIUT K TOMY, UTO MpU HEOONbIMX I OTBEPrHYTH
runore3y Ho: a; = 1 B nonb3y anbrepHatuBHOM runote3bl Ha: @) < 1 70BONBHO TpyAHO, AaKe €CiU
@, CyIECTBEHHO MEHbIIIE 1.

Bonee npuBbIUHBIM SBIIATIOCH OB, KOHEUHO, UCIIOJIb30BAHKE I MTPOBEpPKU TUMoTe3bl Hy: a; =1
npotuB Ha: a; < 1 oTHOwmIEHUS



_ &1 -1
s(a,)

rae s(a,) — OleHeHHas CTaHJapTHas OmNOKa oueHKH &, . OHAKO, MOCKONBKY Ipu a; = 1 yxe u

(t-omnowenue, t-ratio, t-cmamucmuka),

caMa OILICHKa &1 HE€ MMECT HOPMAJIBHOIO pacHpeleiIcHHusA, TO M 3TO OTHOIICHHE HE HMEET -

pacnpenenenuss CrtbroeHTa. KpuTuyeckue 3HAYE€HHS 3TOM  /-CTATUCTHKA Tpu I — o0 H
HEKOTOPBIX KOHEYHBIX 3HaUeHHUsX I Takke BIEpBbIe ObLTH MpuBeneHbl B pabore Dymepa [Fuller
(1976)]. I'mnote3a Hy: a; = 1 oTBepraeTcs B MoJb3y albTepHATUBHOM TUNIOTE3bI Ha: a; < 1 mpu
OOJNBIINX OTPHULATENBHBIX 3HAYEHUSAX YyKa3aHHOM cratuctukd. CpaBHUM 5% KpuUTHYECKHE
3Ha4eHus, ykazaHHble Oymnepom, ¢ 5% KpUTHUYECKMMHU 3HAYEHUSIMH OOBIYHOTO OJIHOCTOPOHHETO #-
KpPHUTEpHs, BEIYUCIsIEMbIME 110 pacnpeaenenuto Cteiogenta (17— 1) ¢ (7— 1) cteneHsiMu cBOOOABI:

T | ®ymaep | CTboaeHT
25 | —1.95 —1.71

50 |-1.95 —1.68

100 | —1.95 —1.66

250 | —1.95 —1.65

500 | — 1.95 —1.65

o |—-195

Tabnuia WuTIOCTPUpPYET CKOIIEHHOCTh pacnpenenenus (a,— 1)/s(a,) npu a; = 1.
B uyucne nmpoyero, Mbl NpUBOAWIM B pasza. 6.1 CMOAEIMPOBAHHYIO peaM3allMIO Mpoliecca
ciydvaitHoro OmyxnaHust 6e3 cHoca x; = x.1 + & (WALK 1). Onennm mo 3Toil peanuzanuu

CTATUCTUYECKYIO MOJIENb X; = d] X, + & , UCTIOJNB3Ys nepBbie S0 HAOMIOACHMI:
Dependent Variable: WALK 1

Sample(adjusted): 2 50

Included observations: 49 after adjusting endpoints

Variable Coeff. Std. Error  t-Statistic  Prob.
WALK_1(-1) 0.970831 0.035729  27.17224  0.0000
3HayeHUe yKa3aHHOro BbIle f-oTHomeHus pasBHo (0.970831 — 1)/ 0.035729 = — 0.816 wu

npeBbIIIaeT KpuTtuueckoe 3HaueHue —1.95. [loaromy rumnoreza o HaIMYMKM €JUHUYHOTO KOPHS HE
MOET ObITh OTBEPrHyTa Ha 5% YpOBHE 3HAUUMOCTH. DTO COIJIACYETCsl C MOJIyYeHHON OLCHKOU
0.970831 ko3 dunmenta a;, 3HAYUTEITHHO MPEBHINIAIOIICH KPUTHICCKH ypoBeHb 0.846.

C npyroil CTOpOHBI, €CIIM Mbl BO3BMEM CMOJEIMPOBaHHYIO B pasa. 6.1 peammsamuio ST 1
craimoHaproro psga x; = 0.8 x,.; + & (UMeIOLIEro HYJIEBOE MaTEMaTUYECKOE OXKUIAHUE) U
OLIEHUM I10 3TOM peanu3aly CTaTUCTUYECKYI0 MOJENb X; = dj X.1 + & , UCNONB3ys nepBble 50

HaOJII0ICHUH, TO MOy YHM:

Dependent Variable: ST_1

Method: Least Squares

Sample(adjusted): 2 50

Included observations: 49 after adjusting endpoints



Convergence achieved after 2 iterations
Variable Coefficient Std. Error t-Statistic Prob.
AR(1)  0.790557 0.090501 8.735349 0.0000

WHTepecyroniee Hac #-oTHOIIEHUE paBHO — 2.314 <—1.95, 4To NpUBOAUT K OTBEPKEHUIO TUIIOTE3BI
€IMHUYHOTO KOpPHS. DTO COIJacyeTcs ¢ TEM, UYTO OLIEHEHHOE 3HaueHue a; 37ech paBHO 0.791 u
3HAYUMO OTJIMYaeTCs OT 1.

OO6patumcs Tenepb K cMonenupoBanHoi peanmsanuu ST 2 cranmmonapHoro AR(1) mporecca x;
=02+ 0.8 x| + & (Maremarndyeckoe oxkupaHue Koroporo pasHo 1). CpenneapupmeTnueckoe
3HaueHue nepBbix S0 3HaueHuit psaa paBHo 0.596. [TorTomy maxke eciiu Obl MBI HE 3HAJIM, KaK 3TOT
PAI MOAEIUPOBAJICS, Mbl BCE K€ MOIJIM CKa3aTh, YTO €CIU ATOT PsJ CTAIMOHAPHBIN, TO OH UMEET
CKOpee HEeHYJIeBOE€ MaTeMaTthueckoe oxkuaanue. Ho toraa anprepHatuBo s runore3bl Ho: x; =
X1 T & (HaIMYMe eMUHUIHOTO KOPHS) JOJKHA OBITh TUIIOTE3a

Ha: xi=atarxte, ai<1l, a £0.

[ToaToMy B KauecTBE CTATUCTUYECKON MOJETU Mbl OepeM Terephb MOJIENb

SM: x;, =a+a;x.1te .

[IpenenbHOE pacrpenencHue ctaTUCTUKH 1(d, — 1) He TOJBKO HE SIBJISETCS HOPMAIBHBIM, HO U

OTJIMYAETCS OT PACTIPEICIICHHS 3TON e CTATUCTUKHU MpH orieHuBaHUU SM ¢ o= 0; mpu T =25 P{
a, <1} =0.95. B cnenyrormei Tabnume npyuBeIeHbl KPUTHIESCKUE 3HAYCHUS AJIsl 3TOTO CIIydasi:

T T( &1 - l)KpI/IT dl KpUT tKP“T (q)yﬂﬂep)
25 | —125 0.500 | —3.00
50 |-133 0.734 | —2.92
100 | — 13.7 0.863 | —2.89
250 | - 14.0 0.944 | —2.88
500 | — 14.0 0.972 | —2.87
o |—14.1 —2.86

AHanmu3 B paMKax CTaTUCTHYECKOM Monenun SM: x, = a + a; x.1 + & psana WALK 1 (1o nepBeim
50 HaOMIOACHUSIM) JTACT 3HAUCHUE

t =—2.143 > tipur = — 2.92,

TaK YTO THIOTE3a O TOM, YTO MBI UMEEM JIETIO C Pealu3allieil CIIy9aifHOTO Oy KIaHUS X; = X1+ &
, He OTBepraercs.

Amnanus B paMKkax 3Toil ke craructuyeckoid mogenu paga ST 2 maer (mpu 7 = 50) 3HadyeHue ¢
= — 2.245 , TaKk YTO THUIOTE3a EAWHUYHOTO KOPHS HE OTBEPraercsi HECMOTPsl HAa TO, 4YTO
MOJIeJIUpOBaiach peann3alus cTalmoHapHoro npouecca. [lociaeanee cBsi3aHo, KOHEYHO, C TEM, YTO
olleHeHHoe 3HaueHne a,= 0.794 BeIre kpuTndeckoro yposHs 0.734.

3amMmeuanue



Ecnu MbI mpoananuszupyeM B pamkax Bce To ke SM: x; =a+a;x.1+¢& pan ST 1(c a=

0), To momy4um

a, =0.785> a, = 0.734, t=—2.298> tipur =—2.92,
TaK 4TO TUnore3a eauHudHoro kopHs it ST 1 He orBepraercsa. B To ke Bpems, Kak Mbl yxke
BHUJICNIH paHee, eciu psia ST 1 aHanusupyercst B paMKax CTaTUCTUUECKON Moaenu SM: x; = aj x;- |
+ & , TO TUNOTE3a €IMHUYHOTO KOPHS OTBEPraeTcsl.

DTOT MpUMEp WLIIOCTPUPYET TO OOCTOSATEIHCTBO, UTO TMPHU TOOABICHHUH B CTATUCTUYECKYIO
MOJIeTIb HU3TUIIHUX OOBSCHSIONIMX IEPEMEHHBIX (B T.4. W KOHCTAaHTBI) MOIIHOCTh KPHUTEPHUS
CHWYKAETCS, 1 OTBEPTHYTh THUIIOTE3y CAMHHUYHOTO KOPHS CTAHOBHUTCS TPYIHO, JAXE €CIIM OHA HE
BepHa. [loATOMYy Ba)KHO BBIOMpATh CTATUCTUYECKYIO MOJETH “0€3 W3IUIIECTB”, BKIIOYAs B HeEe
TOJIBKO TaKHE COCTAaBIISIONINE, KOTOPHIE COOTBETCTBYIOT MOBEJACHUIO HAOIIOAAEMOTO BPEMEHHOTO
psna.

[TocmoTtpum teneps Ha peanuzannto ST 3 cranuoHapHOro mpouecca

X =0.16+0.047r+08x_1+¢&,
CTallMOHAPHOI'O0 OTHOCHUTENBHO JIMHENHOro TpeHaa 0.2 ¢ . Ora peann3anys I0X0Ka Ha peanu3aliio
WALK 2 cnydaitHoro 0my>xaanus co cHocoM 0.2

x;=02+x;_1te:
25 15

20+ 10
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104
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Orcroa BO3HUKAET TMpoOJieMa pazIWyeHUsi MOAOOHBIX TMPOIECCOB, M B CBA3H C OJTHM,
paccMmaTpuBaeTcs 3aa4a MPOBEPKU THITOTE3bI

Ho: x;, =a+x.1+t¢&, a#0, (cnyuaitHoe Oy>X1aHUE CO CHOCOM)
B PaMKaX CTaTUCTHYECKON MOJeNn

SM: x,=a+pft+ax1+é&.
@ymiep 3araOyaupoBai MPOLEHTHBIE TOYKU PACHpPENCNICHUH OLEHKH d, W  {-CTATUCTHKH I
MPOBEPKU TUIOTE3bl @) = | B TaKOW CUTyallUH .

Ecmm DGP: x, =a+x.te& ¢ a#0, 10 5% KpuTnieckue 3Ha4eHHUs CTaTUCTUKU (@, — 1) n
YKa3aHHOW #-CTaTUCTHUKU TAKOBBI:
T | T( &1 - I)KpI/IT tKPPIT (chHHep)

a; xpur




25 |-179 0.284 | —3.60
50 |—19.8 0.604 | —3.50
100 | —20.7 0.793 | —3.45
250 | —21.3 0914 | —-343
500 | —21.5 0.957 | —-3.42
o |-21.8 -3.41
[Ipoananu3upyem B paMmkax cTaTHCTU4Yeckor momenu SM: x, =a + ft + a; xo + &

CMoOJIeIMpOBaHHbIe peanu3anuu (onsate oepem 1 = 50).

Jast WALK 2 umeem a, = 0.858 > a4, pur=0.604, ¢ =—2.027 > tipur = — 3.50,
TaK 4TO MIIOTE3a EJMHUYHOIO KOPHS HE OTBEPraercs.

Jnsa ST 3 umeem a, = 0.733 > a4, qur = 0.604, ¢ =—2.687 > tipur = — 3.50. 3nech 3HaUEeHUA
a, m t Ommke K Kputuaeckum, ueM y WALK 2, HO Bce e elie 3HaYUTEeNIbHO MX MPEBBILIAIOT,
TaK 4TO MIIOTE3a EJMHUYHOIO HE OTBEPraeTcsl U B 3TOM Cllyyae.

Crtporo roBopsi, mpu BuAe peanuzauuid, mogoOHBIX ST 3, MBI HE IOMKHBI HCKIIOYATh
BO3MOXHOCTh TOro, uro DGP — ciyuwaiinoe OxyxknmaHue 0e3 cHoca, Tak YTO CJIEJOBajo Obl 3HATH
TaKKe M PacIpesieieHust d, M ! B CTATUCTUYECKOU MOJAECITH

SM: x;=a+pft+ta x1+é&

B MIPEATIONOKEHHUH, YTO

DGP: x; =x.1t & .
HccenenoBanue 3TUX paclpeeseHUi M0Ka3alo, YTO OHU COBIIAIAIOT C PACIIPEACICHUSIMU 4, U 1,
MOJIYYEHHBIMH B TIPEATNONI0KEHUN

DGP: x,= atx_1t+e&, a#0,
TaK 4TO MPHU UCIIOIb30BAHUH CTATUCTUYECKOW MOJEIH

SM: x;,=a+pft+ta x1+&

OJTHM U Te K€ TaONuIbl pactipeneneHnii a, u t rogarcsi unpu DGP: x, =x.1+¢ wunnpu DGP:
Xxx=otx_te, a+£0.

[Ipoananu3upyem B pamKax craTUCTHYeckod momemn SM: X, = o + St + a) xo1 + &
peanuzauntro DGP:  x;, = x.1 + & , npeacraBineHHyro psangom WALK 1. OuenuBas 31y
CTaTUCTHYECKYIO MOJIENb, omy4aeM (kak u mpu DGP: x; = 02 +x. 1+ & ) a,=0.858 > 4, wpur =
0.604, ¢=-2.027 > tpur =— 3.50, Tak 4TO rUNOTE3a €AUMHUYHOIO KOPHS HE OTBEPIaeTCsl.

OtmeTHM, HaKOHEIl, 3aMeuaTellbHbIN pe3ynbraT MakkuaHona [MacKinnon (1991)], koTopsrii
yKazall IpOCTYIO NPUOIMKEHHYIO (OPMYJTy ISl BBIYMCICHUS KPUTUYECKUX 3HAUEHUN /-CTaTUCTUK
B kputepusix @ymnepa. IMeHHO, OH MOKa3al, YTO €CIOH  fpur(p, 1) — KPUTUUECKOE 3HAUYEHUE -



CTaTUCTHKH 10 Dyiiepy, COOTBETCTBYIONIEE YPOBHIO 3HAYMMOCTH p U KOJIMYECTBY HAOIIOJCHUN
T, 10

(P 1) = o+ BT + BT 2,
rne Pw , f1, P2 — HekoTOpble KOAD(OUIMEHTHI, 3aBUCSIINE OT p U OT TOro, Kakoe U3 Tpex
pactipenenenuit  dymiepa  paccmarpuBaeTcs.  MaKKMHHOH  TPUBOAUT  TaOIMIly  9THUX
koaddurmentos st p = 0.01, 0.05, 0.10.

IIpumep
B riaBe 5 MBI aHAIM3UPOBAIA CTATUCTHUYECKUE JaHHBIE 00 00beMe MOTPEOUTEITHLCKUX PACXOI0B

Ha TOBapbl KPATKOBPEMEHHOTO IMOJIb30BAHUS U yCIyTU B BenmukoOpuTaHuM 3a Mepuojl ¢ MEePBOTrO
kBaptana 1974 r. mo yeTBepThi kBapTasn 1985 r. DToT psa ObUT MACHTHPUIIMPOBAH KaK MPOIIECC
aBTOPETPECCUU NEPBOTO MOPAJIKA OTHOCUTENBHO JJUHEHHOTO TPEHIA:

X; —47962.75 -315.1909 ¢ = 0.884803 (X, —47962.75 -315.1909 (+-1)) + &,
W

X;=5804.037 +36.30898 ¢ + 0.884803 X, + & .
Tam e Mbl OTMETHIIM, YTO HECMOTpPS Ha TO, YTO MPU MOJYy4YeHHOU TodyeuHou oueHke (.884803
kodpduimenTa npu X, ; TOCTPOCHHAs MOJAETh (OPMATBLHO OKa3bIBACTCS CTAIMOHAPHOM
OTHOCHUTENIFHO JETEPMUHUPOBAHHOTO JIMHEWHOTO TpeHnaa (T.e. ACTPEeHAMPOBAHHBIA MpoIece
cinenyet cramuonapHoit AR(1) mozmenu), Mbl HE MOXEM C JIOCTATOYHOM CTETNEHBIO YBEPECHHOCTH
rapaHTUpOBaTh, YTO MCTUHHAs MOJENb TOPOXKICHHUS HAONIOIEHUH TakkKe  CTalloHapHa
OTHOCHUTENIBHO JIMHEHHOro TpeHaa. PaccMoTpuM 3Ty mpobieMy C TOYKM 3pEHHUS KPUTEpUEB
€AMHUYHOTO KOPHS.

[lockonbky wuccnenyemblii psaa  o0nagaeT BBIPAKEHHBIM JIMHEHHBIM TPEHIOM, Oyaem
JEHUCTBOBATh B paMKaX CTaTUCTUYECKON MOJEIIH

SM: x;=a+ftta x_1teg
[Ipoepum runoresy Hp: x;, = o +x,- 1+ & , nons3ysack cratuctuyeckum naketom EVIEWS, B
KOTOPOM HCIIOJIb3Y€eTCsl pUBEIeHHAs BbIle (hopMyna MakKHHHOHA!

Test Statistic -1.425277 1% Critical Value* -4.1630
5% Critical Value -3.5066
10% Critical Value -3.1828

*MacKinnon critical values for rejection of hypothesis of a unit root.

B cootrBercTBUM ¢ aTMMHU pe3ylibraTaMu, Tunore3a Hy He orBepraerca. Ho ecnu cunrars, 4To oHA
BBITIOJTHEHA, TO TOTIa B KOHEYHOM CUETE CJICYeT OIICHUBATh HE MOJIeTb X; = a+ ft+a; x,_ 1+ & ,
a Mozmens x; = o +x,_ 1+ & . OueHuBanue nociuegHeit B popme A x; = o + & HaeT CIeTYIOMUN
pe3yJibTar:

Variable Coefficient Std. Error t-Statistic Prob.

o  236.8958 80.80998 2.931517 0.0052
_ Durbin-Watson stat 2.135959

3TO COOTBETCTBYET MOJIENU CIYyYaitHOTO Oy KJIaHHsI CO CHOCOM




Xt = 236.8958 + Xt—1 + Er .

Bce paccmoTpenHble BapuaHThI MPOBEPKH TUIOTE3bl O HATMYUM €IUHUYHOTO KOPHS B paMKax
CTaTHUCTUYECKUX MOJeNei

SM: x; =a; x;-1+ &

SM: x;=a+ta1x;-1té&

SM: x;=a+ftta x_1teg
OCHOBBIBAIMCH HA PACHpPENEICHUSX OLEHKH HAaUMEHBIIUX KBaApaToB koddduumenta a; u t-
CTATUCTUKHU JJI TIPOBEPKH THIOTE3bl @] = | IPU COOTBETCTBYIOMIMX MPEIMOJIOKEHUAX O TIPOIIECCEe
MOPOKICHUS TaHHBIX:

DGP: x;, =x,_1+¢& (ciayuaiiHoe OiyXaaHHE),

DGP: x; =a+x,_1+ & (ciay4aitHoe OIyXJaHUE CO CHOCOM).
C nmpyro#t ctopoHsbl, Hanpumep, eciu SM:  x;, = a +a; x,_ |+ &, To TUNIOTE3a X, = X/, |+ &
paBHOCHUJIbHA TUIIOTE3E

H()Z a=0,a1=1.
Ecnu Obl MBI HAXOAUIUCH B paMKax KJIACCHYECKOW MOJENU JTMHEHHOW perpeccuu, TO MpOBEPSUIU
MOJ00HYIO THIOTE3Y C UCIMIOIb30BaHUEM F-CTaTUCTHKHU

_ (RSS,—-RSS)/2
'ORSS/(T-1)-2)’

KOTOpasi B KJIACCHYECKOM BapuaHTe uMmeet rnpu runorese Hy F-pacnpenenenue @umepa F(2, T - 3)
c iByma u T — 3 crenensimu cBoOobl. [TockonbKy, 0THAKO, MBI UMEEM JieJIo TipH runorese Hy ¢
HECTAIMOHAPHBIM TPOIECCOM, TO, BOOOIE TOBOpS, HE CICAYET OXKHUAATh, YTO paclpeieiieHHue
cratuctukun @, npu runotese Hy OyneT umers (xoTa Obl acuMnTOTHYECKH) pacnpenenenue F(2, T
— 3). Oror Bompoc Obu1 mccaenoBan uku u @ymiepom [Dickey, Fuller (1981)]. Umu Obuim
MOCTPOCHBI TabMuIel pacnpenencHus cratuctuku @O, npu rumorese Hy: a = 0, a; = 1. Huxe
npuBeneHbl 5% KpUTHUYECKHE 3HaueHus craTUCTHKU @) , paccuutanHble J(uku u Dysuiepom, a
TaKoKe (Ul cpaBHEHUs) 5% KPUTHUYECKUE 3HAUCHUS Fpyr , PACCUUTAHHBIE 110 paclpeencHuto F(2,
n —3) (cMm., Taoke [Hamilton (1994), Tabnuna B.7 Case 2] u [Enders (1995), Tab6numa CJ):
T CI)1 KPUT FKpHT

25 |5.18 3.44

50 [4.86 [3.20

100 | 4.71 3.10

250 | 4.63 3.00

500 | 4.61 3.00

o 459 |3.00

ITpumep
Omnste BozbMeM Jutst ipumepa psiael WALK 1, ST 2, ST 1 (mo 50 HaGmroneHwmid).



OuenmBast SM: x; = a +a; x.1 + & g paga WALK 1, monywaem 4 = — 0.579, a,= 0.850,
RSS =48.0335. B mozmenu ¢ orpannuenusiMu a =0, a; =1 uMmeeM X, = X, |, TaK 4TO

T
RSS, =Y (x,—x,,) =52.7939,
t=2

_(52.7939-48.0335)/2
' 48.0335/(50-1-2)
runore3a Hy He oTBepraercs.
Just ST 2: @ =0.181, a,=0.777, RSS = 52.6618. B moaenu ¢ orpannyenusmMu o = 0, a; = 1

umeeM RSSy = 59.0547,

o - (59.0547-52.6618)/2 ) ocr 1o 3
52.6618/(50—1-2)

runoreza Hy He oTBepraercs.

Jqast ST 1: a=-0.042, a,=0.785, RSS = 52.7007. B mozmenu ¢ orpannuenusmu o =0, a; =
1 umeem RSS; = 58.0671,

®,=2.662 <4.86 =>» runote3a Hy He oTBepraercs.

Takum 00pa3oMm, JJIst BCEX TPEX PSAAOB CTATUCTHYECKUE BBIBOJIBI, CCTAHHBIC HA OCHOBAHUH -
CTaTUCTHK IS KOd((HUIMEHTa a; , COBHAIU CO CTATUCTHYCCKHUMHM BBIBOJAMHM, CACTAHHBIMH Ha
OCHOBaHUHM [F-CTaTHCTHKH.

=2.329<4.86 =

B pamkax craTuCTUYECKON MOAEIHU
SM: x;,=a+pftta x.1+&
runore3a DGP: x; =x,1+ & CcOOTBETCTBYET rumnorese
H()Z a=/>’=0,a1=1,
arunore3a DGP: x; = a + x.1 + & — rumnorese
H()Z /)’=O,a1=1.
F-cratuctuka nms mepBoro ciydas uMmeer obozHaueHue @D, ; 5% KpUTHUECKHUE 3HAUCHUS PaBHBI
(cm. Takxke [Enders (1995), Tabmuma C])

T_CDIKQI/IT
25 [5.68
50 [5.13
100 [ 4.88
250 [ 4.75
500 | 4.71
o | 4.68

F-cratuctuka ams BTOporo ciaydas uMeeT obo3HadeHue @D; ; 5% KpUTHUECKHE 3HAYECHUS PaBHBI
(cm. taoke [Hamilton (1994), Tabnuna B.7 Case 4] u [Enders (1995), Tabmuma C]):



T_ CDIKQHT
25 |7.24
50 [6.73
100 [ 6.49
1250 | 6.34
500 | 6.30
o |6.25
Ipumep

Paccmotpum psaaer WALK 1, WALK 2, ST 3. OuieHuM CTaTUCTUYECKYIO MOJIETb
SM: x;, =a+pfttarx+e

JUISL K&KJOTO U3 OTUX PAIOB U IPOBEPUM ISl HUX
e Twunoresy Hp: a ==0,a; =1, onupasice Ha cTaTUCTUKY D;;
e Twunoresy Hy: =0, a; =1, onupasice Ha cTaTUCTUKYy D3 .

HQZ a=B=0,al=1
WALK 1: a=-0.854, ,3 =0.012, a,=0.858, RSS =46.7158. B Mozenu ¢ orpaHuYCHUIMH

RSSy = 52.7939,
@, =1.995 <5.13 =» runote3a Hy He oTBepraercsi.

WALK 2: ¢=-0.711, ,3 =0.040, a,=0.858, RSS =46.7158. B Mozenu ¢ orpaHUYCHUIMH

RSSy, =52.7939,
@, omsath paBHO 1.995 < 5.13 =» runoresa Hy He oTBepraercs.

ST 3: a=-0.345, ,@Z 0.070, a,= 0.733, RSS = 50.3928, ®, = 1.207 < 5.13 =>» rumnore3a
Hy He oTBepraercs.

HQZ B = O, a = 1
WALK 1: RSS =46.7158. B monenu c orpannuenusimu RSSy = 52.7282,
®;=1.973 <5.13 =» runore3a Hy He oTBepraeres.
WALK 2: ®; onsts paBrHo 1.973 =» runotesza Hy He oTBepraercs.
ST 3: RSS =50.3928, ®,=0.711 =» runore3a Hy He oTBepraercsi.

PaccMmoTpeHHbIe TpUMEPHI YKa3bIBAIOT HA TO, YTO U C TTIOMOIIBIO (POPMaTBHBIX CTATUCTHYECKHUX
KpUTEpreB OBbIBACT MPAKTHUYECKH HEBO3MOXKHO OTJIHYUTH PEATHU3AHMH TPOIECCOB C CIUHUYHBIM
KOpHEM U 0€3 HAJTMYHsI TAKOBOTO TP HEOOIBIIIOM KOJTUYECTBE HAOIIOACHHI. DTO CBSA3aHO C BECbMa
HU3KOW MOIIHOCTBIO COOTBETCTBYIOIIMX KPUTEPHEB MPU YMEPEHHOM KOJIUYECTBE HAOIIOICHUN U
“Omm3kux” anmprepHaTHBax. CKa)XeM, JOCTaTOYHAs MOIMHOCTh Kputepus @D mocTuraercss TOJIBKO
npu a; <0.8, aTakxke ecnu o 6mu3ko Kk 1 wm o > 1. MomHuoctu kpurepue @, u @3 eme HIKE.




Te >xe 3aMe4aHUs OTHOCSITCS M K KpPUTEPHSIM, OCHOBAaHHBIM Ha “‘/-CTaTHUCTUKaX W Ha CTaTUCTHKE
T(a, - 1).

Bce 310 mpuBOAUT K “Ipe3yMMIMU HAJIUYUS €AMHUYHOTO KOPHS~ B Cllydyae, KOrja B KaueCTBE
HyJieBol runore3bl Hy Oepercst IMEHHO TUITOTe3a €AMHUYHOTO KOPHSL.

B cBsi3u ¢ 3TuM, psAoM aBTOpPOB ObljIa pacCMOTpEHa 3ajadya MPOBEPKU HYJIEBOW TUIIOTE3BI
CTallMOHAPHOCTH  (CTAallMOHAPHOCTU OTHOCHUTEIBHO JETEPMHUHMPOBAHHOIO TpPEHJA) IPOTUB
aNbTEpHATUBHON THIOTE3bl €AMHUYHOTO KOpHSA. B nanmbHelmeM Mbl KOCHEMCS 3TOrO BOIIpOca
HECKOJIBKO MO/IpO0HEe, a ceyac OTMETUM TOJIBKO, UTO MPH TAKOM MOJX0/1€ HaOIr01aeTCsl IoX0XKast
kapTuHa. Kpurepun craiimoHapHOCTH MMEIOT HU3KYIO0 MOIIHOCTb, U BCIIEJCTBHE 3TOI'O BO3HUKAET
yKe “Ope3yMILus OTCYTCTBHUS €AMHMYHOrO KOpHsS . I103TOMYy MBI OTJIOKHMM IOKAa 3HaKOMCTBO C
TaKUMU KPUTEPUSIMHU U BEPHEMCS OMSTh K PACCMOTPEHMIO CUTYallMd, KOTJla OCHOBHOM (HYJIEBOIN)
ABJIIETCS TUIIOTE3a HAJIMYMS €IMHUYHOTIO KOPHSL.

[TosrydeHHbI€ BbIIIE PE3yJIbTAThl IPOBEPKU TMITOTE3bI €AUHUYHOTO KOPHS JUISl CMOIETUPOBAHHBIX
peanu3annii CTallMOHAPHBIX MPOLIECCOB MPEACTABISAIOTCS KpailHe NECCUMUCTUYECKUMHU: TIPU
WCITOJIB30BaHUU TIepBbIX 50 HaOMI0IeHNI ATa TUIIOTE3a HE OTBEPraeTcs
e JInaST 1 uST 2Bmnape
DGP: x, = x.1+é&, SM: x;=ataix.1té&;
e Jlna ST 3 B mape
DGP: x; = a+ x.1+t& (mam DGP: x, = x.1+¢&),
SM: x, =a+pfttarx+é&.
[Tpocnenum, 4To aeT MpoBEpKa rMNOTE3bl EAMHUYHOTO KOPHS B 3TUX XK€ CBSI3KaX, HO MPH
MCTIOJb30BAaHUU OOJBIIEr0 KOJIMYECTBA HAOIIOACHHUIA; st 3TOT0 Bo3bMeM Teriepsb 1 = 100.
CpaBHUM NOJTy4YeHHBIE PEe3yJIbTaTh (B MOCIEIHEN CTpOKe TaOIUIbl UCHIOIb30BaHbl 10%
KPUTHYECKHUE 3HAUEHUS):

n =50 n =100

ST 1 t=—2.298> tipur = —2.92, t =—3.238 < tipur = —2.89,
TUNOTE3a EAMHUYHOTO KOPHSL | TUIOTE3a €AUHUYHOTO KOPHS

HE OTBEPraercs OTBEpraercs
ST 2 t=-2245> tpur =292, t =—-3.217 < tipur = —2.89,
TUNOTE3a eAMHUYHOTO KOPHSL | TUIOTE3a €AUHUYHOIO KOPHS

HE OTBEPraercs OTBEpraercs
ST 3 t=—2.687> tpur =—3.18. =—3.207 < tipur = —-3.15,
runoTre3a CAMHUYIHOTO KOPHA THUIIOTE3a CAMHUYIHOTO KOPHA
He oTtBepraerca Ha 10% ypoBHe | oTBepraercs Ha 10% ypoBHe

[Tocnenuss cepust pe3yIbTaTOB OKA3bIBAET, UTO IPU YBEJIMUYEHUH KOIMYECTBA HAOIIOIEHUI
MOIIIHOCTb Kputepues [{uku — @yinepa Bo3pacTaer.



6.3. PacwupeHHbIe kpumepuu [uku - dynnepa

OOpatumcs onsITh K CTATUCTUYECKUM JaHHBIM O BEJINYMHE BAJIOBOTO HAILIMOHAIBHOIO MPOJAYKTa
(GNP) B CIIIA 3a nepuop ¢ nepsoro kBaprana 1947 r. no yerBepthiii kBapTan 1961 r. B rnase 5
MBI UICHTH(QHUIMPOBAIH 3TOT PSIJA KaK MPOLIECC aBTOPETPECCHU BTOPOTO MOPSIKA

X;—217.740 — 5.222 ¢t = 1.380 (X, 1 — 217.740 — 5.222(t-1)) -

— 0.630 (X2 —217.740 — 5.222(+-2)) + &,
WIn

X; =55.017+1.304 ¢+ 1.380 X1 —0.630X,» + & .
Kak npoBepuTh runoTe3y 0 HaJIMYUHM €IUHUYHOTO KOPHS B MOJIEIH aBTOPErPECCUH, TIOPOXKIAt0IIeH
9TOT psan? Beab B paccMOTpeHHBIX Bbllle Kputepusax [uku — @ysuiepa npoBepka TakON TMIOTE3bI
BEJIaCh B paMKax MOJIeJel aBTOPErpecCuy epBOro Nopsiika. BeIXo U3 3TOro NoJoXKeHHUs oKa3aucs
JIOCTaTOYHO MPOCTHIM.

PaccMmoTpuM cTaTHCTHYECKYIO MOJIENb

SM: x; =a+ft+aixiitarxat ... tayx,+e.
[TyTem umcTo anredOpanveckux mpeodpa3zoBaHU €e MOKHO MPeoOpa3oBaTh K BUILY

(#) X¢ =a+ﬂt+px,,1 + (91 Axgqt .t Hlml Axt,pﬂ ) +é&,
rne

p=aitaxt..+ta,, 0;=—(aj+1+...Ta).

(B mpumepe ¢ GNP Takoe npeoOGpa3oBanue qaet

x; =55.017 +1.304 ¢ + 1.380 X1 — 0.630X,; + 0.630X,; — 0.630X,,+ ¢ =

=55.017+1.304 ¢+ 0.750 X,-; + 0.630 AX, 1 + & .)

Ecnu ncxomuth u3 TOoro, 4To ypaBHeHHE a(z) = 0 MOXKET MMETh TOJIBKO OJWH KOPEeHb z = 1, a
OCTaJIbHbIE p — 1 KOpHEH JiexaT 3a mpeaesiaMyd €IMHUYHOIO KPyra, TO TOTJa HaJludue €JUHUYHOTO
KOpPHsSl PaBHOCHIIBHO TOMY, 4TO aj; + a» + ...+ a, = 1, re. p = 1. (Cm., Hanpumep, [Hamilton
(1994)].) Taxum o0pa3zom, TuUmoTe3a CYLIECTBOBAHMS EIUHMYHOTO KOpHs y mpouecca AR(p)
CBOIMUTCS B 9TOM ciiydae k runore3e Hyp: p = 1 B mpeoOpazoBanHOM cooTHomeHuu (#) . s
MPOBEPKHU ITOU THUIOTE3bI MOYKHO TOJIH30BATHCS TEMH ke Tabnuiamu Dyriepa, TOJIBKO Ha 3TOT pa3
UCIIONB3YIOTCS 3HAYCHUsI CTaTUCTUKH T(p — 1) W ¢-OTHOWIEHHS VI MPOBEPKH TMITOTE3BI p = 1,

MIOJTyYCHHBIC TPU OIICHUBAHWUH pacuiupennoil (augmented) ctatuctindeckoid mogemm (#) (c f u o
, PAaBHBIMH MJIM HE PaBHBIMU HYJI10). COOTBETCTBYIOLIHE “/-CTaTUCTUKU 0003HauatoT 00b14HO ADF
(augmented Dickey — Fuller), B otnmnuue ot ctatuctuku DF, nomyuyaemoii qyist mogenu AR(1).

Jiist TOoro, 4ToOBl HE BBIYUCIATH CAMUM KaX/Iblii pa3 3Hau€HUE f-CTATUCTUKH JJIS TUIIOTE3bl p =
1, MmoxHO npeoOpa3oBath (#) K BUILY

(# #) Ax; =a+ﬁt+¢xt_1+(91 Axp g+ ..+ Qp_let_pH)‘i‘é‘t,



rae ¢ =p — 1, rak uro runore3a Hy: p = 1 B (#) paBHocwiibHa runiote3e Ho: ¢ = 0 B (# #).
B kauectBe anbrepHatuBHoil kK Hy: p = 1 B (#) BeicTynaer runote3a Ha: p < 1. [Ipu nepexone ot
(#) x (# #)) ona nmpeobpa3zyercs B runoresy Ha: ¢ <0 .

[Ipu 3TOM, 3HaUEHME “f-CTATUCTUKKU Ui IpoBepkH runote3bl Ho: p =1 B (#) UMCIE€HHO paBHO
3HAUEHUIO “/-CTAaTUCTUKU 1id poBepku runote3bl Ho: ¢ =0 B (# #).

[Ipumep
s psana GNP ouenuBanue moaenu
Ax; :a+ﬁt+§0xt71+91 Ax;,1+8,
(0OBIYHBIM METOJIOM HaWMEHBIIINX KBaJIPaTOB) MPUBOAMT K CIEAYIOLIEMY PE3yNIbTaTy:
ADF Test Statistic -4.117782 1% Critical Value* -4.1219
5% Critical Value  -3.4875
10% Critical Value  -3.1718

*MacKinnon critical values for rejection of hypothesis of a unit root.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(X)

Variable Coefficient Std. Error t-Statistic = Prob.

X(-1) -0.249792 0.060662 -4.117782 0.0001
D(X(-1)) 0.630066 0.109453 5.756490 0.0000
C 56.32136 13.18303 4.272264 0.0001

@TREND(1947:1) 1.304300 0.315357 4.135949 0.0001

['unoTe3a eAMHUYHOTO KOPHS OTBEpPraeTcs: 3HAUEHUE /-CTaTUCTUKU JJi IpoBepku runore3sl Ho: ¢
= 0 oka3bIBaeTcs HIKe 5% KpUTHUECKOTO 3HAUYEHUS], BEIYUCIEHHOTO 1o (opmysie MakkMHHOHA, U
65m3K0 K 1% KpuTHUECKOMY 3HAUEHHUIO.

B cBs13u ¢ nocieqHUM IpUMEpPOM, CIeayeT 0c000 OTMETUTh, YTO UCIOJB30BAaHUE PACILIUPEHHON
MOJIETI TIPEJIoaraeT, 4To KOJHYECTBO 3aMa3[bIBAIOIIMX PA3HOCTEH, BKIIIOUEHHBIX B IMPaBYIO
4acTh, UCUEPTIHIBACT BPEMEHHYIO 3aBUCUMOCTb, TaK UYTO & — HE3aBUCHUMBbIC CIyYalHbIC BEJIMUUHBI.
B 10 xe Bpems, He creayeT BKII0YaTh B MPABYIO YacTh M3NMHUIIHUX 3aMa3bIBAIOIINX Pa3HOCTEH, T.K.
ATO CHI)KAET MOIIHOCTh KPUTEPUEB KaK MO MPUYMHE OIEHUBAHUS JOTOJHUTEIHHBIX MMapaMeTpoOB,
TaK ¥ 10 MPUYMHE YMEHBIIECHUS HCIOIb3yeMOr0 KOTMYECTBA HAOIIOCHHIA.

Jlis ompeneneHus HaICKaNeH MIyOWHBI 3ama3bIBaHUN CJIEyeT HAYWHATH C OTHOCHUTEIHLHO
0O0JIBIIOTO MOpsAAKa p = p*, a 3aTe€M OMHPATLCS HA TO OOCTOATEILCTBO, YTO XOTS MPU HATUYUU

CJIMHUYHOTO KOPHS PaCHpeCICHHs OICHKH () M (-CTATHCTUKHU JJIs TPOBEPKU THMOTE3bl ¢ = 0
HECTaHJAPTHBI, PACHpelENeHusl OLEHOK Kodpduuuenrtos 6O, ... , 0,1 Bce ke SBIAIOTCA
ACUMIITOTUYECKU HOpMaJIbHBIMU. [103TOMY MOHO CHauaja MpoBEPUThH TUIIOTE3Y O TOM, YTO Hp*_l =

0, ucronb3ys OOBIYHYIO /-CTATUCTUKY U KPUTHUYECKHE TOUYKU COOTBETCTBYIOIIETO f-pacrpe/iesieHus
Crprozienta. Ecnu 3Ta runoresa He OTKIIOHSETCS, TO Jajiee IPOBEPSIeM TUHOTE3Y Oy« 1= O, 2= 0,



UCIIONIb3Ysl [-KpUTepui M IpPOLEHTHbIE TOYKU [-pacnpeneneHns Pumepa, n.t.4. [locime sToro
HPOM3BOJUTCS OObIUHAS TUAarHOCTUKA a/IeKBATHOCTH MOA0OpaHHON MOJEIH.

Upumep
[Iponomxum npeasiaymii npumep. Eciu B3sSTh nepBoHauaibHO p* = 5, TO MojydyaeM:
ADF Test Statistic -2.873575 1% Critical Value* -4.1314
5% Critical Value  -3.4919
10% Critical Value  -3.1744

*MacKinnon critical values for rejection of hypothesis of a unit root.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(X)

Variable Coefficient Std. Error t-Statistic = Prob.

X(-1) -0.266169 0.092626 -2.873575 0.0060
D(X(-1)) 0.546230 0.133521 4.090958 0.0002
D(X(-2)) 0.183918 0.149711 1.228486 0.2253
D(X(-3)) -0.020254 0.152201 -0.133077 0.8947
D(X(-4)) -0.058683 0.148061 -0.396345 0.6936

Cc 59.45556 19.32396 3.076779 0.0035

@TREND(1947:1) 1.397409 0.482120 2.898469 0.0056

[Tockonbky 3aech ¢ =—2.873575 > —-3.1744, To TMIIOTE3a €MHUYHOTO KOPHS HE OTBEPraeTcs Jaxe
npu BeIOOope 10% ypoBHA 3HauMMOCTH. B TO ke BpeMs, CTAaTUCTUYECKH HE3HAYUMBIMU
OKa3bIBAIOTCS KO3(PPHUIMEHTHI MPH TPeX MOCIEIHUX 3ara3/bIBaloUINX Pa3HOCTAX. P-3HaueHue F-
CTATHCTUKH KPHUTEPHUS /s THIOTE3bl O 3aHyJICHHH J3TUX TpeX KoddduuuentoB paBHo 0.44.
[ToaTOMy MOXXHO 0OOUTHCH 6€3 TpeX MOCISTHUX 3aMa3AbIBAOIINX PA3HOCTEH, a TAKYIO MOJCIIb MBI
TOJILKO 4TO OILICHWBAJH, U B HEH TUIIOTE3a €IMHUIHOTO KOPHSI ObLlIa OTBEPTHYTA.

Kpurepun luku - @ymnepa pakTuuecku MpeanoaaraiT, YTO HAOII0AaeMblid psifl OIUCHIBACTCS
MOJICJIBI0 aBTOPErPECCUU KOHEYHOIO MOpsiika (BO3MOXKHO, C MOIMPABKOM Ha 1€TEPMUHUPOBAHHBIN
TpeHn). Kak nocrynars B ciyuae, koraa psag x; umeetr Tun ARMA(®p, g)c ¢>07?

[Tycts x;, ~ ARMA(p, q) , Tak uto a(L) x,= b(L) &,
rae a(l), b(L) — monuHOMBI IOPSIKOB p U ¢, U IyCTh onepaTop b(L) oOpaTtum, Tak 4ToO MpoIece
MOYKHO IIPEJCTAaBUTh B BUJIE MPOLIECCA ABTOPErPeECCUN OECKOHEUHOI 0 TOPsIIKa

(L) xi=é&,
rne

cL)xi=all)/bL)=1+ciL+cL*+ ... .
B stom cinywyae mpencraBinenue (# #) ¢ KOHEUHBIM YHCIIOM 3ama3/bIBaHUA B TMPaBOH YacTH
3aMCHIACTCA 6€CKOHe‘IHBIM MMpEaACTaBJICHUECM

#H#H#) A =a+fttox 1+(O01 A1 TO A 2+ ... )+ e
OI[HaKO BCE KOBq)(I)I/II_[I/IeHTBI MOCJICAHCTO HCEBO3MOXHO OICHUTH IIO0 KOHCYHOMY KOJHUYCCTBY
HaOmroneHni. Kak BBIATH U3 3TOTO MMOJIOKEHUS?



B pabote [Said, Dickey (1984)] 6pu10 okazano, uro nporecc ARIMA(p, 1, ¢) ¢ HEeU3BECTHEIMU
P ¥ ¢ MOXHO JOCTaTOYHO XOPOIIIO alMPOKCHMHUPOBATh HEKOTOPBIM mporieccoM ARI(p , 1) ¢ p <

AT . D10 maeT BO3MOXKHOCTH OIPaHMYMTHECS B IpaBoi dacTh (# # #) KOHEUYHBIM YHCIOM
3amnas3ablBarolINX Pa3HOCTEN.

6.4. Kpamkut 0630p kpumepuees [Quku — ®ynnepa

ITon kpurepuem [ukum — Dymnepa B AEHCTBUTEIBHOCTH IMOHUMAETCS TPYIIA KPUTEPHUEB,
00BEAMHEHHBIX OHOW WIeel, NPEeUIOKEHHBIX M H3yueHHBIX B paborax [Dickey (1976)], [Fuller
(1976)], [Dickey, Fuller (1979)], [Dickey, Fuller (1981)]. B kpurepusx [Juxku — @ymnepa
poBepsieMoii (HyJIeBOIl) SBIIETCS THIIOTE3a O TOM, UTO MCCIEAYEMBIN P X, IPUHAJICKUT KIIacCy
DS (DS-runoresa); anbrepHaTUBHAasI TUIIOTE3a — UCCIIEAYEMbI psa npuHamiexut kinacey TS (TS-
runote3a). Kpurepuit Jluku — ®Dymrepa dakTudecku mpeArnosaraeT, 4yTo HaOMI0IaeMblid Psif
OIMCHIBAETCSI MOJENIBIO aBTOPErPECCUN NIEPBOTO MOPAIKA (BO3MOXKHO, C IONPABKON Ha JIMHEHHBIN
Tpeun). Kpuruueckue 3HayeHHs 3aBUCAT OT TOTO, KaKas CTaTUCTHYECKAsi MOJENb OLCHUBAETCS U
Kakas BEpOSTHOCTHAs MOJIENb B JCHCTBUTEIBHOCTH MOPOXKAAeT HaOmonaemble 3HaueHus. [lpu
ATOM pacCMaTPHUBAIOTCS CIIEAYIONMNUE TPU Mmapbl Mozenel (SM — ctaTucTudeckas MoJienb, statistical
model; DGP — Mmozxens moposxaeHus naHHbIX, data generating process).

1) Ecnu _pan x, uMeer [eTepMUHMPOBAHHBIA JIMHEWHBIM TpeHA (Hapsay C KOTOPBIM MOKET

UMETh MECTO U CTOXACTUYECKUI TPEHT), TO B TAKOW CUTyaluu OepeTcs napa

SM: Ax, =@ x, ,+a+pPt+s, t=2,...,T,

DGP: Ax, =a+e¢,, t=2,...,T, a#0.

B o0oux cmydasx & — HE3aBHCHMBIC CIy4yailHble BEJIMYHHBI, HUMEIOIIUE OJWHAKOBOE
HOPMaJIbHOE PacIpeieICHUE C HyJIEBBIM MaTEMATUUYECKUM OXKUIaHUEM. .

MeToioM HauMEHBIIMX KBaJpaTOB OLIEHUBAIOTCA MapaMeTpbl JaHHOW SM M BBIUHCISAETCS
3HAUCHUE OOBIYHOM #-CTATUCTUKH ¢, JUId mpoBepku runote3sl Hy : ¢ = 0. IlomydyeHHoe 3HaueHue
CpPaBHUBACTCd C KPUTUYECKHMM YPOBHEM  fi , PACCUMTAHHBIM B MPEANOJIOKEHHH, YTO
HaOMIOJAaeMbId Psii B JAEMCTBUTEIBHOCTU TMOpOXKAaeTcss naHHOW Mmojenbto DGP  (ciyuwaiitHoe
Omyxnanue co cHocoM). DS-rumoreza orsepraercsa, ecam  f, < .4 KpuTuueckue ypoBHH,
COOTBETCTBYIOIME BBIOPAHHBIM YPOBHSIM 3HAYMMOCTH, MOXKHO B3ATh W3 TaOJIUI, TPUBEACHHBIX B
kaurax [Fuller (1976)], [Fuller (1996)], ecnu psin HaGmrogaeTcst Ha MHTEpBaax iauHbl 1 = 25, 50,
100, 250, 500. Ecium komuyectBo HaOmioneHuit 7 apyroe, TO TOrZa MOXKHO BBIYHCIHUTH
NpUOIMKEHHBbIE KPUTUYECKHE 3HAYEHUs, UCHONb3ysd (GOpMyJbl, IpHUBEJIEHHbIE B pabore
[MacKinnon (1991)].

2) Ecau pan x, He WMeeT JAETEPMUHUPOBAHHOTO TpeHAa (HO MOYKET MMETh CTOXACTHYECKHM
TPEH) U UMEET HEHYJIEBOE MaTeMaTHUECKOE OKUAAHUE, TO OepeTcs mnapa




SM: Ax, =px, ,+ta+s,, t=2,.,T,

DGP: Ax, =¢,, t=2,...T.

MeTtogoM HaWMEHBIIMX KBAJIpaTOB OIEHUWBAIOTCSA TMapaMeTpbl JMaHHOW SM u BBIYHCISETCS
3HAYCHUE [-CTATUCTUKU ¢, A npoBepku rumore3bl Hp : ¢ = 0. Ilomyuennoe 3HadeHme
CpPaBHUBAETCSI C KPUTUYECKHUM YPOBHEM Il , PACCUMTAHHBIM B MPEAMNOI0XKEHHH, YTO
HaOMIOAAeMBId psl B JCHCTBUTEIBLHOCTH TOpOXKIaeTcs naHHou wmoxenbto DGP  (ciywaitHoe
Omyxnanue Oe3 cHoca). DS-rumnotesa orsepraercs, eciu  f, < f.qy . KpUTuueckue ypoBHH,
COOTBETCTBYIOIINE BHIOPAHHBIM YPOBHSIM 3HAYUMOCTH, MOKHO B3STh U3 TAOJHII, MPUBEIACHHBIX B
kaurax [Fuller (1976)], [Fuller (1996)], ecnu psig HabmogaeTcst Ha uHTepBaiax LiuHbl 1 = 25, 50,
100, 250, 500. Ecnum konuuectBO HaOmoaeHuit 7 1pyroe, TO TOI/la MOXHO BBIYMCIUTH
npUOIIKEHHBIE KPUTHYECKHE 3HAYEHHUs, UCHOIb3ys (GOpMyIbl, MpPHUBEACHHbIE B padore
[MacKinnon (1991)].

3) Hakonen, ecnu psg x, HE WMeeT ACTEPMUHUPOBAHHOTO TpeHOa (HO MOXKET HMEThb
CTOXaCTUYECKHUI TPEH/) U UMEET HyJIeBOE MaTeMaTUUYECKOe OKHMIaHue, TO OepeTcs mapa

SM: Ax, =¢x,_,+e,, t=2,.,T,

DGP: Ax,=¢,, t=2,...,T.

MerogoM HauMMEHBIIMX KBaJIpaTOB OLEHUBAIOTCSA MapaMeTpbl JaHHOM SM U BbrUMCIAETCS
3HaYCHHUE (-CTaTUCTUKU ¢, Juid mposBepku runoressl Hy : ¢ = 0. IlomydenHoe 3HaucHHe
CPaBHUBAETCSI C KPUTHUYECKHUM YPOBHEM  fri; , PACCUMTAHHBIM B MPEINOJOKEHUH, YTO
HaOJroaeMblil psiZl B JACUCTBUTEIBHOCTH MOpOXKAaeTcss naHHON Monenbio DGP  (ciyuaiinoe
OmyxpaHue Oe3 cHoca). DS-rumore3a oTBepraercs, eciu  f, < loq . KpUTHUECKUE YPOBHHU,
COOTBETCTBYIOIIIME BHIOPAHHBIM YPOBHSIM 3HAYUMOCTH, MOXKHO B3SITh U3 TaOJMHII, MPUBEIACHHBIX B
kuurax [Fuller (1976)], [Fuller (1996)], ecu psin HaOmronaeTcs Ha uHTepBaiax amuHbl 1 = 25, 50,
100, 250, 500. Ecnu konumuectBO HabmogeHwit 7 1gpyroe, TO TOT/Ia MOXHO BBIYHCIUTH
NpHUOJIVKEHHBIE KPUTHYECKUE 3HAYCHUS, UCHOIB3ys (OpPMYIbl, TPHUBEACHHBIE B padoTe
[MacKinnon (1991)].

HempaBuibHblil  BbIOOp OLIEHMBAEMOH CTaTHCTUYECKOM MOJEIM MOXET CYIIECTBEHHO
OoTpa3uThCs Ha MolHocTU Kputepus [Quku — @ymnnepa. Hampumep, ecnu HaOmromaeMblil psin
MIOPOXIAETCSI MOJENBI0  CIYYaiflHOTO ONY’>KJTaHUS CO CHOCOM, a CTaTHCTHYECKHE BBIBOJIBI
MIPOU3BOJISITCS HA OCHOBAHUU PE3YJIbTATOB OLICHUBAHUS CTATUCTUYECKOW MOJeNU 0e3 BKIIOYCHHS B
€e MpaByl YacTh TPEHIOBOM COCTABJISIONICH, TO TOT/JAa MOIIHOCTh KPUTEpHs, OCHOBAaHHAs Ha
CTaTHUCTUKE ¢, , CTPEMHUTCS K HyJIIO C BO3pacTaHMEM KoaudecTBa HaOmoaeHuil (cm. [Perron
(1988)]). C npyroii cTOpOHBI, OICHMBacMasl CTATHUCTUYECKas MOJETb HE JODKHA OBbITh U
M30BITOYHOM, TOCKOJIBKY 3TO TAaKXKE BEAET K YMEHBIIEHHUIO MOIIIHOCTH KPUTEPHSL.

dopmanu3oBaHHas NpoueAypa  MCHojab3oBaHusA  kpurepueB Juku — Dymiepa ¢
MOCJIEIOBATEIbHON MPOBEPKOM BO3MOXKHOCTH PEIYKIIMH CTAaTUCTUYECKOW MOJENH TPUBEIICHA B




pabote [Dolado, Jenkinson, Sosvilla — Rivero (1990)]; cm. Takxke [Enders (1995)]. DTa nporeaypa
OyZeT paccMOTpeHa HUXKe B paszzene 6.6.

Ecin HabromaeMblit psifi OMMCHIBAETCS MOJICIBIO aBTOperpeccun a(L) x, = & 0oJee BEICOKOTO
(HO KOHEYHOT0) Mopsiika p , ypaBHeHHe a(z) =0 umeer He Oosee OAHOTO EAMHUYHOTO KOPHS U HE
UMeeT KOpHEH BHYTPU €IMHUYHOIO Kpyra, TO TOIJla MOXXHO BOCIOJIB30BaThCS PaCIIUPEHHBIM
(augmented) kputepuem uku — @ymiepa. B kaxmoil u3 Tpex pacCMOTPEHHBIX BbIIIE CUTYaLUH
JIOCTaTOYHO JOMOJHUTH MPABbIE YACTH OLIEHUBAEMBIX CTATUCTHUECKUX MOJIEJIEH 3ama3/IbIBatoMMHU

pasnHoctamu Ax;;,j=1, ..., p— 1, Tak 4TO OLIEHUBAIOTCA PACIIMPEHHBIC CTATUCTUYECKAE MOJCIIN
p-1
(1) SM: Ax,=a+fi+ox +) 0,Ax_+¢&,, t=p+l...T,
J=1
p-1
2) SM: Ax,=a+e@x,+) 0,Ax, +&,, t=p+l...T,
Jj=1
p-1
3) SM: Ax,=¢x,+Y 0Ax, +&,, t=p+l..T.

=

[lonyueHHble mNpU OLICHUBAHWU PACIIMPEHHBIX CTATUCTUYECKUX MOJENed 3HAaueHus  I-
CTaTHCTUK ¢, JUId NpoBepku runore3bl Ho : ¢ = 0 cpaBHUBAIOTCSA C TEMH K€ KPUTHYECKHMMHU
3HAYECHUAMH lcrf, YTO U JUISl HEPACHIMPEHHBIX MoJened. DS-runoresa otBepraercs, €Ciu ty, < fepir.

Pacmmpennsiii kpurepuit [Juxku — @Dysuiepa MOXKET NPUMEHATHCS U TOrAA, KOTAa psax  X;
OTIMCBIBACTCS] CMEIIAaHHOW MOJIETIBI0 aBTOPETPECCHH — CKOJIB3SIIEro cpennero. Kak Obuto ykazaHo B
pabote [Said, Dickey (1984)], ecnu psin HabmIOAEHUH X1,..., X7 TIopoxkaaeTcst Mmoaensio ARIMA(p,
1,q) ¢ g>0, To ero MOXXHO aNMPOKCUMHPOBATH MOJCIIBIO ARI(p*, 1) = ARIMA(p*, 1,0O)c p<

AT u IPUMEHSATH Npouenypy Jduku — @ysepa K 3TOH MOJAEIH.

Opnako maxke ecnu psia HAOMIOAEHWH  Xi,..., X7  JIEHCTBUTEIBHO MOPOKIAETCS MOJAEIBIO
aBToperpeccun AR(p) KOHEUHOTO mMOpsiAKa p, TO 3HAYEHHUE p OOBIYHO HE HM3BECTHO, U €ro
MPUXOJIUTCS OLIEHWBATh HA OCHOBAHWU HMMEIOIIUXCS HAOMIOACHUN, a TaKoe MpeABapUTEIbHOE
OLICHMBAHME BJIMSET HA XapaKTEpUCTUKU KpuTepus. [losTomy mpu aHammse AaHHBIX MPUXOAUTCS
CHayaja BBHIOMPATh 3HAYEHUE P =Pmax [IOCTATOUYHO OOJBIINM, TaK YTOOBI OHO OBUIO HE MEHbIIE
UCTUHHOTO TOpSAJKAa po AaBTOPETPECCHOHHOM MOJENH, ONUCHIBAIOIIECH pPsij, WIM IMOpAJIKa p
aNMpPOKCUMUPYIOIIEH aBTOPETPECCUOHHONW MOJIENH, a 3aTeM IBITAThCS MOHU3UTH HCIOJIb3yeMOe
3HAUEHUE p, aNeJuIUPysl K HAOIIOACHUSM.

Takoe MOHMXEHHE MOKET OCYIIECTBISATHCS, HAMPUMEp, MyTEM TMOCIeI0BATENIbHON peayKINH
pacmIMpeHHOW MOJenu 3a CcuYeT MCKIIoUeHUus U3 Hee He3HauuMmblx (Ha 10% ypoBHe)
3amazapiBaonux pasHocted (GS-cTparerus mepexofa OT OOIIErO0 K YacTHOMY) WM IMyTeM
CpaBHEHMs (OLIGHEHHBIX) IOJIHOW M PEIyIHMPOBAHHBIX MOJENEH C PA3NUYHBIMH P < Pmax  T10
nHdopmarmonHomy kputeputo I[lIapua (SIC). B pa6orax [Hall (1994)] u [Ng, Perron (1995)]
MOKA3aHO, YTO €CIU Pmax = Po , TO Toraa B mpenene (mpu 7' — oo) SIC BbIOMpaeT npaBUIIbHBIN



HopsiioK Mozenu, a crparerust GS BbIOMpaeT MOJAENb C p = po ; IPU ATOM (PAKT OmpenereHus
HOpsiIKA MOJENM Ha OCHOBAaHMM MMEIOIUXCA JAHHBIX HE BIMAET HA aCUMITOTHYECKOE
pacnpenenenue ctatucTuku Jukn — @ymiepa. Tabaumbl KpUTHYECKUX 3HAYEHUH I KOHEUHBIX
3HaUYCHUM 1 , yYUTHIBAIOIINE MOPSAAOK MoJienu, mpuBeaeHb! B padote [Cheung, Lay (1995)].

[Ipn npaxkThueckoil peanu3anuu ykazaHHbIX IBYyX noaxonoB (GS um SIC), korma Mbl umeem
JMIIb OTPAHWYEHHOE KOJMYECTBO HAONIOACHMH, 3TH JABE NPOLEAYpbl MOrYyT  IPUBOIUTH K
COBEPILEHHO Pa3JIMYHBIM BBIBOJIAM OTHOCHTEIBHO HEOOXOIMMOTO KOJIMYECTBA 3ama3ibIBaHUNA B
MPaBOM YaCTH CTATUCTUUYECKON MOJIENIH, OIIEHUBAEMOM B paMKaX pacIIMpPeHHOro kpurepus uku —
Oynnepa. Tak, npu aHanM3e AWHAMHKH BajloBoro BHyTpeHHero mnpoaykra (GDP) CHIA mo
roJIOBBIM JaHHBIM Ha niepuojie ¢ 1870 mo 1994 rr. (cm. [Murray, Nelson (2000)]), BBIOpaB pmax = 8,
aBTOPBHI MOJYYHIU HpU UcTonb3oBaHUM GS-cTpateruu 3HaueHue p = 6, rorga kak mo SIC Ob10
BbIOpaHO 3HaueHue p = 1. B nogoOHBIX KOH(IUKTHBIX CHUTyalMAX MOKHO MAJIsi KOHTPOJIS
OpUEHTUPOBATHCS TAK)KE HA JIOCTHIKEHUE HEKOPPEIUPOBAHHOCTH MO LM-KpUTEpUIO OCTATKOB OT
ornieHeHHOW Moxaenu (cM. [Holden, Perman (1994)]). 3ameTum, ogHaKo, 4TO B HEJAaBHEH CTaThe
[Taylor (2000)] aBTOp HpPUXOAMT B BHIBOJAM, OTIMYAIOIIMMCS OT BhIBOAOB Ng u Perron: mpu
KOHEUYHBIX BBIOOpKaX pacuinpeHHble kpurepun [uku — @ysuiepa 04eHb YyBCTBUTENbHBI U K (popme
JETEPMUHUCTCKUX NEPEMEHHBIX M K MPUHATOM CTPYKType 3ama3fblBaHui. JTO, B CBOIO OYEPEb,
BEZIET K OTKJIOHEHUSIM OT HOMUHAJIBHBIX YPOBHEH 3HAUUMOCTH KpuTepues JJuku — Oymnnepa.

6.5. Hekomopsie dpyaue coyemaHusi DGP u SM

PaccmoTpum Tenepsh clieyronuii €CTECTBEHHBIN BOIIPOC: YTO OyAET, €CJIU MBI OIIEHUBAEM
SM: x;=a+ta;x.1t+e,
a IpoIIeCC MOPOXKICHUS JAHHBIX
DGP: x;, =a+x.1+e&, a#0 (cnmyuaiiHoe Oi1y>XKTaHUE CO CHOCOM).
B srom cnywae npu Oonmpmmx ¢ Bo3HHKaromui B DGP nerepmuHupoBaHHBIN TpeHn “3a0uBaet”

t
CTOXaCTUYECKYIO0 COCTABIISIOLLYO Zei , U TIOBEJICHUE TEpEMEHHON X, | B SM moxoxe “B 1emom”
i=1
Ha TIOBEJICHHE JETEPMHUHUPOBAHHOW mepemeHHoW a(t — 1) . Kak pesymbrar — pacmpeneneHus
OLCHOK IJI1 o0 MU a; OKa3bIBAIOTCA aCHUMIITOTUYCCKHW HOPMAJIbHBIMHU,; HO TOT' 14, B HpI/IHI_II/IHC, MOXXHO
ObT0 OBl B KayecTBE MPUOIMKCHHUS HCIOIL30BaTh CTAaHAAPTHYIO TEXHUKY CTaTHUCTHYECKOTO
aHaJlm3a, T.C. HCIIOJb30BATh KpI/ITI/I‘-IeCKI/Ie 3HAYCHUA t-OTHOHleHI/ISI, B34ATBIC U3 TaGJII/II_[
pactipeaenenust CtprogeHta. OmHako ecnmu o # 0 OIM3KO K HYJIIO, TO NMPU KOHEYHBIX T
pacrpenenieHue (-OTHOIIEHUs OJIMKe K paclpelieNieHuto, ykazaHHomy Dynnepom ams cinydas o =
0, yeM K HOpMaJILHOMY pacHpeeICHUIO.

[Ipumep



Hnst cmopenupoBanHoil peanmmszanuu WALK 2 crnywaitHoro Omyxmanust co cHocom 0.2

OLICHUBAHUE CTATUCTUYECKON Momenun SM: x; = o + aj X1 + & JaeT
Dependent Variable: WALK_2
Variable Coefficient Std. Error t-Statistic Prob.

C 0.173019 0.160495 1.078031 0.2865
WALK_2(-1) 0.991851 0.045395 21.84958 0.0000
TaK YTO MHTEPECYIOIIasi HAC f-CTaTUCTHKA MpuHUMaet 3HadueHue ¢ = (0.991851 — 1)/0.045395 = —
0.180 . 5% xpurudeckoe 3HaueHue t-pacrpenenenus CteroneHta ¢ (n — p) = (49 — 2) = 47
CTeNeHsAMH CBOOOIbI paBHO — 1.68, Torma kak 5% xputuyeckoe 3HaueHue no Dymiepy,
npenHazHadeHnoe ans caydas DGP: x;, =x.1+ & (a = 0), paBHO — 2.92, ytO mpuBoauT K Ooisee
PEAKOMY OTBEP>KCHHUIO THITOTE3bI SAMHIUYHOTO KOpHS. Brpouem, runoresza o HAIMIUH €IUHHYHOTO
KOPHSI 3[IECh HE OTBEPraeTcsl MU UCTIOIb30BAaHUH JTFOO0TO U3 ABYX KPUTUYECKUX 3HAUCHHH — 1.68
u —2.92.

OuenuBanue cmoaenupoBaHHoi peanuzauuu ST 2 mpomecca x;, = 0.2 + 0.8 x + &

(cTalmOHAPHBIN MPOLIECC C MATEMAaTUYECKUM OXHAaHueM, paBHbIM 1) npu 7 = 50 naer
Dependent Variable: ST_2
Variable Coefficient Std. Error t-Statistic Prob.

C 0.166899 0.159693 1.045128 0.3013
ST_2(-1) 0.793680 0.091904 8.635959 0.0000

TaK 4TO MHTEpECyIollas HaC f{-CTaTuCTuKa mpuHuMaeT 3HaueHue ¢ = (0.793680 — 1)/0.091904 = —
2.245. Wcnonb30BaHUE KPUTHMUECKOrO 3HAadeHMsT — 1.68 NPUBOAUT K OTBEPKEHHUIO THUIOTE3bI

CAUHUYIHOI'O KOPHS, TOraa KaK HMCIIOJIB30BAHUC KPUTHUYCCKOTO 3HAYCHHUA — 292 mHe acT
BO3MOXHOCTHU OTBCPIrHYTh 3Ty T'HIIOTC3Y.

OTMeTHM elie 0HO BaKHOE 0OCTOSTENBCTBO.

Omnsate paccMoTpuM cMmonenupoBanHyto peanusauuto ST 1 psana psna x; = 0.8 x.1 + & . Eciu
MBI OyJIeM MPOBEPATH JJIS psga X, THIIOTE3y SIUHUYHOTO KOPHS, TO, KaK TENeph SICHO, MOXKEM
HCXOOUTH au00 u3 SM: x;, = a x.1 + & (momo3peBas, uto DGP — mpoctoe ciydaiinoe
omyxxnmanue) mubo uz SM: x;, = a + a; x.1 + & (mogo3pesas, uto DGP — ciyuaitHoe Onyxmanue
CO CHOCOM).

B nepBom ciydae 5% xputuueckoe 3HaueHue t-craTucTuku (mpu 7 = 50) Haxogum 1o
tabnuuam Dynnepa: oHo paBHO — 1.95. Bo BTopoM ciyuae KpuTHYECKHE 3HAYCHUS OTMPEIeIIOTCs

a100 B COOTBETCTBUH C HOPMAIBHON TEOPUEH, TAK YTO fipur = — 1.68 (B IMPETIONOKEHNH, YTO CHOC
— HEHyJeBoM), 1160 no Pymepy — Torna fpur = — 2.92.

OuenuBanue SM B mepBoMm ciyudae naer ¢ = — 2.314. ['unore3a €IWHUYHOTO KOPHSA
OTBEpraercs.

OuenuBanue SM Bo BTOpOM ciyyae gaet ¢ = — 2.298. Ecinu ucXoauTh U3 NpenoioxKeHus, 4To

B DGP cHOC HeHyneBoOH, TO ¢ < tgpur = — 1.68, ¥ TUNOTE3a €AMHUYHOTO KOpHs oTBepraercs. Ecnu



K€ HMCXOIUTh M3 Inpenanonoxenusd, 4ro B DGP choca Her, TO ¢ > fpur = — 2.92, u runoresa
€MHUYHOTO KOPHS HE OTBEPraeTcsl.

Takoil HeOKUIaHHBIA pe3yNbTaT OOBSICHSAETCS TEM, YTO MOMOJIHEHUE CTaTUCTHUECKON MOJENH
(SM) nonosHUTENBEHBIMU perpeccopaMu TpeOyeT UX OLIEHUBAHMSI, YTO CHUKAET, B KOHEUHOM CYETe,
MOILIHOCTh KpuTepusa. llodTomMy ’kenaTenbHO IpPU TNPOBEPKE THIOTE3bl EIUHUYHOTO KOPHS
ouieHuBaTh SM, BeIOMpaemyto “6e3 3amaca”. OHAKO IpU OTCYTCTBUM MH(pOpPMAIMU O TOM, PABEH
HyJt0 cHoc B DGP win HeT, npy OTKJIOHEHUH TUIIOTE3bl €JUHUYHOTO KOPHSI CJIEyEeT ONUPAThCS Ha
KOHCEpBaTUBHOE 3HaueHHe, aaBaemoe Tabmuuamu @ynnepa. MHaue MBI MOXKeM OMIMOOYHO
OTBEprarb 3Ty rumnoresy Ooisiee, ueM B 5% cnydaeB, eciau B JedcTBUTENbHOCTH cHOoc B DGP
OTCYTCTBYET.

6.6. Psidbl ¢ kKBaOpamu4YHbIM MPeHOoM.

Hano paccmotpeTs eliie u citydaii, Koraa 1mo moBeIeHUI0 TPACKTOPUH Psiia MOXKHO MOI03PEBATh
HAJIMYUE Y HETO JICTSPMUHUPOBAHHOTO KBIPATUYHOTO TPEH/A. .

31ech HAIMYHE €IMHCTBCHHOTO SIMHUYHOTO KOPHS MOYKET OCYIIECTBISTBCS yoke B hopMe Tpex
pazmuunbix DGP:

@ x; =x.1te,

©) )y =a+tx1te, a0,

®B) x; =a+pft+x1te, f£0.
[Mocienuuit ciiydaid TapaHTUPYeT HAJIWYUE KBAagpPAaTUIHOTO TPEHNA; B JBYX JPYTHX CIydasx
BO3MO)KHA UMUTAIIMS TAKOTO TPEH]Ia Ha HE 0Y€Hb MPOJOHKUTEIHLHOM MEPHOie HAOTIOACHUN.

Ecii cTpouTh MpOBEPKY THIOTE3bI €IMHUIHOTO KOPHS B paMKaX CTaTUCTHYCCKON MOJICITH

SM: x, =a+pft+aixit+e, f#0,
TO pacrpeiieliecHue {-CTaTUCTHKU mpu runore3e Hp: @) = 1 Oyner pasaudHbIM, B 3aBUCUMOCTH OT
TOT0, KAKMM B JIEUCTBUTENBbHOCTH siBNsgeTcss DGP.

Kax yxe ormeuanoce B pa3n. 6.2, pacnpeneneHUe 53TOH f-CTATUCTUKH OJHO U TO K€ JUIS
ciayyaes (a) u (0), T.e. He 3aBUCHUT OT Toro, a = 0 mwim a # 0.

Ecim DGP umeer dopmy (B) ¢ S # 0, To yka3zaHHas {-CTaTUCTUKA MMEET PacIpeieiicHue,
Onmu3Koe K t-pacmpeneneHuto (TouHee, acumnroruueckn HopmansHoe N(0, 1)). [Ins koneunsix 7T
MOKHO 00patuThes kK Tadbmuiam [Kwiatkowski, Schmidt (1990)].

IIpumep

3 KBazpaTuuHbIil TpeHJ MOXET BO3HUKATh U B MOJENSX C O06YyMA €IUHUYHBIMU KOPHSMU. DTa CUTyalus

paccmaTpuBaeTcs aalee B pasi. 6.8.4.



PaccmoTtpuMm cmonenupoBaHHyro peanuzanuio WALK 3 ciywaiiHoro OimyXJaHUST BOKpPYD
KBaJIpaTUYHOTO TPEH/IA:

DGP: x;, =02+0.1¢+ x.1t& .
B kauecTBe cratuctuueckoit mogenu oepem SM: x, =a + ft + a; x,1 + & ; €€ OIlCHUBaHHUE JaeT
sHayenne a = 0.989 u t=-0.775 . Ucnonb3oBanue t-pacnpenencHusi CThIOJICHTa PUBOIUT K
tipur = — 1.68, Tak 9TO rUIIOTE3a €IMHUYHOTO KOPHS HE OoTBepraercs. Mcnonabp30BaHne KPUTHUECKOTO
3HaueHuss Dyiiepa, coorserctytomee DGP ¢ g = 0, maer fpuwe = — 3.50, Tak uTo rumotesa
€MHUYHOTO KOPHS HE OTBEpraeTcs Tem OoJiee.

[Ipu ananuze cmonenuposanHoi Tpaekropuu ST 4 mpouecca

DGP: x, =0.12+0.13¢+0.01 # + 0.8x.1 + ¢ ,
CTAallMOHAPHOT'O OTHOCHUTEIILHO TOTO K€ CaMOr0 KBaJpaTHYHOTO TpeHaa, monydaeM a = 0.990 u ¢
=—0.577 . 'unore3a eIMHUYHOIO KOPHS HE OTBEPraeTcsl Kak IpHU HUCIOJb30BaHUU PACIpPEEICHUS
CrtpIofIcHTa, TaK ¥ TIPH UCTIOIB30BaHUH TabauI Dyepa.

6.7. MHo208apuaHmHas npouedypa NnPoeepKu 2urnome3bl eOUHUYHO20
KOPHS

Honano u np.( [Dolado, Jenkinson, Sosvilla-Rivero (1990)]) npeanoxxunn MHOTOBapUaHTHYIO
IpoLeaypY HPOBEPKU TUIIOTE3bl EJUHUYHOTO KOpHS C HCIIOJIb30BaHMEM Kputepus Jukum —
@Oynnepa, MOCIENOBATENBHO  HEpeOMpaloOIlyl0  pa3jinyHble  KOMOMHALMKM  OLICHWBaeMOM
craructrueckoi monenu (SM) u mponecca mopoxkaenust ganHsix (DGP). Huwke mMbl 00BsicHIEM
CYTb 3TOW MpOLEAYpPHI, CUUTAs I MPOCTOTHI, YTO PACCMATPUBAEMBII Psii TOPOXKIACTCS MOJEIBIO
AR(1), 66T MOKET, C MONPABKOW HA JIMHEWHBIN TPEHI.

Ha mare 1 npouenyps! lonano oneHuBaeTcs cTaTUCTUYECKAs MOJIENb, JOIMYCKAoLas HaIu4ue
TpEeH1a, CoAeprKalliasi B IpaBO YaCTH ypaBHEHMsI KOHCTAHTY U TPEHOBYIO COCTABIISIOLIYIO:

SM: Ax, =a+pft+ex,_ +s,, t=2,..T,

U TpU HCMOJIB30BAaHMM TaOMUIBl KPUTUYECKUX 3HAUEHUHM Mpenarnojaraercs, 4ro JaHHbIe
MOPOKIAIOTCS MOJIENbIO

DGP: Ax, =a+¢,, t=2,...T.

OTO ecTeCTBEHHas Mapa: pealnu3anus ¢ BUAUMBIM TpeHIOM (cHocoM). Kputepuil nmpuHaanexxHocTu
psana ximaccy DS dopmymupyercst kak kputepuii exmauaHoro kopHs (UR — Unit Root) B
aBTOPETPECCUOHHOM IpeJcTaBleHNH psaa. [IpoBepsemMoil B pamkax [IaHHOM CTaTUCTHYECKOU
Mozenu sBisierca runore3a Hy : ¢ = 0; anprepHaTuBHas runote3a Hay : @ < 0. [lonyuaemoe B
pe3yJibTaTe OLIEHUBAHMs TaKOM PaCIIMPEHHOM MOJAEIM 3Hau€HHE ¢-CTATUCTHKU Kpurepus [luxu -
@ysiepa CpaBHHUBAETCA C KPUTHUECKUM 3HAUYEHUEM, COOTBETCTBYIOLIMM IIPEAINOJOKEHHUIO, YTO
JAHHBIE OPOXKIAIOTCS MOJIENbIO CIIy4alHOrO OJy’KAAaHUS CO CHOCOM. JTO KPUTHYECKOE 3HAUCHHE
He 3aBUCHT OT Toro, oo =0 uimm a # 0.



Eciu runote3a Hy : ¢ = 0 orBepraercs 3TUM KpUTEPUEM, TO TUIOTE3a O HATUYUHU €IUHUYHOTO
KOPHSI TEM CaMbIM OTBEpPraeTcsi OKoH4YaTesbHO. Jleno B Tom, uto ecniu Hy : ¢ = 0 oTBepruyra npu
DGP: Ax;,=a+¢ (c aa=0 wm a#0),
TO OHa TeM OoJjiee OyJeT OTBEpPrHyTa MPU
DGP: Ax, =a+pt+e, f#0,
T.K. B TIOCJIEIHEM CIIy4ae 3HAYEHUE fpyr BBIIIE (MCIIONIB3YETCS HOPMAIbHOE IPUOIHKEHHUE).
Hlar 2.
Ecnu na mare 1 runote3a Hy : ¢ =0 He Oblila OTBEPTHYTA, TO BO3MOXHBI JBE MPUIHHBIL:
e JeHCTBUTENBHO, @ =0 ;
e ¢ #0,nH0runore3a Hp: ¢ =0 He Obuta OTBEpruyTa M3-3a TOro, 4ro ucxoaunu us DGP ¢
S =0, Toraa kak B AeicTBUTENbHOCTH UMen Mecto DGP: Ax; =a+ft+é&, f#0.
B cBs3u ¢ nmocneaHel BO3MOXHOCTBIO, Ha 1Iare 2 Mporu3BOJUTCS MPOBEPKA TUITOTE3bI

H()Z ,B =0
B PaMKax
SM: Ax; =a+ft+ex.+te,
HO C
DGP: Ax, =a+pt+e, f#0.
Kpuruueckne 3HaYeHHs COOTBETCTBYIOINEH /-CTATHCTHKH (73, — B 0003HaYeHMsX Jlukm —

Oynnepa) ykazansl B ctatbe [Dickey, Fuller (1981)]. B cnenyromeit Tabnuue npuseneHsl 5%
KPUTUYECKHE 3HAYCHUs Ui ¢ B Clydae JBYXCTOPDOHHETO KpWUTEpUsS W sl ¢ B Ciydae
OJTHOCTOPOHHETO KPUTEPHSL.

n JByxctopoHHuit | OaHOCTOPOHHUI
KpUTEpUL KpUTEPUI
(mpotus > 0)
25 | 3.25 2.85
50 | 3.18 2.81
100 | 3.14 2.79
250 | 3.12 2.79
500 | 3.11 2.78
o0 3.11 2.78

Ecmu rumoteza Hy: f = 0 3mech He OTBEprHyTa, TO 3TO O3HAYAET YISl HAC, YTO HA TEPBOM IIare
runore3a ¢ = 0 He OblIa OTBEPrHyTa HE H3-3a HCIOJIb30BaHHUS KPUTUYECKUX 3HAYEHU,
cootBeTcTByromux DGP ¢ £ =0.

Ecmm xe rumore3a Hp: f = 0 okazamach OTBEPrHYTOW, TO CJEAyeT MOBTOPUTH IMPOBEPKY
runote3bl @ =0 B paMmKax

SM: Ax; =a+ft+ox.t+e,
HO Y€ ONUpasch Ha

DGP: Ax; =a+ft+e, B#0.




CootBercTBytomasi t-crtaructuka umeer (npu S # 0) acumnrormueckn HOpManbHOoe N(0, 1)
pacnipenenenue. Jlns koHeuHbIX 1 MOXHO oOpartuthesi k Tabmumam [Kwiatkowski, Schmidt
(1990)]. U teneps yxe, ecnu runote3a ¢ = (0 OyaeT OTBEPrHyTa, TO OTBEPIHYTa OKOHYATEIBHO.
Ecinu sxe oHa He OTBEPrHyTa, TO IPUHUMAEM MOJIENb

Ax; =a+pftte, f£0.

Ilar 3
Mpl nonagaeM Ha mwar 3, He OTBEPTHYB I'MIIOTE3y €AMHUYHOTO KOPHS B paMKax CTaTHUCTUYECKOM
MOJIENN

SM: Ax; =a+pt+tex.te.
Bo03MOXHO, 9TO 3TO CBSI3aHO C MOHM)XEHHON MOIIHOCTHIO KPUTEPUEB M3-3a BKIIOYEHUS B MOJENb
JUIITHEH OOBSCHSIONICH IEPEMEHHON £ .

B cBs13u ¢ 3TUM, Ha mare 3 Mbl IEPEXO UM K MOJIEITH

SM: Ax; =a+ @x 1+ &
0e3 TpeH10BOW cocTaBisitolIel U npoBepseM runoresy ¢ = 0 (mpotuB ¢ < 0) B paMkax 3Toil SM.
Kputnueckue 3HaueHUs COOTBETCTBYIOIIEH /{-CTaTUCTUKU OepeM omsth y Dymiepa (cutyauus 2).
Onn IMOJIYYCHBI B MPCATOJIOKCHNUU

DGP: Ax; = ¢ .
W onste, ecnu runoreza Hp: ¢ = 0 oTBepraercs, TO OTBepraercs OKOHYATENBHO (IO TeM XKe
MpUYMHAM, 4TO M Ha mare 1).

Ilar 4
Ecnu na mare 3 rumote3a @ = 0 He oTBepraercs, TO BBIACHSAETCS MPHYACTHOCTH K ITOMY
BKJIIOYeHUSI B SM cHoca o . C 3TOH 1e/bl0 TPOU3BOAMUTCS MpOBEpKa runore3bl o = 0 B pamkax
CTaTHUCTUYECKON MOAEIH

SM: Ax; =a+ @xi1+é&,

HO C
DGP: Ax, =& .
Kputnueckne 3Ha4eHUS COOTBETCTBYIOLIEH f{-CTATUCTUKU (T, — B 00O3HaueHmsaxX Jluxum —

Oymiepa) ykaszanel B ctatbe [Dickey, Fuller (1981)]. B crnenyromeii Tabnune npuBeaeHsl 5%
KPUTUYECCKHE 3HAYCHUs Ui ¢ B Clydae JBYXCTOPOHHETO KPHUTEpUsS W sl ¢ B Ciydae
OJIHOCTOPOHHETO KPUTEPHSI.

n JByxcroponHuii | OgHOCTOPOHHMI
KpUTEpUL KpUTEPUI
(mpotus o > 0)
25 | 2.97 2.61
50 | 2.89 2.56
100 | 2.86 2.54




250 | 2.84 2.53

500 | 2.83 2.52

o0 2.83 2.52

Ecnu npu sTom runore3a o = (0 He OTBepraercsi, To Mbl HE CYUTAEM TOTI'/Ia, YTO HEOTBEPIKEHHE
@ = 0 Ha peapIAyIIeM dTare ObuTo cBs3aHo ¢ onopoit Ha DGP ¢ o = 0.

Ecnu xe runoreza a = 0 okazanmach OTBEPTHYTOW, TO MPOM3BOAMUTCA MOBTOpHAs MPOBEpPKA
runore3bl Hyo: ¢ =0 B pamkax

SM: Ax;, =a+ @x1+é&,
HO C OIIOPOY Ha

DGP: Ax, =a+s& ¢ a#0.
B sTom ciywae ¢-cratuctuka st o = 0 ONATH aCUMOTOTHYECKH HOpPMallbHA, U OMHPAsCh Ha €e
3HauYeHHUE, MBI TN00 oTBepraeM runoresy Hyp: ¢ =0 oxoHUATENBbHO JIMOO MPUHUMAEM MOJCIH
Ax;, =a+ée ¢ a#0.Caeayer TOJIbKO TOMHUTH O TOM, YTO ITPU KOHEUHBIX 7 TpHU 3HAYEHUSX O
, ONMM3KUX K HYJIO, paclpeielieHue 3TON CTAaTUCTUKU OJIMKE K paclpeielieHUI0, YKa3aHHOMY
Oynnepom st citydas o = 0, 4eM K HOpMAJIbHOMY PacTpe/IeICHHIO.

Iar 5
Hakonen, ecnn u Ha mare 4 runote3a Hp: ¢ = 0 He Obla OTBEprHyTa, OCTAETCS MOCTEIHAS
BO3MOXHOCTb CJI€JIaTh 3TO B PAMKax CTaTUCTHYECKOM MOJEIN
SM: Ax; =@xi1+é .
Kputnueckue 3nauenus f-cratuctuku s Ho: ¢ = 0 Haxomarcs mo tabnunam Dynepa (ciydaid
1). U Teneps yxe, Kaka0€ U3 ABYX BO3MOXKHBIX PEIICHUN — OKOHYATEIHHOE :

Ho: ¢ =0 otBepraercs = EXUHHYHOTO KOPHS HET;

Ho: ¢ =0 ne otBepraercs = Ax; =¢ . (Tounee, Ax; =01 Ax,+ ...+ 0 1 Axy_pri &)

3ameyaHue

ITocTpoeHHBI QJITOPUTM OTHIOAL HE JIMIIEH HEAOCTaTKOB. IloMHMMO TOro, 4To 31€Ch HE
KOHTPOJIUPYETCS] YPOBEHb 3HAYMMOCTHU KPUTEPHUS MPOBEPKH THUIOTE3bl E€AMHUYHOIO KOpPHS,
BO3HUKAIOT CIIO)KHOCTH M C MHTEPIpETAlMedl pe3ybTaToB, 4To OyJeT BUIHO U3 IMOCISAYIOIINX
MIPUMEPOB.

[Ipouenypy Homano u Ap. MOXHO MpPEICTaBUTh CXEMAaTHYECKH B BHJIE JiepeBa pELICHHH,
MPUBEIEHHOTO HUXKE.
B npencraBneHHol cxeme MoJieNy IepeHyMEpOBaHbI CIEAYIOIINUM 00pa3oM.

p-1
e Mogensl: Ax,=a+pft+ex,, +29ij,_j + ¢,
j=1



p-1
e Monens2: Ax,=a+¢x,, ("' ZQ;A’CHJ* &

=

p-1
e Mogeins 3: Ax,:a(+ZGij,_jj+gt

j=1
“Dolado.doc.”

[TpuBeneM Tenepsb MpuUMep UCHOIB30BaHUS Mpoueaypsl Jomano u ap.

ITpumep
OOpatuMcsi K JaHHBIM O COBOKYITHOM TOJI0BOM pacmnojaraemMom jgoxozae B CIIA 3a mepuon ¢

1959 mo 1985 roas! (B Mipa goiiapoB, B ieHax 1982 r.). ['paduk sToro psima umeet Bua
2800

2400

2000 4

1600

1200 4

800

60 62 64 66 68 70 72 74 76 78 80 82 84
HpI/IHI/IMa}I BO BHUMAHHEC BCC MU3JIOKCHHOC paHEC, 31€Chb OUCBHUIHA HeO6XOI[I/IMOCTB pa3INnYCHHUA
MOAOcIn CﬂyqaﬁHOFO 6Hy>K,HaHI/I7I CO CHOCOM M IIponecca, CTAaMOHAPHOI'O0 OTHOCHTCIBHO
nuHelnoro tpenaa. Ilocnenyem npouenype Jonamo u ap.

Ilar 1
OreHNBaEM CTaTUCTUICCKYIO MOJICITh
SM: Ax;, =a+pft+ox, 1+6) Axp+ ...+ (91,,1 Axt,pﬂ +é& .
CpaBuenue mo kpurepuio IlIBapma yka3piBaeT B TIONb3y HCKIIOYEHUS U3 TPaBOW 4YacTH
3ara3/IbIBaloIINX Pa3HOCTEH, TaK YTO OCTAHABIMBAEMCS HA MOJIEIIH
SM: Ax;, =a+ft+ex.+e.
Ouenennast moaens (7= 26):
Ax; =461.338 +25.857¢—0.448 x,.1 + e/
{-craTHCTUKA A1 poBepku runore3sl Hy: ¢ =0 paBHa ¢, = —2.640. Kpuruueckoe (5%) 3HaueHue
BBIOMpAETCS MPHU
DGP: Ax, =a+teg , a£0,



U PaBHO tpur = — 3.59 (s T = 26). Habmogaemoe 3HaueHUe ¢, OOmblIe fqur "2 [unoresa
€IMHUYHOTO KOPHS HE OTBEpPraercsl.

Ilar 2
CraTtuctudeckas MoJielb Ta ke, Ho B kauecTBe DGP paccmatpuBaetcs
DGP: Ax, =a+pft+e.
[TpoBepsiemas runoresa
H()Z ,B =0.
Craructuka kpurepust 13, = 2.680. Kpurnueckoe (5%) 3Hauenue ognoctopoHHero kpurepust (Ha:
S > 0) paBuo 2.85 =» rumore3a Hy: f = 0 He oTBepraercs.

Hlar 3
OuennBaeM MOIEIb

SM: Ax; =a+ @xtée
B kauectBe DGP paccmatpuBaercs

DGP: Ax, =E&.
ITIpoBepsercs runoreza Hp: @ = 0. Ouenennas moxaenb: Ax;, = 47.069 + 0.00522 x,.1 + e ; t-
cratuctuka t, = 0.335. Kpurnueckoe (5%) 3HaueHue tpur = — 2.98 = rumnoresa eIMHUYHOTO

KOpHs HE OTBEPracTcH.

IIlar 4
SM: Ax; =a+ @x.1+é& , DGP: Ax; =& , Ho: a =0. Ouenennas mogenb: Ax; = 47.069 +
0.00522 x; 1+ e; ; t-cratucTHKa f = 1.682 < fipyr = 2.61 =» T'mmotesa Hy: a = 0 He oTBepraercs.

Ilar 5

SM: Ax; = @x,1+é&, DGP: Ax; =&, Ho: ¢=0. Ouenennas mogens: Ax, = 0.03070 x,_; + ¢
; t-cratuctuka t, = 7.987 > tpur = — 1.95 =» T'mmotesza Hp: ¢ = 0 He orBepraercs. =>
OKoHYaTeIbHAsI MOJIEb:

Xt =X T &.

HuTepnperanus

Ecin Mbl  coryamaemMcss ¢ HECOMHEHHOW TEHIEHLIMEW BO3pacTaHHsi COBOKYITHOTO
pacrioylaraeMoro J10xojia ¢ Te4eHreM BpeMeHu (1o kpaiineit mepe, B CLLIA), To NpuHATYI0 HAMH Ha
MOCJIEIHEM 1Iare MOJENb BPAJ JIM MOXHO CUMTAaTh YJOBJIETBOPUTEIBHOMU: Cly4yaliHOE OlyXaaHue
6e3 cHOCca JOJKHO CO BpeMEHEM OOHapy HUTh YObIBaHUE 3HAUEHUH psiza.

Bo3MoskHas mpuunHa 3TOr0 — HEOTKIOHEeHUe runote3sl Ho: f = 0 Ha mare 2. (3ameTum, 4T0
TaM pa3HULA MEX]y HAaONIOAaeMbIM U KPUTHUECKUM 3HAUYEHUSIMH /-CTaTUCTUKM Obla JOBOJIHO
HeOonpmon: 75 = 2.680, tpur = 2.85.) Eciim BO3BpaTHTHCS K HIary 2 M U3MEHUTh PELICHHE B



MoJNIb3y OTKIOHEeHHs Tumote3bl Hp: f = 0 , tak uro torma pf # 0, To rumoreza Hp: ¢ = 0
MIPOBEPSICTCS B paMKax Mapbl

SM: Ax;, =a+pt+ex.1+te, DGP: Ax, =a+pft+e, f#0.
B TakoMm ciy4ae cTaTHCTHKA f, MMeET acuMNnToTndecku HopMmanbsHoe N(0, 1) pacnpenenenue, 5%

KPUTHUYECKOE 3HAUEHHE OJHOCTOPOHHETO KPUTEPUs MPUOIMKEHHO PABHO fipur = — 1.645. Y Hac xe
HaOmogaemoe 3HadeHue f, = — 2.640 (cM. mar 1), Tak 4YTO TUNOTE3a E€JUHUYHOIO KOPHS
OTBEpraercs, ¥ Mbl MIMEEM TOT/Ia JIeJIO C TPOIECCOM, CTAIlMOHAPHBIM OTHOCHTENIBLHO JIMHEWHOTO
TpeHpa:

Ax; =461.338 +25.857¢t—-0.448 x,.1 + & .

6.8. O630p HekomopbIx Apyaux rnpouyedyp

6.8.1. Kpurepuii @unnunca — I[leppona

Ortor KpuTepuid, mpemioxeHHelii B paborte [Phillips, Perron (1988)], cBoaut mnpoBepky
TUIIOTE3bl O MPUHAMIEKHOCTU psiga X, kiaccy DS k mposepke rumore3sl Hp : ¢ = 0 B pamkax
CTaTUCTUYECKOU MOJIEIIH

SM: Ax,=a+pt+eox, +u, , t=2,..,T,

rne, kak u B kputepun [uxu — Dyiepa, mapamMeTpsl @ #u f MOTYT OBITh B3SITHI paBHBIMH HYIIIO.
OpnHako, B omnune oT kputepust uku — @yniepa, ciydyailHble COCTAaBISIONIME U; C HYJIEBBIMU
MaTeMaTHYECKUMHU OXXHIAHUSIMHA MOTYT OBITh aBTOKOPPEIUPOBAHHBIMHU (C JOCTaTOYHO OBICTPHIM
yOBIBaHHEM aBTOKOPPEIISIIHOHHOM byHKIUH), UMETh pa3uaHbIC JMCTICPCHH
(reTepocKkeacTUYHOCTh) W HE 00s3aTeIbHO HOpPMaJIbHbIE paclpeneneHus (HO Takue, 4YTo

5
E‘ut‘ < C <o g HekoToporo O > 2). Tem cambiM, B oTauuue ot Kpurepus duku — Oymnepa, K

PaccMOTPEHMIO JIOITyCcKaeTcsl Ooiee IMUPOKUI KJIacC BPEMEHHBIX PSJIOB.

Kpurepuniit ®@unnunca — [leppoHa 0OCHOBBIBa€TCS Ha #-CTAaTUCTUKE JUIsl MPOBEPKH runore3sl Ho :
¢ =0 B paMKax yKa3aHHOMW CTaTUCTUYECKON MOJEIIU, HO UCIIOJIb3YET BapHAHT 3TOW CTAaTUCTUKH Z;,
CKOPPEKTUPOBAHHBIN Ha BO3MOKHYIO aBTOKOPPEIMPOBAHHOCTh M FE€TEPOCKEAACTUYHOCTD PAla U; .
[Ipy BBIYMCICHUM CTATUCTHUKU Z; TPUXOJIUTCS OIEHUBATH TaK HA3bIBAEMYIO “00.1208pemeHHyI0”
(“long-run”) oucnepcuio psiga u;, KOTOpasi ONPEAEISIETCS KaKk

AP =1im T E(u, +...+u, ).

T—oow

Ecmi u; — ocraTrkd OT OICHEHHOW (METOJOM HAMMEHBIINX KBaJPaTOB) CTATHCTHYECKOM

2 sk
mMoaenu Ax, =@ x, , +oa+[t+u t=2,...,T, To B KadecTBE OLICHKU (ﬁ, ) i A> MOXKHO

t 2

B3sTh O1IcHKY [Newey, West (1987)]
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j-s BBIOOpOYHAsi aBTOKOBapuamus psna u,. Ecnuu [ u T cTpemsaTcs K OECKOHEYHOCTH, HO TaK,

4TO (Z/T v 4)—)0, TO TOrJa (/12)* — cocTosTeNbHas OleHKa i A (cm. [Phillips (1987)]) u
ACUMNTOTUYECKUE PACHPENEICHUS] CTATUCTHKU Z COBMANAIOT C COOTBETCTBYIOIIUMU
ACUMITOTUYECKUMH PACIPEICIICHUAMU CTATUCTUKU [, B Kpurepuu [Juxku — Dysuiepa. IlockoabKy
peaNbHO MBI UMEEM JIMIIb KOHEYHOE KOJMYECTBO HAOIIOJCHUN, BCTaeT BOIPOC O BHIOOpE
KOJIMYECTBA HUCIOJIb3yeMbIX JlaroB [ B oreHke Newey — West (mapamerp / Ha3bIBalOT “uiupuHo
okHa” — window size). ITOT BOIIPOC JOCTATOYHO BaXKEH, T.K. HEJIOCTATOYas IIMPHUHA OKHA BEACT K
OTKJIOHEHMSIM OT HOMHMHAQJIBHOIO pa3Mepa Kpurepusi (ypoBHs 3HauuMMmocTu). B To ke Bpewms,
yBEJIMUYEHUE MIUPUHBI OKHA IS U30eXaHUs OTKIOHEHUH OT HOMHHAJIBHOTO pa3Mepa KpUTepus
BEJIET K MaJCHUIO MOIIHOCTH KpuTepus. Takum oOpa3oM, BHIOOP KaKOW-TO KOHKPETHOW IIMPUHBI
OKHa SIBJISIETCS KOMIIPOMUCCOM MEKIY JBYMs 3TUMU MPOTHUBOIMOIOKHBIMU TEHACHLIUSIMHU.

Lenblif psa WccleOBaHUM B STOM HampaBlieHHHM (CIOJa OTHOCSTCS, Hampumep, paboThI
[Phillips, Perron (1988)], [Schwert (1989)]) He mpuBen k KakoMy-THO0 TPOCTOMY IPABHITY BEIOOpA
3HaueHus /.

YacTo mpu BEIOOpE 3TOTO MapaMeTpa Moib3yloTest pekomeHaanusamu [Schwert (1989)], monaras
[ = [Kx(T/ 100)1/4], rae [a] — memas 4acTh 4Mcia @, a 3Ha4eHHe K TojlaraeTcsi paBHBIM 4 IS
KBapTAJbHBIX WM PaBHBIM 12 1 MecAayHbIX JaHHBIX. Jlpyroe mpaBujo BbIOOpa 3HadyeHus /
peaym3oBaHHOE, B yacTHOCTH, B makeTre EVIEWS, coctout B BeiOOpe 3HaueHwms [ = [4x(7/ 100)2/ ’]
([Newey, West (1994)]). HekoTopsie aBTOpBI peKOMEHAYIOT HE OMUPATHCS TOJIBKO JHUIIb HA JUIUHY
psina, a yYuThIBaTh MPHU BbIOOpE / KOJIMYECTBO 3HAUMMBIX aBTOKOPPENIALUN psija.

Kputnueckue 3HaueHus Uis CTaTUCTHKU Z, OepyTcs u3 Tex xe Tabnui [Fuller (1976)] wnum
BBIUUCIISIOTCS 110 popmynam [MacKinnon(1991)].

3aMeTuM TakKe, 4TO eCcliu psii X, mpenactasisiercsa moaensio IMA(L, g), To Toraa 3To 3HaYeHHE
¢ ¥ CIeyeT UCTOIb30BaTh B KauecTBe napamerpa / B omneHke Newey-West. Ecnu nipu atom g = 1,

TaK 4To0 Ax, =¢ ,+ b, ,, 10 npu by > 0 xpurepuit Gunnunca-Ileppona nmeer 6osee BHICOKYIO

MOIIHOCTb, 4YeM Kputepuil Juku — @Dymnepa, IpU OJHOBPEMEHHOM YMEHbBIIEHHM BEPOSITHOCTU
omnOKu nepsoro poga. B To xe Bpems, npu b; < 0 BbIcOKash MOUIHOCTh KpuTepus Puurnca-
[leppona mocturaercst 3a c4eT 3HAUUTENILHOTO BO3pAacTaHMs OMIMOKU MEPBOro poja, TaKk 4TO 3TOT
KPUTEpHA HE pPEKOMEHIyeTcss mpuMeHSATh nmpu b; < 0 (oH OyJeT CIMIIKOM YacTo OHIMOOYHO
OTBEpraTh rUIOTE3Y O MPUHAIIEKHOCTHU paja kiaccy DS).

IIpumep



B paccmorpennom panee npumepe ¢ GNP onennBanue moaenu
A, =a+ft+ex+600 Axp 1+
MIPUBEJIO K CIIEAYIOUIEMY pe3yibTaTy (cM. pasf. 6.3):

ADF Test Statistic -4.117782 1% Critical Value* -4.1219
5% Critical Value -3.4875
_ 10% Critical Value -3.1718

['unore3a eAMHUYHOTO KOPHS OTBEPraeTcs: 3HAYEHHE {-CTAaTUCTHKU JJIs IPOBEpKuU runote3sl Hoy: ¢
= (0 oxa3zpIBaeTcsl HUXe 5% KPUTHUUECKOTO 3HAUEHHUS, BBIYUCIEHHOTO 10 Gopmysie MakKMHHOHA, U
65u3K0 K 1% KpUTHYECKOMY 3HAYEHHUIO.

B 10 xe Bpemsi, ecinu B34Th epBOHAYAIbHO AR MOZIENb C P max = 5, TO mosTyvaem:
ADF Test Statistic -2.873575 1% Critical Value* -4.1314
5% Critical Value -3.4919
10% Critical Value -3.1744

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(X)

Variable Coefficient Std. Error t-Statistic Prob.

X(-1) -0.266169 0.092626 -2.873575 0.0060
D(X(-1)) 0.546230 0.133521 4.090958 0.0002
D(X(-2)) 0.183918 0.149711 1.228486 0.2253
D(X(-3)) -0.020254 0.152201 -0.133077 0.8947
D(X(-4)) -0.058683 0.148061 -0.396345 0.6936
C 59.45556 19.32396 3.076779 0.0035

@TREND(1947:1) 1.397409 0.482120 2.898469 0.0056

[Tockonbky 3aech ¢ =—2.873575 > —3.1744, To TunoTe3a eAMHUIHOTO KOPHS HE OTBEPracTcs Jaxe
npu BbiOOpe 10% ypoBHe 3HAUMMOCTH. B TO ke BpeMs, CTaTUCTUYECKH HE3HAYUMBIMU
OKa3bIBAIOTCS KOA(PGUIIMEHTHI TIPH TPEX MOCIEIHUX 3ala3/IbIBAIOIINX PAa3HOCTIX. P-3HaueHue F-
CTAaTHCTUKH KPUTEPHUS A THUIOTE3bl O 3aHyJeHHH 3TuX Tpex KoddduuuentoB paBuo 0.44.
[TosToMy MOXKHO 000HTHCE O€3 TpeX MOCIEIHUX 3ama3AbIBAIOIINX PA3HOCTEH, a TAKyI0 MOJEIb MbI
TOJIKO 4YTO paccMaTpHUBaJM, U B HEW TMIIOTE3a €AMHUYHOTO KOPHs Obllla OTBEPrHYTA.

ITocMoTpuM, 4TO nmaer 3xech npuMeHeHue kpurepus Pwummnca — Ileppona. Mcnons3oBanue
pexomenmanuu [Newey, West (1994)] o BeiOOpy mmpuHBI OKHA fnaeT 3HadeHue [ = [4x(7/ 100)2/ ’]
= 3 ; B pe3yJbTaTe NoayyaeMm

PP Test Statistic -2.871178 1% Critical Value* -4.1190
5% Critical Value -3.4862
10% Critical Value -3.1711

Lag truncation for Bartlett kernel: 3 ( Newey-West suggests: 3 )
Residual variance with no correction 29.28903
Residual variance with correction 54.87482




Phillips-Perron Test Equation

Dependent Variable: D(GNP)

Method: Least Squares

Sample(adjusted): 1947:2 1961:4

Included observations: 59 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob.
GNP(-1) -0.153024 0.072723 -2.104212 0.0399
C 38.33211 15.97824 2.399020 0.0198

@TREND(1947:1)  0.806326  0.378145 2.132322 0.0374

CraTtucTudeckue BbIBOJbI, MOJTY4YEHHBbIE MPU NpUMEHEeHUH Kputepus IleppoHa ¢ mupuHON OKHA,
BBIOpaHHOW B COOTBETCTBMM C pekoMeHmauusimMu [Newey, West (1994)], mpOTHBOIOIOKHBI
BBIBOZAM, IIOJY4YEHHBIM IIpU TNPUMEHEHUHU pacliupeHHoro kpurepus Juku — Pymiepa ¢
BKJIIOUEHUEM B MPABYIO YacTh OJHOM 3ama3/blBaloOIIEl Pa3HOCTH.

IIpumep
CpaBHUM pe3yJbTaThl TpUMEHEeHUs1 KputepueB [uku — @ymnepa u @ununca — [leppona Ha

peammzanmsax ST 1, ST 2, ST 3: mana ST 1u ST 2 — B nape

DGP: x;= x.1té&, SM: x;=a+ayx.1t&;
s ST 3 — B nmape

DGP: x; =a+x.1+& (mam DGP: x;, = x. 1+ &),

SM: x;,=a+pfttarxt+é&.
st cTaTUCTUK TUX KpuUTepueB ucnonbzyeM odo3HadeHuss DF u PP(/), coorBercTBeHHO, TAe /[ —
HIMPUHA OKHA, HCIIOJIb3yeMas TPU NocTpoeHuu craructuku dummumrca — [leppona u Beibupaemas B
COOTBETCTBUU ¢ pekomeHaanusamu [Newey, West (1994)].

n =50 n =100
ST 1 DF = —2.298 > tpuri0v% = —2.60, DF = —3.238 < tipurs = —2.89,
PP(3) =—-2.394 > tipurion, = —2.60, PP(4) =—-3.399 < tpursy = —2.89,
TUIO0TE3a €AMHUYHOTO KOPHS TUNO0TEe3a EAUHUYHOTO KOPHS
He oTBepraercs Ha 10% ypoBHe oTBepraercs Ha 5% ypoBHE
ST 2 DF = —2.387 > tpuri0% = —2.60, DF =—3.217 < tipurs = —2.89,
PP(3) =—2.322 > tipurion = —2.60, PP(4) = —3.364 < tipursy = —2.89,
TUIIOTE3a €AMHUYHOTO KOPHS TUIIOTE3a EMHUYHOTIO KOPHS
He oTBepraercs Ha 10% ypoBHe oTBepraercs Ha 5% ypoBHE
ST_3 | DF = —2.687 > tipuriow = — 3.18, DF =—3.207 < tpurion = —3.15,
PP(3) =_-2755> Txpur10% = — 3.18, PP(4) = —-3.368< Lxpur10% = -3.15,
TUIIOTE3a €AMHUYHOTO KOPHS TUIIOTE3a EMHUYHOTO KOPHS
He oTBepraercs Ha 10% ypoBHe orBepraercsa Ha 10% ypoBHe



Cratuctrueckue BbIBOJbI, TOJyUYeHHbIE ¢ MpuMeHeHueM ctatuctuk DF u PP, 3neck coBnanarot
U YKa3bIBalOT Ha BO3pAaCTaHWE MOLIHOCTH KPUTEPHEB MTPH YBEIMUYEHUH KOJIMUYECTBA HAOIIOACHUH.

6.8.2. Kpurepuii JleiitbypHa

B pa6ote [Leybourne (1995)] npemiaraetcst BEIYUCIATh 3HAYCHUS CTATUCTHKU KpuTepus JIuku
— Oynnepa DF qns ucxogHoro psga x; W ANs psaa, MOTyd4aeMOro M3 MCXOAHOTO OOpalleHHeM
BpPEMEHH, M 3aT€M B35Th MakCUMyM DFn.« W3 AByX moiydeHHbIX 3HaueHWid. JIeiOypH u3yumi
ACUMNTOTHUYECKOE paclpeleieHne CTaTUCTUKH DFp,x ¥ MOCTpoMN TaONHIBl KPUTHYECKUX
3Hauenuit npu T = 25, 50, 100, 200, 400 nns moneneit ¢ (MMHEHHBIM) TpeHAOM U 0€3 TpeHna.
Tabmuipl MOMy4YeHBI MOACTUPOBAHHMEM B MPEANONOKEHUH HE3aBUCHMOCTH W OAMHAKOBOMH
pacnpeneieHHOCTH OomuOoK (MHHOBamwmii). OJHAKO aBTOpP YTBEPXKIACT, YTO HMMH MOXHO
MOJIb30BaThCA M B paMKax paclIUpeHHOro BapuaHTa kputepus [Quku — @Dymnepa. Kputepuit
JleitOypHa o0nazaeT HECKOJIbKO OOJbIleld MOIIHOCTBIO MO CpPAaBHEHUIO C KpuTepueM Jluku —
ODymiepa.

IIpumep
[Ipn ananuze craumonapHoro psaa ST 3 mo 100 HaGmropeHHAM Mbl MOJNYYMJIM 3HAYEHUE
cratuctuku JJuku — @ymnepa DF = —3.207 . lnsa oOpalieHHOro psijia 3HaYeHUE CTaTUCTUKU JluKku

— @ynnepa paBHo — 3.352. MakcuMyM M3 3TUX ABYX 3HaueHuil, paBHblii — 3.207, ocTtaeTcs BbllIe
5% xputudeckoro ypoBHs —3.45, paccumtbiBaeMoro mno Ttabmuuam @ymnepa. OxpnHako 5%
KPUTHYCCKHIA YPOBEHB JUII MaKCUMyMa TPHOIM3UTENbHO paBeH (1o JlelOypuy) — 3.15, u aTo gaer
BO3MOXHOCTb OTBEPIHYTh FMIIOTE3Y €AMHUYHOr0 KOopHs 1 paga ST 3 yxe Ha 5% ypoBHe.

6.8.3. Kpurepuii llImuara — @unnunca.

B pa6ore [Schmidt, Phillips (1992)] aBTops! cTposaT Kputepuid aas npoBepkH rumnotesst DS (B
¢dopme runoTe3sl eIMHUYHOTO KOPHS) B paMKaxX MOJIEIN

X, =y+&t+w,

rae
w=p8w_,+&,, t=2,..T.

OT10 ynoOHO TeM, 4To 37ech B MoOoM ciaydae (f = 1 umu B # 1) mapamerp Y mpeacTaBiseT
YpOBEHb, a mapaMeTp & mpenacTasisieT TpeHa. [Ipu 3ToMm pacnpeneneHus CTaTUCTUK KPUTEpUS U
npu HyseBoi (DS) u mpu anprepratuBHOM (TS) runore3ax He 3aBUCAT OT MEMIAIOIIUX MTapaMETPOB
W, & M 0. ACHMIITOTUYECKUE PACTIPEIeTICHHS BBIBOJSATCS MPHU TEX KeE YCIOBUSIX, UTO U B KPUTEPHUH
Oumunca — [leppona, u npu mmpuHe okHa [ opsaka 7' 12 Bmecro nmHeitHOro TpEeHAAa B MOJEIH
MOKHO HCIONIb30BaTh M TMOJWHOMHUAJBHBIA TpeHA. boliee monHOe omMcaHWe 3TOr0 KpUTEpHs U
TaOJIMIly KPUTHUYECKUX 3HAYCHHWA MOXHO HaiiTm B [Maddala, Kim (1998), ctp.85]. 3mecy MbI
OTPAaHUYUMCS TOJIBKO PACCMOTPEHUEM MPUMEPA €TI0 MPUMEHEHUS.



IIpumep
Onsatre oOpamasice k aHamm3y psga ST 3 mo 100 nHaOmomeHWsM, HAXOIUM 3HAYCHUE

cratucTuku kputepus IlImunra — @wmunca: — 3.12. B 1o xe Bpems, 5% KpUTHYECKOE 3HAUYECHHE
paBHO — 3.06. DTO HaeT BO3MOXXHOCTh OTBEPTHYTh THIIOTE3Y €AMHUYHOTO KOpHS Ha 5% ypoBHe.

6.8.4. Kpurepuiit DF-GLS

DTOT KpUTEpHUH, aCUMITOTHYECKH OoJjiee MONIHBINA, yeM Kputepuit Huku — Dynnepa, Obu
npemiokeH B pabore [Elliott, Rothenberg, Stock (1996)]. Kpurepuit DF-GLS mnposepsier (cm.
[Maddala, Kim (1998)]) HyneByto rumoresy ao= 0 B Moaenu

Ayd,Z ao ydt,1+a1Aydt,1+---+ apAydt,ererror,
rae ) - “IOKaNbHO AeTPEeHNPOBAHHBIL psi (TOAPOGHOCTH CM. B IIUTHPOBAHHON paboTe).

IIpumep
[Iponokast mpeapl Iy npuMep, Boluncigem ctatuctuky kpurepuss DF-GLS. Ee 3nauenue

paBHO — 3.246, yto MeHblIe 5% KPUTHUECKOTO YpoBHS — 2.89. I'mnore3a €IMHUYHOIO KOpPHS
oTBepraerca Ha 5% ypoBHe, mpuueM Oojiee yYBepeHHO, YeM B ciyuasx kpurepueB JleiiOypHa u
Imunra-dunnurca.

6.8.5. Kpurepuii KsitkoBckoro — @unnunca — [lImuara — [Muna (KPSS)

DTOT KpuTepuil, npemioxkeHnbiii B padore [Kwiatkowski, Phillips, Schmidt, Shin (1992)], B
KayecTBe HyJeBoi Oeper runore3y TS. PaccMoTpeHue BeaeTcst B paMKax MOJIENIN

Psn = JlerepmunupoBanssiii Tpesa + Croxactudeckuit TpeH + CtarmoHapHas OImoKa.
CroxacTW4yecKHii TpEHJ TPEACTABIACTCS CIydyallHBIM ONyXXJaHUeM, W HyJeBas TUIOoTe3a
npeanonaraeT, 4To AMCIEPCUs MHHOBALMK, MOPOXKIAIOIIMX 3TO ClydailHoe Omy»KIaHHe, paBHa
HYJII0. AJIbTEpHaTHBHAsI TMIIOTE3a COOTBETCTBYET IPEAINOJIOKEHHIO O TOM, YTO ATa JUCIEpPCUs
OTJIMYHA OT HYyJS, TaK 4TO AaHAJIU3UPYEMbIM psa NpUHAUIEKUT kinaccy DS pspoB. B Ttakoit
(bopMyIMpOBKe MpPEUIOKEHHBINH KpuTepuil sBisercs LM kpurepueM sl MPOBEPKH yKa3zaHHOH
HYJIEBOU TMIIOTE3BI.

Kak u B kpurepun @unnunca-Ileppona, TpeboBanus Ha OMMOKH 3/1€Ch MEHEE CTPOTHE, YeM B
kputepun Juku - ®@ymnepa. OnHako NMpu NPUMEHEHUM JAHHOTO KPUTEPHUsSl BO3HMKAET IpodiieMa
BbIOOpa IIMpPHUHBI OKHA [ B oueHke Newey-West, IOCKOJIbKY 3HAUEHUSI CTATUCTHKH KPUTEpHUs
JIOBOJIHO YYBCTBHUTENbHBI K 3HaueHHIO /. CaMu aBTOpbl B LIUTUPYEMOM CTaThe paccMaTpUBaIOT
BapUaHThl BHIOOpa LIMPUHBI OKHA, cieaytomue pekomenaanusam LBepra (M. [Schwert (1989)]).

[Moxppobuoe omumcanue kputepuss KPSS MoxHO HalTH BMecTe ¢ TaOMUICH KPUTHYECKUX
3HaueHuit B [Maddala, Kim (1998), ctp.120-122].

IIpumep



[Ipu ananuze psna ST 3 mo 100 HaGmroaeHusaM 3HaueHue cratuctuku kpurepust KPSSc /=3
paBHo 0.157. B paMkax 3Toro KpuTepus HyJeBas TMIIOTe3a O TOM, YTO MbI MMeeM zieio ¢ TS psiom,
OTBEpraercs, €ciiu HaOlI0aeMOe 3HAYEHUE CTAaTUCTUKM KpPUTEpUsS HOPEBLIIAET KPUTHUYECKUUN
ypoBeHb. [lo Tabmuiam, npeaycMaTpHBAIOIMM HajlM4yue JMHEHHOro TpeHnaa, Haxoaum: 5%
KpuTHueckuil ypoBeHb paBeH 0.146, tak urto TS rumoresa oTBepraercs B mosibdy DS rumortessl.
Takolf BBIBOA NPOTHBOPEYUT CTATUCTHYECKUM BBIBOJAM, IOJYYEHHBIM IpU HPUMEHEHUU
kputepueB Jleitbypna, [Imuara-Ounmunca u DF-GLS, wu wumoctpupyer TpyAHOCTH C
pasnuyenueM TS u DS psaoB, UMEIONIMX MOX0XKHE pealn3aluy.

6.8.6. I1pouenypa KoxpeiiHa (OTHOLIEHNE OAUCIIEPCUIA)
Ora mporeaypa, npemioxkenHas B pabore [Cochrane (1998)], ocHOBbIBacTCS Ha H3YUYCHHH
XapakTepa MOBeCHUS OTHOIICHUS AUCTIEPCH
V,
VR, = —k
4

(VR — variance ratio), rme

1
Vk :;D(xt _xt—k) .

Ecmun x, — cinyuaitHoe Omyknanue, To Torma VR, = 1, a ecnm  x, — mpouecc, CTalluOHAPHBIN
OTHOCHUTEJLHO JIMTHEWHOTO TpeH a (MJIM MTPOCTO CTAIMOHAPHBIN), TO Toraa VR — 0 mipu k — .
[Ipu pabore ¢ peanbHBIMU JAHHBIMU AWCIIEPCUH 3aMEHSIOTCS WX COCTOATEIHHBIMU OIICHKAMH H
NOJIyYeHHOE OTHOIIeHue yMHoxaercs eme Ha 1/ (T —k + 1) ansg mocTHKEeHHsT HECMEUICHHOCTH
MOJTy4YeHHOU OoleHKU Ansi VR . 3aTem cTpoutcs rpaduk 3HAYCHHH MOJYYSHHBIX OICHOK Ui VR;
npu pa3mmuHbix k = 1,..., K © 10 MOBEACHWIO 3TOTO TpaduKa ICNAIOTCS BBIBOJIBI O
MPUHAIC)KHOCTU psfa kinaccy TS unu DS, uMes B BuAy paznuuus B MOBEACHUHU 3TOro rpaduka
JUISL OTUX ABYX KJIACCOB BPEMEHHBIX PSAOB.

Jpyroii BapuaHT paboOThl C peaTbHBIMU JAHHBIMU COCTOUT B MCIOJB30BAHUU PAaBHOCHIBLHOTO
MPEJCTABIICHUSI CTATUCTUKYU OTHOLLICHUS Auctiepcuit VR

k .
VR, =1+2Z[1—ﬁjrﬂ
+

j=l
rje 7;— 3Ha4eHHUE Ha Jlare j aBTOKOPPEIALMOHHON QyHKIMHU PAAa Pa3HOCTEH Ax; =X, — Xp1 .

IIpumep
Obpatumcst onsith k peamusanmu ST 3 psnga, CTalMOHAPHOTO OTHOCUTENBHO JUHEHHOTO

TPEHJa, IO KOTOPOM OKa3ajloCh 3aTPyJHUTEIBHBIM BBIHECTH OIPEIACIICHHOE pELICHHE
OTHOCHUTEJIHO TNPUHAMIEKHOCTH K Kinaccy TS mnm k kmaccy DS mopenu, mopoxparomien 3Ty
peanuzanuio. IIpuBneueM K pemeHuro 3Toro Bonpoca npouenypy Koxpeitna.
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[loBeneHne OTHOLIEHUSI JUCTIEPCUI TOBOPUT B 10JIb3Y TS runoressi.
JUis cpaBHEHUs NPUBEAEM AHAJIOTMYHBIM IpaUK OTHOIIEHUS AMCHEPCUI AN peanu3aluu

WALK 2 cnyyaitHoro Oiy»IaHHs CO CHOCOM:
1.3

0.9

5

[loBenenue oTHOIIEHUS qUcTiepCcuii yKa3biBaeT Ha To, 4To WALK 2 noposxnaetcst DS mozensto.

6.9. Hekomopsbie npobriemMbI, O3HUKarowue npu passauvyeHuu TS u DS
aunomes

6.9.1. KoppeKIlHs c€30HHOCTH

B paccmoTpeHHBIX BbIIIE TPOLIEypax HUKAK HE 3aTParuBajICsi BOMPOC O KOPPEKIIUU CE30HHOTO
MOBEJICHUs pANla, HE CHHUMAEMOrO HHM BBEIECHHEM B MOJENb JHWHEHHOTO TpPEeHJAa HU IyTeM
muddepermmupoBanus psijga. Pazymeercs, naHHble, TOCTYNAIONINE B PACTIOPSHKCHUE HCCIICI0BATES,
y>)K€ MOTTU OBbITh TOJABEPTHYTHl CE30HHOW KOPPEKIIMHU COOTBETCTBYIOIIMMH CTATUCTHUYECKUMHU
areHcTBaMu. boisiee TOro, BO MHOTHX CTpaHax ChIpble (HE CKOPPEKTHPOBAHHBIE HA CE30HHOCTH)
JaHHBIE MPOCTO HEJOCTYMHBI. B TO ke Bpems, MpH aHAlM3€ JAHHBIX, MOJBEPTIINXCS CE30HHOMY
CTJIQXKMBAHHWIO C WCIOJIh30BaHUEM (DHUIBTPOB WM C HCIOJIH30BAHUEM CHEIUPUICCKIX METOIMK




NPaBUTEILCTBEHHBIX areHTCTB, CYIIECTBEHHO OOJIbINE MAHCOB KIACCH(PHIMPOBATH HUCCIEIYEMBIN
psn kak DS (cMm., Hanpumep, [Ghysels, Perron (1993)]), uem npu ananuse celpbix JaHHbIX. [ToaToMy
HEKOTOpBIE aBTOPHI PEKOMEHIYIOT MO0 BO3MOXKHOCTH BOOOIIE M30eraTh MCIIOIB30BAaHUS CE30HHO-
crnakeHHbIX JaHHBIX ([Davidson, MacKinnon (1993)]). bonee npeamoyTUTEenbHBIM SBISETCS
HCTIOJIb30BaHUE CHIPBIX JAHHBIX W YCTPAaHEHHE W3 HUX CE30HHOCTU IYTEM OIICHUBAHUS PErpeccuu
ChIpOro psiia Ha ce3oHHble ¢ukTUBHBIE (dummy) mepemennbie DI1,..., DI2 (ecaum naHHBIE
Mmecsiunble) win D1,..., D4 (ecau naHHble KBapTaibHble). OcTaTKM OT OLIEHEHHOH perpeccuu
00pa3yIoT ouuu{eHHbIIl pAd, K KOTOPOMY MOXHO TNPUMEHATh H3JI0)KEHHBIE BBIIIE METOJIBI.
Teoperudeckoe ornpaBIaHUE TAKOTO MOJIXOAA MPU NpuMeHeHnn kputepus uku - Dynepa gaHo B
pabote [Dickey, Bell, Miller (1986)], rome moka3zaHo, YTO aCHMIITOTHYECKOE pacIpeecHHe
CTaTHUCTUKH ¢, HE H3MEHSETCS NpPU UCKIIOYEHUH U3 psia JETePMUHHUPOBAHHBIX CE30HHBIX
KOMITOHEHT.

6.9.2. TIpOTSKEHHOCTD Psifia U MOLIHOCTD KPUTEPHUS]

Crnenyer uMeTh B BUAY, YTO MOIIHOCTh KPUTEpUEB €AMHUYHOIO KOPHS 3aBHCUT, B IIEPBYIO
ouepesb, OT (HaKTUYECKON NPOTSHKEHHOCTH pAga BO BPEMEHH, a HE OT YacTOThl, C KOTOpOH
npou3BoATCs HabmoaeHus. COOTBETCTBEHHO, MMEs 3HAUYEHUS psijia 3a ACCATWIETHUH NepuoJ], Mbl
HE T0JIy4aeM BBIUTPHIINIA B MOITHOCTH, aHAJTU3UPYS MECAYHbIC JaHHBIC, a HE KBapTaJbHBIC WIN
rofioBele. Pe3ynbTarel HccaenoBaHUN B 9TOM HAIPABICHUM MOXHO HAaWTH, HAIIPUMEpP, B CTaThIX
[Shiller, Perron (1985)] u [Perron (1989b)].

6.9.3. TlpoGneMa COrIacoOBaHHOCTH CTATUCTHYECKUX BBIBOJIOB mpH paznudeHun TS u DS
TUIIOTE3

[Ipn pemenun 3amauu OTHECEHMsI paccMaTpuUBaeMoOro psajga k kimaccy TS wim k kimaccy DS
pANOB JIByMsl CTaTUCTHYECKUMH KPUTEPUSAMM, OIUH M3 KOTOpBIX OepeT B KadyecTBE HYJIEBOU
runoresy TS, a apyroit — runote3y DS, BO3MOXHBI CIIEAYIOIINE CUTYALUU:

Ho: TS — He oTBepraercs Hy: TS — otBepraercs
Hy: DS — He oTBepraercs Ucxon 1 Ucxon 2
Ho: DS — otBepraercs HUcxon 3 Ucxon 4

OTHU CUTyalluu UHTEPIPETUPYIOTCS CIAEAYIOLUIUM 00pa3oM:

Ucxon 2 — B moaw3y DS Moaenmu.

Ucxon 3 — B monw3y TS mogenmu.

Hcxon 1 — HEBO3MOXKHOCTD MIPUHSTH PEIICHHUE M3-32 HU3KOH MOIIHOCTH 000UX KPUTEPUEB.
Hcxon 4 — mpomecc mnopoxaenus naHHeix (DGP) He cBomuTcs K IOMyCKaeMbIM
UCHoab3yeMbIMU KpuTepusamu TS u DS monensm.




6.9.4. Hajimune HECKOIBKUX €AMHUYHBIX KOPHEH

[Tocne mosiBnenus padot [Fuller (1976)] u [Dickey, Fuller (1981)] 6bu10 npoBeneHo 10BOIBHO
MHOTO TIPAKTUYECKUX HCCICIOBAHUN SKOHOMHUYECKHX BPEMEHHBIX PSJOB C IENbI0 PEIICHUS
BOMNPOCA O HAMYMH WU OTCYTCTBUHU €AMHUYHBIX KOPHEH B MOJEISIX MPOILECCOB, MOPOKIAIOIINX
9TH PSJIBL.

[Tpu >TOM OOBIYHO CHayYaja pacCMAaTPUBAICS CaM BPEMEHHOW psifi, ¥ MPOBOAMIACH MPOBEPKA
€ro Ha HECTAalMOHAPHOCTh C HUCMOJb30BaHHEM KputepueB Juku — Dymnepa . Ecnm rumoresa
€AMHUYHOTO KOPHS HE OTBEprayiach, TO MOCIE 3TOTO MEPEXOAMIN K PACCMOTPEHHIO psijia pa3HOCTEH
U TPOBEPSUIM THUMOTE3y €IWHUYHOTO KOPHSA JJIS ATOTO psifa, MPUMEHSS K Psay pa3sHOCTEH
npouenypy Aduku — Oymnepa.

Ecnu npu ananuse psiza pa3HOCTEH rUIoTe3a eAMHUYHOTO KOPHS OTBEprajiach, TO IPUHUMAIOCh
pelieHne O TOM, YTO HCXOJHBIA psifi — MHTErPUPOBAaHHBIN mopsaka 1. B mpoTuBHOM ciydae
MEePEXOUIH K PACCMOTPEHHUIO Psifia BTOPBIX Pa3sHOCTEH M MPOBEPSIIN TUIIOTE3Y €IUHUYHOTO KOPHS
JUtst 3TOro psiga. OOBIYHO HA ATOM IIare TMIOTe3a eAMHUYHOTO KOPHS OTBEprajach U UCXOTHBIN Psijl
OTpeeNsiyIcs KaK MHTETPUPOBAHHBIN MOpsiaKa 2.

Bonee moznHue uccnenoBaHus MoKas3ald, YTO TaKOTO pojia MOCIeA0BaTENbHbIE MPOIEAYPHl HE
00NamaroT  3asBJICHHBIMM  YPOBHSMH  3HAUMMOCTH, UMes TEHACHIMIO K  3aHMKEHHUIO
JNEHCTBUTENFHOTO KOMMYECTBA EIUHUYHBIX KOpHEe. I B TakoM HECOOTBETCTBUM HET HHYETO
YAUBUTEIBHOTO: kpuTepuu Juku — Oyisiepa OCHOBaHBI Ha MPEATION0KEHUH, YTO €CIIA €IUHUYHBIN
KOPEHb U UMEETCsI, TO TOTJa OH €AMHCTBEHHBIN. [lonokeHne 3/1eck MOX0XKe Ha IPyrHe CUTYyalluu,
KOI'Jla mociiefioBaTebHasl MpoOBEpKa TUIIOTE3 HJIET HE OT OOLIero K 4acTHOMY, a OT YacTHOTO K
o0miemy.

B cBsa3u ¢ oTtuM, ana cuTyaruii, Korga TMpeirnojiaraeMasi MOJIeTb aBTOPETPECCHH s
aHAIM3MPYEMOTO Psiia MOKET UMETh MOPSAIOK p BHINIE MEepBOro, p > 1, B padote [Dickey, Pantula
(1987)] Obwia mpennoXkeHa MpolEAypa MOCIEAOBATEIHHON IMPOBEPKH TUIIOTE3 O KOJIHYECTBE
€AMHUYHBIX KOpHEH XapaKTepUCTUYECKOTO YpaBHEHUS, MOCTPOEHHAs MO MPHUHIMITY “OT OOLIero K
yacTHoMY”. CHayajia mpoOBepseTCA TUIIOTE3a O TOM, YTO BCE p KOPHEH XapaKTepHUCTUYECKOIrO
MHOTOYJICHa €IMHUYHBIE; TIPU €€ OTBEPKEHUU MPOBEPSAETCS TUIIOTE3a O HATMUUU p — | €MHUYHBIX
KOpHEH U.T.JI.

[TosicHuM cMBICH 3TOM TIpOLIEyphl HA IpUMeEpe mporiecca aBToperpeccun AR(2)

a(l) x; = &,

T.€.

(1-aL- asz) X =&,
WIu

(1—al)(1-bL)x, = ¢,
rae

a=1/zy,b=1/zy, a z,z; — kopau ypaBHenus a(z) = 0.



[Ipu >TOM MBI IIpearIoIaraeM, 9To MPOIECC He HOCUT B3PBIBHOTO XapakTepa, Tak 4To | zi|, |z2| >1, a
3HAYWT, | a, |b| < 1.

PackpbiBasi CKOOKM M TIEPEHOCS BCE COCTABIISIONINE, KPOME X,, B MPABYIO YacTh YpaBHEHUS,
MOJTyYaeM:

xi=(@+b)yx,_1—abx,_,+¢.

BrerureMm u3 00eux yactet x;_g :

Axy=(@a+b-1)x,_1—abx,_r+¢.

U3 obenx yacTeil moTy4eHHOTO paBeHCTBA BHIYTEM A X; | :
Azx, =A—-Ax, 1 =—Ax; 1t (@+b—1)x,1—abx, ., + &=
=(@a+b-2)x; 1+(l1—ab)x; »+¢&.
Beiennm B paBoii 4acTu NEPBYIO Pa3HOCTb:
Axi=(a@+b-2)xi1+[-(@b-1Dx, r+(ab-1)x,_1]-(ab—1)x;_ 1 +&
=(a+b—ab-1)x;_1+(@—-1)Ax,_1t+e,
TaK 4TO

A’x;=(a— 1)1 =b)x;_1 +(ab—1) Ax,_ 1+ & .

D10 06a30BO€ COOTHOIIEHHE TMO3BOJISIET HACHTU(UIMPOBATH CHUTyalluH, KOrja umeercs 2
CMHUYHBIX KOpHS, KOTJia MUMeeTcs | eAMHWYHBIA KOPEeHb M KOTJa CIWHUYHBIX KOPHEH HeT.
HNmenno,

e Ecmm a=»b=1 (nBa eAMHUYHBIX KOPHS), TO A2xt =g.

e Ecmm a=1,|b|<1 (oauH eIMHUYHBIA KOPEHB), TO

A, = (b—1)Ax; -+ &, um
Azx,Z(pr,_l-Fst c 9<0.
e Ecmu |a|<1wu|b|<1 (HET eIMHUYHBIX KOPHEH), TO
Azx, =yxi1teAxy_1+te ¢ <0 m y<O0.
CooTBeTCTBEHHO, NTpoLeaypa, npeaioxkenHas Juku u [lanTtyinoil, Takosa.

Eciu MBI nomyckaeM Hanuuyue [JBYX €AMHUYHBIX KOpHEH, TO CHauyajga OLIEHHBAaeM
CTaTHCTUYECKYIO MOJICIb

Azx, =a+ oA 1+tu
U CPaBHMBACM 3HAYCHUE /-CTATUCTUKU Ui Kod(pdummeHta ¢ ¢ KPUTHUECKHM 3HAUYCHUEM
COOTBeTCTBYMOIIEN cTatucTuku Juku — @ynnepa (cayyau 1 wnm 2, B 3aBUCUMOCTH OT TOro, OyieM
a1 Mbl ucxoauth U3 o = 0 wnmu a # 0). 3neck u, — AUOO MPOCTO Tpolecc Oenoro myma JIubo
BKJIFOYAET B CeOsI €I1Ie U 3arma3pIBaroliue 3HaYeHUsl BTOPOU Pa3HOCTH Azxt,l Y ey Azx,, Pl

Ecnu runore3a o Hanuuuu BYX €IWHUYHBIX KOpHEH (¢ = () oTBepraercs, TO TOTJa CIEIyeT
OIICHUTBH CTATHCTHYECKYIO MOJIEITh

Nx;=wxe1+¢ A+ u
U npoBepuTh runoresy y = 0 mnpoTtuB anbTepHaTHBBl Y < 0. OTKIOHEHHE ITON THUIOTE3bI
O3HAYaeT MPU3HAHUE TOTO, YTO y psiia X; HET €IUHUYHBIX KOPHEMH, a €€ HEOTKIIOHEHHUE — YTO X; ~

1(1).



[Ipumep
PaccMoTpuM cMmopenupoBaHHbIe peanu3anuu Tpex mojaeneid AR(2) ¢ pa3nu4HbIM KOJIMYECTBOM

€MHUYHBIX KOPHEM:
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[TocmoTpum, yToO Aaet npuMeHeHue npoueaypsl Juku — [IaHTyIbI B 3TOM cHyaluu.

Ha nepBoM miare asst Kaxa0ro U3 psiioB OLIEHUBAEM CTaTUCTUYECKYIO MOJIENb

SM: Azxt =at+t oA 1te
U mipoBepsieM runoredy ¢ = 0 mpoTuB anbrepHaTHBB ¢ < (. (AHAJIN3 PSAIOB OCTATKOB JJIsl 00EUX
OIICHEHHBIX MOJIeJIel yKa3blBaeT Ha OTCYTCTBHE HEOOXOIMMOCTH BKJIIOYEHHS B MPaBYI YacTh
CTaTMCTUYECKOM MOJIENM 3ama3[bplBalOIIUX 3HaueHU BTOpoil pasHoctu.) nsa psga ROOT2 bl
WCITIOJIb3yeM KpuTHdeckue 3HaueHus Dyriepa, COOTBETCTBYOIIHE cirydaro 2 (o # 0), OpueHTUPYACH
Ha HaJIWYWe y pealu3aluy BUAuUMoOro kpajpartuyHoro tpeHzaa. dus 77 = 100 xkpurtuueckoe 5%
3HaYeHue CcTaTUCTUKU Jlukum — Pyiepa paBHO — 2.89. BbIUMCIEHHOE 3HAYEHHE {-CTATUCTHKU
paBHO — 1.64; runore3a 0 HATMYKMK JBYX €AUHUUYHBIX KOpHEW He orBepraercs. s psnoB ROOTO u
ROOTI1 wucnons3zyem kputudeckue 3HaueHus Dymiepa, coorBercTByromme ciydaro 1 (a = 0),
IPUHMMas BO BHUMaHHE OTCYTCTBHME Yy pealM3allii BUAMMOIO KBaJpaTU4YHOIO TpeHaa. B atom
cayyae mia I = 100 kputnueckoe 5% 3HaueHne cratuctuku luxku — @ymiepa paHo — 1.95.




Brruncnennsie 3HaueHust f-ctaTUcTUK paBHbl — 7.83 mist psiga ROOTO u — 5.50 qyst psima ROOT;
B 000MX CiTy4asX TUIOTE3a O HaJTMYUU ABYX €AMHUYHBIX KOPHEH OTBEpraercs.
Crnenyromuii mar nponeayphbl BBIMOTHSAETCS M03ToMy Toibko misi psaoB ROOTO u ROOTI.
J171st 5TUX PSIIOB MBI OIICHHUBAEM CTaTUCTHYECKYIO MOJIETh
SM: Azx, =wx; 1+t A 1té&
u npoBepsieM runore’y w = 0 mpotuB anbrepHaTHBBl i < (. 3HAUEHUS COOTBETCTBYIOLIEH 1-
ctaTucTUKH paBHbl — 3.89 mns psaa ROOTO nu — 1.63 mst psapa ROOT]I, tak uro runore3a y = 0
otBepraerca 11 psaa ROOTO u ve otepraercs ans psga ROOTI.
3ametruM Teneph, uTo B Moaenu DGP mis psima ROOT?2 peiicTBUTENHHO OBUIO J1Ba €IMHUIHBIX
kopHs, B mozaenu DGP nna psga ROOT1 — oauH equHuYHBIA KOpeHb, a B Mmoaenu DGP nns psga
ROOTO — Hu 0THOTO €IMHUYHOTO KOPHS:
DGP gma ROOTO: x,=1.1x,_1-03x,_,+¢&, nim
(1-0.6L)(1—-0.5L)x, =&,
DGP nma ROOT1: x,=15x_1-05x_, +&, wim
(1-L)A—-05L)x; =¢&;
DGP nma ROOT2: x,=2x,_1—Xx;_2+ &, unn
(1 —L)zxt =g .

bonee mnonpo6HO ¢ mnpobOiremamu, BO3HUKAIOIIMMU HpPU HPOBEPKE THUIIOTE3, CB3aHHBIX C
HAJIMYMEM HECKOJIbKUX €MHUYHBIX KOPHEH, MOXKHO 03HAaKOMUTKCS, Hanmpumep, B kuure [Patterson
(2000)].

6.10. Kpumeput lNeppoHa u e2o 0606uweHue

6.10.1. Kputepuii [leppona

[Mpennoxennas B pabore [Perron (1989a)] mpomenypa mnpoBepkd HYJIEBOH THUIOTE3bl O
MPUHAUICKHOCTH psifa kiaccy DS o6obmaer nponenypy Jduku — @yruiepa Ha CUTyaluu, KOra Ha
nepuoje HaOMIOIEHUI UMEIOTCS CTPYKTYpPHBIE U3MEHEHHUSI MOJENN B HEKOTOPBI MOMEHT BpPEMEHHU
T mmbo B ¢dopme caBura ypoBHs, 100 B (hopMe M3MEHEHHs HAKJIOHA TpPeHa, 0o B ¢opme
COUETaHMS ATHX JBYX M3MEHEHHH. BaxkHOCTH Takoro o00OIIEHNS CBA3aHA C TEM OOCTOATEILCTBOM,
yro eciau DS-xputepuii He JOMYyCKaeT BO3MOKHOCTH M3MEHEHHs CTPYKTYPBI MOJEIH, TOT/a Kak
TaKoe M3MEHEHHE B JEHCTBUTENLHOCTH UMEET MECTO, TO OH UMEET OUYeHb HU3KYIO MOIIHOCTD, T.C.
PAKTHYECKH Bceria He oTBepraetr DS-rumote3y (cM., Hanpumep, [Engle, Granger (1991)]).

[TocnenqHee MOXHO Jyd4llle BCEro MPOWJUIIOCTPUPOBATH Ha mpumepe pabotsl HenbcoHna u
ITnoccepa [Nelson, Plosser (1982)], B koTopoii OBLI TpOBEIEH CTAaTHCTHYSCKUN aHamm3 13
OCHOBHBIX MakposkoHOMHUYecKUxXx psaoB CIHIA 1o rogoBbIM JaHHBIM 3a JIOCTaTOYHO JJTMHHBIC
nepuobl (ot 62 o 111 nmer) u kBapransHOro psiga GNP, oTHocsmerocs k nepuoay mnocie Bropoii




MupoBoil BOMHBI (1948 — 1987 r.r.). Bee psinbl OblM B3STH B Jorapudmax, 3a UCKIIOYECHUEM psiia
IPOLICHTHBIX CTaBOK.

Jl1 3TUX PsI0B TMIIOTE3a €AMHUYHOTO KOPHSI POBEPSIIACH B CBSI3KE

SM: Ax;, =a+pft+¢x.1+u,, tne u, — cramonapusiii mporecc AR(k),

DGP: Ax, =a+u, (c a =0 umn a#0),

U HCHOJb30BAUCh KpuTHUeckue 3HaueHus Dymepa g 3toil curyaumu. [Ipu stom Henbcon u
[Tnoccep oOuapyxumu, yto s 13 u3 14 psAnoB rumore3a €IMHUYHOTO KOPHS HE OTBEPraeTcs.
EnMHCTBEHHBIM UCKITIOUEHUEM OKa3aics psii JIorapu(MoB ypoBHEH 3aHATOCTH.

[Tonyuyennsie Henbconom u Ilnmoccepom pesynbTarbl chOpMHUpOBAIM YCTOMYMBOE MHEHHE O
TOM, YTO MAaKpOSKOHOMHYECKHE psabl, OOHApYy>KUBAIOIIME TPEHJ, CKOpee BCEro MOTyT
MoierpoBaThes Kak DS psaabl. B To e BpeMsi, Mbl ye BUAEIU Ha IPUMEPax, uTo Kpurepuu J{uku
— @ynnepa MMEIOT HE OYEHb BBICOKYI0 MOIIHOCTb, U IOCJIETHEE MOXKET SBJIATHCS HMPUUMHOM
HEOTBEP KEHMSI TUIIOTE3bl €IMHUYHOTO KOPHS 1715 yKa3aHHbIX 14 psnoB. Bmecte ¢ Tem, Hazj0 yuecThb
U CleyIoliee 00CTOATENbCTBO, HA KOTOpoe oOpatui BHuManue Ileppon B ctatbe [Perron (1989a)].
Paccmotpum, ans npumepa, rpaduk psga GNP s nepuona ¢ 1 kBaprana 1958 r. mo 4 kBaprain
1979 1.
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B kauecTBe anbTEepHATHBBI TPOLIECCY CIy4alHOTO OyX)maHus (CO CHOCOM wuiu 0e3 CcHoca)
kpurepuil luxku — @yiuiepa mnpemiaraeT IpoLEcC, CTALMOHAPHBIM OTHOCUTEIBHO JIMHEMHOIO
Tpenaa. OHaKo MpU MPOCMOTPE MPUBEJCHHOTO Ipaduka BOZHUKAET BIIEYATICHUE, YTO JTMHEHHBIN
TPEH] Psila UMEET pa3INyuHbIi HAKJIOH Ha noanepuonax 1o 1974 r. u nocne 1974 r.

Ecnu HenmocpeACTBEHHO OIEHMBATh JIMHEHHBIN TpeHa Ha BceM nepuoae 1958:1 — 1979:4, to
yri0Boi k03¢ duimeHt Tpenaa oueHuBaercs kak 19.086. Ilpu ouenuBanuu Ha noxnepuone 1958:1
— 1973:4 yrnoBot koddduMeHT TpeHaa oleHuBaeTrcs kak 19.852. B To xe Bpewms, mpu
ouieHuBaHMM Ha moxanepuoae 1975:1 — 1979:4 yrnoBoi ko3(h(UIMEHT TPEeHIa OLIEHUBAETCS Kak
31.995. Dro 3acraBinseT YCOMHUTHCA B TPUTOJHOCTH BHIOOpAa B KA4eCTBE albTCPHATHBBI
cilydyaifHOMy OJIy>KJaHHIO IpoIecca, CTAllMOHAPHOTO OTHOCHTEIBHO MMEHHO JHMHEHHOIO TpeH/a.
Ckopee, Hajgo ObUIO OBl MCIOJIB30BATh B KAaueCTBE albTEPHATHBBI IPOLECCA, CTALMOHAPHOIO
OTHOCHUTEJILHO JIOMAaHOM C y3JI0M B paiione 1975 r.



OcHOBBIBasiCh Ha MOJOOHBIX HAONIONEHUSAX M B OTHOLIEHUH JAPYTUX MaKpPOIKOHOMHUYECKUX
psnoB, Ileppon u mpemnoxun B [Perron (1989a)] Tpu mMozmenu, JOIMycCKarolue CTPYKTYpHBIE
M3MEHEHUs MOJIEH psja.

B xpurepun IleppoHa MOMEHT U3MEHEHHs CTPYKTYphl MpeANojaraercs 3K30I€HHBIM, B TOM
CMBICJIC, YTO OH BHIOMpAETCsi HE Ha OCHOBAHWHU BH3YAJIBHOTO HCCIIEJOBaHHS Tpaduka psaa, a
CBSI3bIBAETCS C MOMEHTOM M3BECTHOIO0 MAacIITaOHOTO W3MEHEHHs 3KOHOMHUYECKOH OOCTAaHOBKH,
CYLLIECTBEHHOI'O OTPaXaroIIerocsi Ha MOBEACHUN pacCMaTpUBAEMOro psija. TpeM yKa3aHHBIM BbIILIE
dbopmMaM  M3MEHEHUS CTPYKTypbl MOJEIM COOTBETCTBYIOT TpPH Ppa3IMUYHBIX BapuaHTa
PETPECCHOHHBIX  MOJIENIeH, KOTOpble CTpPOATCS IyTeM BOWpaHuss B ceds  MojelneH,
COOTBETCTBYIOLMX HYJIEBOH U albTEPHATUBHOM THIIOTE3aM.

A. Mopens “kpaxa’:

x,=c+8DMU,+ Bt+d DTB, +ax,_, +¢&,

B. Mogens “nu3Menenust pocra’:

X, =c+3DMU,+ Bt+y DTS, +ax, +¢&,

C. Mopens, nonyckatomiast Hanmudre ooonx 3¢pdexros:

x,=c+3DMU,+ pt+6 DT, +d DIB, +a x,_, +¢&,
3nech

¢ — MIOCTOSIHHASI,

I mna t=T,+1

DTB, =
0 BIPOTUBHOM Ciy4ae
1 mgna t>T,
DMU, = ’
0 mua t<T,
t—T, mua t>T
DTS, = ? ?
0 nmma t<T,
t ma t>T
DT = ?
0 mma t<T,

HyneBble runote3pl €IMHUYHOTO KOpPHS HAKIAJbIBAIOT CIEAYIOIIME OTPaHUYECHHS] Ha UCTUHHBIC
rapameTpbl MOJEJIEH:

Mogens A.

a=1, f=60=0, d+0.

Mopnens B.

a=1, f=y=0, 6£0.

Mopnens C.



a=1, f=0=0,d#0,0+0.
AJnbTepHATUBHBIC TUIOTE3bl HAKJIAJABIBAIOT CIEAYIOLIUME OTPAHUYEHHS HAa UCTHHHBIE MapameTphl
MoJieJIel

Mogens A.
a<l, p£0,0#0,d=0
Mopnens B.
a<l, p#£0, y£0, =0
Mopgnemns C.

a<l, f#0, 0#0, d=0,0#0.

B Takoii ¢opmynupoBke HyNeBas U albTEpPHATUBHAS THUINOTE3bl SBIAIOTCS THE3IOBBIMU
TUIOTE3aMHU.

ACHUMIITOTUYECKUE KPUTHUUECKHE 3HAUCHUS {-CTATHUCTUKU Kputepus [leppoHa 3aBUCAT OT THMa
CTPYKTYPHBIX M3MEHEHUH, mapamerpa A=7/Tp W OT TOro, Kakas W3 MOJENeH MOCTyIupyercs —
Mooenb ¢ adoumushvim 6vlopocom (AQ), B KOTOPOH CTPYKTypHOE H3MEHEHHE MPOUCXOJUT
BHE3AIHO, WIH M00e1b ¢ UHHO8AUUOHHbIM éblOpocom (10), B KOTOpPOI CTPYKTypHOE U3MEHEHHE
npoucxoaut mnocteneHHo. [IpuBenennbie B pabote [Perron (1989a)] Tabmuitkl KpUTHUECKHX
3HaYeHUH COOTBETCTBYIOT MOJIENISIM C WHHOBAIlMOHHBIM BbIOpocoM . Kak moctymath B ciydae
MOJIeJIeH ¢ aJINTUBHBIMH BbIOpOCcamu, coobtraercs B padote [Perron, Vogelsang (1993)].

B cBs3u ¢ mpouenypamu, IOMYCKAIOIIMMHU H3JIOM TPAaeKTOpUHM, HAZI0 OOpaTUTh 0coboe
BHHUMAaHUE Ha pa3andue MeXIy MOJEISIMU BHE3AMHOTO U MOCTENEHHOTO U3JIOMA.

B TeueHne HECKOJBKUX JIET B 3TOM BOIIpOCE ObLIa HEKOTOpas IMyTaHMIA, TaK YTO JAXe caM
aBTOP TEPBOHAYAILHON MPOLETYPHI, JOMYCKAIOIIeH H3I0MbI pa3HbIXx BUIOB ([Perron (1989a)],
OIMOOYHO MHTEPIPETUPOBA OIICHEHHBIE UM MOJIETH M KPUTHYECKUE 3HAYEHUS, MOIy4YEeHHBIC
MyTEeM CTaTUCTUYECKOTO MOJECIUPOBAHHUS.

Ilyctb  z; — cCTalMOHApHBIA MPOLIECC ABTOPETPECCHM MEPBOTO IMOPSJKA C HYJIEBBIM
MaTeMaTHYECKUM OKUJaHHEM,

zZi=a1zi 1t &,

U pAll y; ONpeensercs Kak

n=A0+z,
rne f(t)=0 npu t<Tp u f({)=pu+#0 upu t> Ty .llockoneky E(z)=0,10 E(y;)=0 mpu t< T3
u E(y)=u upu t> Tp . Takum oOpa3om, mpu mnepexojae yepes naty uzioma 1z psig y, cpaszy
HA4YMHAET OCHWIIMPOBATh BOKPYT YPOBHSA  (BMECTO OCUMJUISILIMM BOKPYT HYJIEBOTO YPOBHS A0
3TOTO MEepPexoa).

PaccMoTpuM Temeps Apyryro Mojieib, B KOTOpOHl (PYHKIMs CKaukKa “BCTpOEHA” B ypaBHEHUE
AR(1) nnst y, . ImenHo, mycTh

* B camoii 3Toif paGoTe OmMMOGOYHO I0OJAraZOCh, YTO INPHBEICHHbIC B HEll KPUTHYECKHE 3HAUYCHHS

COOTBETCTBYIOT MOJCJIAM C aAANTUBHLIM BI)I6pOCOM.



= +tay1te, a <1,
rae

=0 npu t<Tp u () =u (1 —a;) npu t>Tp, u#0.

Jlo momenta Tp psn y, OCHWUIMPYET BOKPYT HyleBoro ypoBHs. Kak OymyT Bectu ceds
TPACKTOPHUH TAKOTO Psijia ), MOCTe epexoa uepes nary uznoma 7 ? J{s BISICHEHUS 9TOTO yA00HO
3alIuCaTh:

n=ayat(f)te)=ary 1+,

Torna nnsa ¢ = T3 + h umeem
TB+h—

_ TB+h —
Yren = + zal =

TB+h-1

yaBh 4 Zal ft-k)+e )=

TB+h-1

= TB+”+ Zal E 4 +Zal,ul a

IlepBoe crnaraemoe B IpaBoil 4acTH (BBIp&)KeHI/Ie B KBaJIPaTHBIX CKOOKAX) COOTBETCTBYET MOJEIH C
E(y;) = 0. Bropast cymma ipu 4 — 00 MMeeT npeJen

h-1
lim Zalky(l—al)zy.
h—o par

B aT0if Moaenu nocie MmoMeHTa ¢t = Ip mpouecc ), JUIIb IOCTENEHHO BBIXOJUT Ha HOBBIM YPOBEHb
U , BOKPYT KOTOPOT'O HaUMHAET MIPOUCXOIUTh OCLMIIIALUS TPACKTOPUH pAa.

[Tockonbky BO BTOpOM Mojenu 3Ha4eHUs f(f) 0OpabaThIBAIOTCS aHAJIOTHYHO WHHOBAIMSAM &
(BmusHHE 00OUX 37ech YOBIBa€T I'€OMETPHYECKH), TO BTOPYI0 MOJENb HAa3bIBAIOT MOJENbIO
UHHOBAUUOHHO20  BHIOpoca. B ornmume oOT Hee, mepBas MOJENb HA3bIBACTCS MOJIECIBIO
aooumueno2o BHIOpOCA.

AHaJOrMYHO, MOXHO paccMaTpuBaTh Hapbl Mojesned (aaIuTHUBHAs — WHHOBAIMOHHAs),
JIOIyCKAoIMe U3MEHEHUE HaKJIOHAa TpeHja 0e3 M3MEHEHHUs YPOBHs psla WU JOIMyCKaloLlhe U
M3MEHEHHE HaKJIOHA TPEHa U U3MEHEHHE YPOBHS pA/a.

Hwxe Mbl puBOIMM rpadUKy, WILTIOCTPUPYIOIIUE T000HBIE CUTYALHH.
CaBur cpeHero ypoBHs psija:
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W3menenne HakiIoHa TpeHa 03 CIBUTA pean3aliy — “CerMEeHTUPOBAHHBINA TpeH:
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BosBparumcs Teneps k 06cyxnenuto ctatel [Perron (1989a)].

IIpoBenss peBusuio pesyiabratoB Henbcona-Ilmoccepa nmna 14 psaoB ¢ AOMyIIEHHEM
CTPYKTYPHBIX W3MEHEHUH MOJIEIM W DK30TCHHBIM BBIOOPOM JnaThl u3noma, [leppoH momydwn
COBEpUICHHO JIpyTHe pe3yJbTaThl. Tenepb y)kKe runore3a eIMHUYHOro KOpHs Oblla OTBEPrHyTa AJIs
11 u3 14 psanoB, T.e. pe3yibTaTbl MOJYYMIUCh HPAKTUYECKH MPSIMO HPOTHUBOIOJIOKHBIMU
pesynsratam Henwscona-Ilmoccepa. UyTh mo3ke MBI O0OCyAMM 3TO OOCTOSITENHCTBO, a celyac
NpUBEJEM MpUMeEp MpuUMeHeHus: npouenypbl [leppoHa K OJHOMY M3 OCHOBHBIX POCCHUHUCKHX
MaKpPOIKOHOMHUYECKUX PSAIOB.

ITpumep
B kauectBe mpumepa UCIONB30BaHUA Ipoueaypsl IleppoHa ¢ 3K30reHHOM JaTOW HM3JI0Ma MBI

paccMOTpUM TIPOBEPKY THUIOTE3bl O HAIWYUM €AUHUYHOTO KOPHS B aBTOPETPECCHOHHOM
NPEICTaBICHUH MOJENH, MNopoxaawmend psag x;, = M1, rne M1 — neHexHblii arperar,
MIPEJCTABIISIIONINNA BCE IEHEKHBIE CpeaCTBa B AKOHOMUKE Poccuiickoil denepanun, KOTOPbIE MOTYT
OBITh HCIOJIB30BAaHBI KaK CPEJCTBO IUIaTeka. MBI UCHOJB3yeM MECSYHBIC IaHHBIE 33 TEPUOJ
1995:06 — 2000:07 B HOMUHANIBHBIX BeMunHAX. ['paduk psana X; = M1 umeer cinenyromui BUI:
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[Ipu ananuze »TOroO psiia Ha HaJUYKME €AMHUYHOIO KOPHS C MUCIOJIb30BAHMEM KpuTepueB JUku —
Oymnepa u Owuurica — [leppona (cM. [DKOHOMETPpUUYECKHI aHAN3 TUHAMUYECKHX PSIIOB
(2001)]) rumote3a EIUHUYHOTO KOpHS HE ObUIA OTBEPrHYTa, YTO MOXET OBITH CBS3aHO C
HEYJITaYHbIM BBIOOPOM aJbTEpHATHUBHBIX rumnore3. ['paduk psina MO3BOJSET MPEANOIOKHUTH, UTO
0oJiee MOAXOAIIEH MOXKET OKa3aThCsl MOJIENb C M3JIOMOM TpeHjaa B KoHie 1998 — navane 1999 r.,
CBSI3aHHBIM C (PMHAHCOBO-2KOHOMHYECKUM Kpu3zucoMm 1998 rona.

Ecnu npeanonaraTe, 4TO U3JI0M TPEH/IAa BBIPAXKAETCsl B U3BMEHEHUH €r0 HAKJIOHA I10CJIE aBrycTa
1998 r., TO MBI MOEM OOPATUTHCS K CTATUCTUYECKOMN MPOLEYpe MPOBEPKU THIIOTE3bI €TMHUYHOTO
KOpHS, TPENJIOKEHHOM B ymoMsHyToi Bbimie pabore IleppoHa U COOTBETCTBYIOIIEH
OJITHOMOMEHTHOMY (BHE3aITHOMY) HW3MEHEHHIO HakioHa TpeHaa (AO wmomenp — MoOAeNb C
aJIUTUBHBIM BBIOPOCOM).

CornacHo 3ToWl mpouenype, ecim IB — MOMEHT CKadka, TO CHadajlla CJIEQyeT OLIEHUTh
CTaTUCTUYECKYIO MOJIENb

X, =u+pt+yDTS;+ u,,
B KOoTOpoil nepeMenHas DTS, paBHa ¢ — TB nns t > TB u paBHa 0 1y Bcex Qpyrux 3HaueHuil 7. B
pe3ynbTare OLEHUBAHHUS ATOM MOJENU IOJIy4aeM psJl OCTATKOB e, 3aTeM OLIEHMBAETCS MOJENb
perpeccuu e; Ha e;_| W 3ama3/bIBaloIUe Pa3HOCTU Ae ;1 ,..., Ae;_p:

p
er= e + ZCj Ae,,j + Ets
j=1
MOJTyYE€HHOE TIPU 3TOM 3HAU€HUE {-CTAaTHUCTUKU JJI MpoBepkH runotesbl Hyp: o = 1 cpaBHUBaeTcs ¢
KPUTHUYECKHM 3HAYEHHEM W3 TaONUIlbl, IpUBEIEHHOW B cTaTthe [Perron, Vogelsgang (1993), ctp.



249]). B nmpaByro yacTh OLIEHMBAEMOW CTaTMCTUYECKOM MOJEIM CIEAyeT BKIIOYATh JOCTAaTOYHOE
KOJINYECTBO 3ala3fbIBAIOIINX Pa3HOCTEH, YTOOBI MCKIIOYUTh aBTOKOPPEIMPOBAHHOCTh OMIMOOK B
pAacCIIMPEHHON MOJIEIIH.

B namem cnywae 7B = 42, uro coorBerctByeT 1998:08. B mpaByro yacTe ypaBHEHHs IS
OCTaTKOB MPUXOJIUTCS TOMOJTHUTEIBHO BKIIIOYATh 12 3ama3[pIBarolIMX pa3HOCTEH, T.K. nHave (pu
11 pasnoctsix) monmyuaeM P-3nauenue kputepus bpoiima-I'ondpu (¢ AR(1) anprepHaTHBOIA),
paBaoe 0.0002 wu yka3pIBarollee Ha AaBTOKOPPEIMPOBAHHOCTH OCTAaTKOB. /[l TMOBBIIIEHUS
MOITHOCTH KpUTepHsl, ucnonb3ys crpareruto GS (“ot oOmiero k yactHomy”) U kputepuii [lIBapua
SIC, ocymiecTBUM peayKIMIO MOJENIH, IOCIEA0BAaTENbHO HCKIIIOYash U3 HEE  3ala3/blBalolue
Pa3sHOCTH CO CTAaTUCTHYECKH He3HauuMbIMU (Ha 10% ypoBHe 3HaUMMOCTH) KO3 (UIMEHTaMH.
Pe3ynpTarsl Takoi ociieJ0BaTeIbHON PENYKLNU CBEACHBI B CIEAYIOIIYIO TaOIUILY

Iopsinok 3ana3abIBaHUS SIC P-val P-val |P-val |t-cTaTHcTHKa
HCKJII0YaeMOi pa3HOCTH LM-aBToxkopp. White |J-B KpuTepus
Ileppona

— (monHas Mozels ¢ 12 22.236 |1-0.983 0.701 |0.281 |-1.92

3ama3pIBAIONIMMHU PAa3HOCTSIMH) 2-0.967

8 22.157 -2.27

11 22.089 -2.60

10 22.018 -2.90

9% 21.986 |1-0.590 0.372 10.223 |-3.27
2-0.844
3-0.954

4 21.974 0.040 -2.78

5 21.935 0.035 -2.59

3 21.898 0.016 -2.22

1** (Be10Op Mo GS) 21.837 0.006 ]0.518 |-2.04

7 21.834 0.002 10.184 |-1.37

6 21.793 0.008 [-1.31

2 (Be16op 1o SIC) 21.782 0.006 |-0.92

B mepBom cronbue TaGnuIel yKa3aHbl MOPSIKU 3ara3/IbIBaHUs PAa3HOCTEH, MOCIIEI0BATEIHHO
UCKJIIOYaeMbIX M3 IPAaBOM YacTH OLIEHMBAEMOH CTAaTUCTUYECKOM MOJEIM. 3amna3ablBarolas
pPa3HOCTh MCKIIOYACTCS W3 YpaBHEHHs, €CIH KOX(PQPHUIMEHT TPU 3TOH Pa3HOCTH NPU3HACTCS
CTaTUCTUYECKU HE3HAYMMbIM Ha 10% ypoBHE 3HAUMMOCTH.

Bo Bropom cronbue mpuBeneHbl 3HaueHHs wuHMopmamuoHHoro kputepus IlIBapma (SIC),
COOTBETCTBYIOINE PELYLIMPOBAHHBIM MOJEIISAM.

B TPETHEM cToJo1e IIPUBEICHBI P-3nauenus (P-values) LM-xpurepus
aBTOKOppenupoBaHHOCTH ommnbok bpoitma-I'ondpu. Ludpel, npeasapsiomue 3Tu P-3Ha4YeHUS,
YKa3bIBalOT Ha [OIMYyCKaeMblil (IpU anbTepHATHBE) MOPSAJOK aBTOPETPECCHOHHOW MOJENH IJIs
OLIMOOK B peyLIUPOBAHHOM yYPaBHEHHH.

B dgerBeprom  cronbume — mpuBeneHbl — P-3HaueHus — kpurepus  Yaiita  (White)
reTepOCKeAACTUYHOCTH OLUIMOOK.



B msiTom cTonOrie mpuBeneHsl P-3HavueHHs KpuTepus Jarque-Bera 1u1st mpoBEepKU HOPMAITBHOCTH
pacmpezeneHus OmmnooK.

B mocnemnem cronOue TaOnWMIbl TPUBEACHBI 3HAYCHHS f(-CTATHCTUKU (PacIIMPEHHOTO)
kputepus uku - Oyiepa, MoinyyaeMol MpU OLIGHWBAHWU COOTBETCTBYIOIIEH penylMpPOBAHHON
(MM TOJTHOM ) MOJIEIH.

[Tpu peaykuuu Mozaenan METoAOM “oT obmiero k yactHoMy” (¢ 10% ypoBHEM 3HAYMMOCTH) U3
pacmMpeHHOH Mojaenu ¢ 12 3ama3AbIBalOUMHU  PA3HOCTSAMHU IOCJIEOBATEIBHO YIAJISIOTCS
pasHocTH, 3anazapiBatoniue Ha 8, 11, 10, 9 equnu BpemeHn (MecsieB). ITO MPUBOJIUT K MOJIEIH,
co/iepKalieil B MpaBoil 4acTH pa3HOCTH, 3amasfpiBaiomme Ha 1 — 7 U 12 mecses; pe3yabTaThl
OLICHMBAHMUS OSTOW MOJENU NPUBEJEHBI B CTPOKE TaONMIIBI, OTMEYEHHOH 3Be3moukoi. Ecmum
NPOJO/DKATh  PEAYKIMIO, OTOpachiBasl —3ama3[bIBAlONIMNE PA3HOCTH ¢  KoddumeHramu,
CTaTHCTUYECKU He3HauyuMbIMU Ha 10% ypoBHE, TO OCTaHOBKA MPOUCXOAUT HAa MOJEIH, PE3yIbTaThl
JUIsL KOTOPOM HaXoAsTcs B CTPOKE, OTMEUEHHOM 1ByMs 3Be3fqoukamu. Kputepuii [lIBapiia BeiOupaer
MOJIeJIb, PE3YJIbTAThI OIICHUBAHMS KOTOPOI MPUBEICHBI B TOCIEAHEM CTOJIOIE TaOIHIIbI.

[TockonbKy OTKJIOHEHHSI OT HOPMAaJIbHOCTH, HEKOPPETUPOBAHHOCTH M TOMOCKENACTUYHOCTH
MOTYT OTpakaTbCsd Ha KPUTHUECKHUX 3HAUEHUSX CTATHCTUKH KPUTEpPHUs, TO B 3TOM OTHOIICHHH
MPENNOYTUTENIBHEE MOJENIb, pPE3YyJbTaThl Ui KOTOPOM NpPHUBEAEHBI B CTPOKE, IOMEUEHHOMU
3BE3I0YKOH.

ACHUMIITOTUYECKUE KPUTHUYECKUE 3HAYEHMs CTAaTUCTUKM Kputepus IleppoHa 3aBUCAT OT
MOJIOKEHUSI MOMEHTa M3JIoMa Ha WHTepBaje HaOmoaeHuit yepes mapamerp A = TB/T, tne TB —
MOMEHT, HENOCPEACTBEHHO IIOCIE KOTOPOrO IPOMCXOAMT H3JIOM TpeHAa, a I — KOJUYECTBO
HaOmoennii. B Hamem ciydae A = 42/62 = 0.667. CootBercTByIomniee 5% KPUTUIECKOS 3HAUYCHUE
(mpu cAenaHHOM MPENOJIOKEHUU O BHE3aITHOM M3MEHEHUU HAKJIOHA TPEH/A) 3aKII0UYEHO MEXIy
3HaueHusMu —3.94 (st A= 0.6) u —3.89 (mia 4=0.7). ['unore3a eTMHUIHOTO KOPHS HE OTBEpracTcs
HU B MOJIHOW MOJIENIM U HA B OJTHOW U3 PEAYIIUPOBAHHBIX MOJEIIECH.

OTMeTuM TakXke, 4TO MOMEHT u3iioMa TpeHnaa 1998:08 Obut BbIOpaH HaMU HAa OCHOBAaHUM YXKe
uMemIeics: uHbopMammu 00 aBrycToBCKoM Kpusuce 1998 r. um BuU3yalmbHOTO OOpamieHus K
rpaduxy psga M1. Mexay Tem, BBIOOp JaThl M3710Ma TPEH1a HA OCHOBAaHUM aHaiM3a rpaduka psaa
BIUSET Ha KPUTHUECKHE 3HAUCHUS [-CTaTUCTUKU KPUTEPUS EAMHUYHOTO KOPHSI.

6.10.2. O6o061eHHas nponeaypa Ileppona

Ananusupys pesyibtaThl [leppona B oTHomeHuu 14 makposkoHomuueckux psanoB CHIA, psg
aBTOPOB 3aJajcs BOINPOCOM O BIMSHUM METOJa JATUPOBKM Ha KPUTHYECKUE 3HAYCHUS
COOTBETCTBYIOIIMX CTaTUCTUK. B pabdote [Zivot, Andrews (1992)] Ob110 00paiiieH0 BHUMaHHUE HA
TO, YTO MPHU paccMOTpeHUH nocieBoeHHoro GNP B kauecTBe naThl CTpyKTypHOro casura Ileppon
B3su1 BTOpoM kBapran 1973 1. (YTO COOTBETCTBYET MHPOBOMY TOIUIMBO-YHEPIE€THUECKOMY
Kkpusucy). M 3T0 MOXHO ObulO OBl CYMTATh 3K30TE€HHBIM BBIOOPOM, IIOCKOJBKY pellIeHHUE
pUHUMaJIoCch MexayHapoaHoi opranuzanueit (OIIEK). OnHako B mOCIEBOEHHBINH NEPUOA UMENH



MECTO W TaKue KpyIHbIe COOBITHS, Kak CHWXeHue HaioroB (1964 r.), BoitHa Bo BrerHawme,
¢bunancoBoe pasperyiupoBanue B 80-¢ roapl. Tem He MeHee, [leppoH B3s7 32 TOUKY CHBHUTa
uMeHHo 1973 r., oOpamasce npeaBapuTenbHO K mnosefaeHuto psga GNP. A ecnu 310 Tak, TO
HapylIaeTcs yCIOBUE, COTJIACHO KOTOPOMY CTaTUCTUYECKHE TUIoTe3a POPMYITUPYIOTCS 0 TH000T0
(maxke BH3yaJbHOIO) aHajM3a JaHHBIX, HA OCHOBAHWU KOTOPBIX NPUHUMAETCS pelieHue 00
OTKJIOHEHHH WM HEOTKJIOHEHHH HyJeBoi rumotes3bl. C 3Toil Touku 3peHus, kpurepuit [leppona,
npeasioxkeHHbd B padote [Perron (1989a)], siBisieTcst yCIOBHBIM, NMPU YCIOBUHU, YTO TOYKA CMEHBI
peXMMa U3BECTHA.

Bwmecto ycmoBHoro kpurepusi Ileppona, Zivot m Andrews TpeIOKIIN HCIIOIH30BAThH
0€3YCIOBHBIA KpUTEpHH (OTHOCSIIMNCA K MHHOBAIIMOHHBIM BBIOpOCaM), B KOTOPOM JaTHPOBKa
TOYKM CMEHBl pEXUMa MPOU3BOAMUTCA B ‘“‘aBTOMAaTHUYECKOM peEXHUME’, MyTeM mepedopa Bcex
BO3MOXXHBIX BapHaHTOB JAaTUPOBKH M BBIUMCICHHUS Ui KaXXJAOTO BapuaHTa JaTUPOBKH  I-
CTaTUCTUKU [, N7 mpoBepku runore3sl Hy: o = 1; B kauecTBe OLICHEHHOH NaThl Oepercs Takas
(fmin), UIS1 KOTOPOM 3HAYEHHE [, OKA3bIBAECTCA MUHUMANbHBIM. K uemy 310 mpuBoaut?

Bosemem, nnsi mpumepa, psg, npencraBismommii 3aHsTocth (1890 — 1970). Ortor psag
uccinenyerca B [Zivot, Andrews (1992)] B pamkxax mozaenu (A) (cm. Beiie Mogenu A, B, C), Ho
TOJIbKO 0€3 BKJIIOUYEHHUS B MpaBylo 4acTb nepemeHHod DTB; . IleppoH s Bcex psaoB, Kpome
nociaeBoeHHoro GNP, onpenenun B kayecTBe TOYKM CcMeHbl pexxuma 1929 r. (Benukas
Henpeccust). [y psiia 3aHATOCTH 3HAYEHUE [, IUIS 3TOTO rojaa paBHo t, = —4.95, TB =40, A =
40/81= 0.49. Ilpu Takom 3HaueHun A Kpurudeckoe (5%) 3HaueHue i f, TPUOTMKEHHO PaBHO —
3.76, Tak 4TO TUINOTE3a €AMHUYHOrO KOpHS orBepraerci. C Opyrodl CTOPOHBI, BBIIOJIHSSA
yKa3zaHHBIN niepebop, Zivot u Andrews monydmiu Ty ke AaTupoBKy (1929 1.), Tak 9TO fmin = —
4.95. 3HaueHue  (-CTAaTHUCTHKKA HE U3MEHWIOCh. OIHAKO pachpenereHUue CTAaTUCTHKUA  fmin
OTINYAETCA OT PACHpENENICHUs CTaTUCTUKU ¢, Ui (DUKCHPOBAHHOTO Toaa: 5% KpUTHUYECKOe
3HAYEHUE IS tmin PABHO — 5.26. IIOCKONBKY fmin = — 4.95 > — 5.26, runore3a eTUHUIHOTO KOPHS
(Ho: o = 1) Teneps He oTBEpraercs.

AHaJIIOTUYHBIA aHaMU3 JUIs OCTAJIBHBIX PsioB W3 paboTsl Henbcona u [lmoccepa mpuBoauT K
CIEAYIOIMM pe3yibTaTaM. [ 'Mmore3a eIMHUYHOTO KOpHS He oTBepraercd s 11 w3 14 psanos.
HckimoueHne cocTaBisoT peainbHblii 1 HOMUHAIbHBI GNP (rofgoBble JaHHBIE) U POMBILIUIEHHOE
npou3BoACTBO (1986 — 1970). 1 310 00BACHSAETCA KOHCEPBATUBHOCTHIO KPUTHYECKUX 3HAYCHHI
IpU SHAOTCHHOW JaTHpOBKe (MyTeM miepedopa): Nmpu 3aJaHHOM 3HAYEHMH A TOCIeTHHE
CYILLIECTBEHHO HUKE KPUTUYECKUX 3HAUEHUH, COOTBETCTBYIOUINX AK30M€HHON JaTUPOBKE.

Crnenyer, BImpouyeM, 3aMETHTh, YTO NpPU OLEHUBAHUU YpaBHEHUH Uit HOMHHAnbHOro GNP,
HOMMHAJILHOM 3apabOTHOM IIaThl U OMPKEBOTO Kypca OOBIKHOBEHHBIX aKIUN psAIbl OCTATKOB
UMENH CIUIIKOM OOJbIHe 3HaueHUs Kodpduimenta nukooOpazHoctu — Kypmo3suca (kurtosis):
5.68, 4.658, 4.324, ropopsiMe HE B MOJIb3y MPEANOJIOKEHUSI O HOPMAIBbHOCTH WHHOBAILIMH, MPU
KOTOPOM OBUIM TOJTyYeHBbl KPUTHUECKUE 3HAUYEHUS CTATUCTHKH Ifmin . (KypTo3uc pacnpeneneHus
orpejesnseTcss Kak OTHOUICHHE YETBEPTOro IIEHTPAIbHOIO MOMEHTa paclpeiesieHus] K KBaJapary




qucriepcnn.  JIs  HOPMAIbHOTO — PAamlCpesielieHHss — 3HAYCHHE  KypTO3MCAa  PaBHO  3.))
[lepemonenupoBaHie KpUTHUECKUX 3HAYEHUH C MCIOJIB30BAaHHEM (BMECTO HOPMAJIbHOIO)
pactipenenenusi CThIOJIEHTAa C TMOAXOISMIIAMH YHCIaMH CBOOOJBI Jajo Ui STHX TPEX pSJIOB
cnenyromue 5% kpurndyeckue 3HadueHus:: — 5.86, —5.81 u — 5.86 (nmpotuB — 5.38, — 5.33 u —
5.63, COOTBETCTBEHHO). 3HAYCHUSI CTATUCTUKU frin JUIS 3TUX PsiioB paBHBI — 5.82, — 530 u —
5.61, uTO, B 001IEM, IPAKTUYECKH HE U3MEHSAET CTATUCTUYECKUX BBIBOJIOB.

Hakonen, ecnu mpeanosiiokuTb, YTO PacCHpelesICHNE WHHOBAIMM MMEET HACTOJIbKO TSKENbIe
XBOCTBI, UTO D(&) = 00 , TO KPUTHYECKHE 3HAYEHUS CTATUCTHKU Imin YMEHBLIAIOTCA CTOJb
3HAYUTEIBHO, YTO OTBEPrHYTh THIIOTE3Y EIAMHUYHOTO KOpHSA Ha 5% YpOBHE 3HAYMMOCTH
CTaHOBHTCS HEBO3MOXKHBIM HU JUJIsl OTHOTO Psijia.

[leppon BepHyscs K MpobOieMe MPOBEPKU THUIOTE3bl €IWHUYHOTO KOpHS B pabote [Perron
(1997)] wu, pasBuBas pe3ynbTarhl Zivot, Andrews, ucClIeOBal 3aBHUCHMOCTh KPUTHYECKHX
3HAYEHUI CTATUCTUKU Ifmin OT BHIOOpA KOJMYECTBA 3ala3/bIBAIONINX Pa3HOCTEH, BKIIIOUAEMBIX B
MpaBble 4acTH OlleHWBaeMbIX ypaBHeHmid. [Ipm stom Ileppon pabotan ¢ moxensmu (A) u (C),
CoJIep>KalllMMH B MPaBbIX YacTAX (B oTiinuue oT Zivot, Andrews) nepemennyio DTB; .

Mertonuka, pazpaborannas B [Perron (1997)], peanm3oBana B Buzae npoueaypsi PERRON97 B
nakere craructudyeckoro ananm3a RATS.

[Ipn stom paccmarpuBarorcs mMozaenu 101l — ¢ MHHOBAIMOHHBIM BBIOPOCOM C M3MEHEHUEM
noctosiHHOH, 102 — ¢ ”HHOBAIIMOHHBIM BEIOPOCOM, H3MEHSIOUINM M MIOCTOSIHHYIO U HAKJIOH TPEH/IA,
AO — ¢ aIIUTUBHBIM BBIOOCOM, N3MEHSIFOIIIUM TOJIEKO HAKJIOH TPEH/A.

[TpemycMOTpeHbI TpU METOa ONITUMATBHOTO BEIOOPA JaThl U3JIOMA:

UR — 10 MUHUMYMY {-CTaTUCTHKHU KPUTEPUS AJIs IPOBEPKU THIIOTE3bI & = 1;

STUDABS — no makcumMyMy aOCOJIOTHON BEIMYHMHBI /-CTATUCTHUKUA KPUTEPHUS IJIS MPOBEPKHU
THIIOTE3bl O PABEHCTBE HYINIO Ko3(duumeHTa npu HEepeMEeHHOH, OTBeYalomell 3a HW3MEHEHHE
koHcTaHTHI (B Mozenu [01) ninm 3a n3mMeHeHue HakiioHa TpeHa (B mojaenu 102);

STUD — nmo MUHUMYyMY {-CTaTUCTUKUA KPUTEPHUS ISl MIPOBEPKU TUIIOTE3BI O PABEHCTBE HYIIIO
ko2 unmeHTa nmpu MepeMeHHOM, OTBEYaroIeH 3a n3MeHeHne KOHCTaHThl (B Mojenu 101) wim 3a
W3MEHEHHUE HakJIoHa TpeHa (B moaenu 102);

[Ipu mnpakTUyeckoil peanu3alMyU KpUTEpUs OOBIYHO HECKOJIBKO OTPAHMYMBAIOT HMHTEPBAJ
BO3MOXXHBIX JIaT H3JIOMa, YTOObl HCKJIIOYMTH CIUIIKOM pPaHHUE WIM CIWIIKOM TO3JHUE JaThl
u3J0Ma.

> B OTEUECTBEHHOH JIMTEpaType B KAauecTBE XapaKTEpPHCTHKM MHMKOOOPA3HOCTH pacipeeeH s Yalle MCIOJb3yeTcs
KoIppuyuenm xcyecca x = (Kyprosuc — 3), paBHbIil 0 11 HOPMAJIBHOTO pacnpeeneHns. Mbl OpHEHTHPYEMCS 31eCh
Ha KypTO3UC H3-3a TOI'0, YTO B pacricHaTKax pe3yJibTaTOB, MOJTYy4Ya€MbIX NPHU MPUMCHCHHU MaKETa CTaTUCTUYCCKOI'O
anammza ECONOMETRIC VIEWS, npuBosTcss UMEHHO 3HaYeHHs (OIIEHEHHOT0) KypTO3Hca.



[pumep (npopomxenue npumepa ¢ psigom M1)

Jlig yuera BAMSIHMS AATHUPOBKU IIPU IPOBEPKE TUIOTE3bl €JUHUYHOTO KOPHS B MOJEIX,
JOIMyCKAIOLUX CTPYKTYpHOE HM3MEHEHHE, BocmosibdyeMcs mnpouenypoili PERRON97 u3 makera
cratuctudyeckoro asanusa RATS, peanmusyromeil METOOUKy, NMPHUBENECHHYIO B crarbe [Perron
(1997)]. HWmes B Bumy mOpenplaylIue pe3ysbTaThl, OTPAHHYUM MaKCHMaJIbHOE 3arla3/IbIBaHHe
Pa3HOCTEN, BKIIIOUAEMBIX B IIPABYIO YacTh OLICHMBAEMBIX YPaBHEHHM, TPUHAILATBIO.

CHayania paccMOTPUM MOJIEJIb, JOMYCKAIONIYI0 CIBUT TPACKTOPUHU U U3MEHEHHE HAKJIOHA TPEHJA B
¢dopme nHHOBanmMoHHOro BbIOpoca (10). Pesynbratsl mpumenenus npoueaypbsl PERRON97 nns
9TOW MOJEIH TAKOBBI:

break date TB = 1999:07; statistic t(alpha=1) = -3.34124

critical values at | 1% 5% 10%
for 70 obs. -6.32 -5.59 -5.29
number of lag retained : 12
explained variable : M1
coefficient student
CONSTANT 124786.79561 3.33345
DU -2506239.31872 -3.77751
D(Tb) 40455.79442 2.72347
TIME 9769.03708 3.44839
DT 23866.02686 3.78217
M1{1} -0.91050 -1.59235
3mech

DU,=1 gnsa >TB u DU,=0 ana Bcex Apyrux 3HAYCHHUH 1

D(Tb),=1 nnsa t=TB+1 u D(Tb),=0 nns Bcex Apyrux 3HaAUCHUH 1 ;

DT=¢ nna t>TB u DT~=0 nns Bcex npyrux 3HaueHUil f;

(M1{1}),=M1,,.

(3amMeTuM, YTO MPHU MOCTYJIMPOBAHUM HHHOBAIIMOHHOTO BHIOpOCAa OICGHWBAHWE PErPECCHOHHOMN
MOJIETIM TpPU KaXXJAOW HUCHBITHIBAEMOW JaTe MPOM3BOAUTCS B OJMH J3Tal — B MpPaBYK YacTh
PErpecCMOHHON MOJEeNM B KadyeCTBE OOBSICHSAIOIIMX BKIIOYAIOTCS Cpa3y Bce O MEpPEeMEHHBIX:
CONST, DU, D(Tb), TIME, DT u 3ana3nsiBatoriast Ha OAuH Iiar nepemenHas M1{1}.)

[Ipouenypa PERRON97 onpeznenser B 3ToM ciaydyae naty usiaoma kak 1999:07, eciau BbIOOD
JaThl U3JI0MAa OCYIIECTBIISAECTCA MO MUHUMYMY /-CTATUCTUKU KPUTEPHUS €IUHHUYHOTO KOPHS f4-1,
B3SITOMYy II0 BCEM BO3MOXKHBIM MOMeHTaM wu3ioma. [Ipu atom 7,-1 = — 3.341, uto BbILIE 5%
KPUTUYECKOTO YPOBHSA — 5.59, u rumore3a eAMHWYHOTO KOpHA He oTBepraercs. HamOombiee
3ama3/ibIBaHue Pa3HOCTEH, BKIIOYAEMBIX B IMPaBYIO 4YacTh ypaBHEHUH, BHIOMpaeTcs paBHbIM 12 B
pamkax npuMeHeHus npouenypsl GS nis penykuuu Mmoaenu ¢ 10% ypoBHEM 3HAUUMOCTH.

Ecnu BbIOOp naThl M3JI0Ma OCYIIECTBISETCS IO MaKCHUMyMy aOCOJIOTHOW BENUYMHBI f-
CTaTUCTHKH Il Kodpdummenta d mpu nepemenHoin DT, oTBeuaromield 3a W3MEHEHNE HAKJIOHA
TpeHna, To Beioupaerca 1998:04. Ilpu stom #,-; = — 0.547, uTo BbILIE 5% KPUTUUECKOTO 3HAUCHUS
—5.33; runore3a eqMHUYHOTO KOpHS He oTBepraercs. (HaubomnpIee 3ama3apiBaHue pa3HOCTEH 31€Ch




ymenbInaercs 1o 11). Hakonen, eciu BBIOOp AaThl M3JI0Ma TPEHJA OCYLIECTBIISETCS 10 MUHUMYMY
{~-CTaTUCTUKU KPUTEPHUS [UIsi TPOBEPKHM THUIMOTE3bl O paBEHCTBE HYNMIO KkoddduiueHnta mpu
nepemenHoit DT, oTBeuaromeil 3a M3MEHEHUE HAKIIOHA TPEHIA, TO BhIOMpaeTcs onsath 1998:04 ¢
TEM K€ BBIBOJIOM O HEOTBEPKEHHUH TMIOTE3bI eNMHUYHOTO KOpHs (UR-rumoressr).

PaccmoTtpuM Teneps Moienb, JONYCKAIOUIYIO0 TOJIbKO W3MEHEHHE HAKJIOHA TpeHAa (6e3 casura
TpackTopuu) B (opme amautuBHOrO BBEIOpoca (AQ). Pe3ynpTarhl mpuMeHEHHUS MPOIEAYpPbI
PERRONO7 nss 3TOM MOJI€IH TaKOBBI:

break date TB = 1999:02; statistic t(alpha=1) = -3.59417

critical values at | 1% 5% 10%

for 100 obs. -5.45 -4.83 -4.48

number of lag retained : 12

explained variable : M1

coefficient student
CONSTANT 104939.65455 20.48279
TIME 4832.56930 26.73200
DT 14335.07564 21.11189
M1 {1} -0.75752 -1.54915

(3ameTum, 4TO MPH NOCTYJIUPOBAHUU aITUTHBHOTO BRIOPOCA OIICHHUBAHHE PETPECCUOHHON MOJEIH
MPU Ka)XJ0M MCIBITHIBAEMOM J1aT€ NMPOU3BOJIUTCS B JiBa dTana. Ha mepBoM Iiare B MpaBylO 4acThb
PErpecCHOHHOM MOJENH B KauyecTBE OOBACHSIOIIUX BKIIOYArOTCS Tolbko nepemeHHble CONST,
TIME, DT; B pe3ynbrare OLEHUBAaHMS 3TOW MOJEIN MOJIy4aeM psAll OCTAaTKOB e; . Ha BTopom 1miare
OLIEHMBAETCS MOJETb PETPECUN €, HA €, W 3ala3/bIBaloNINe pa3HOCTH Ae_1,...,de_p).

JlaTpoBKa MOMEHTA M3JI0Ma OCYIIECTBISETCS IO MUHUMYMY CTaTUCTHKHU f4=) JUISI TIPOBEPKHU
THIIOTE3Bl O paBeHCTBe | KoaddumenTa npu e, — | B mocneaHeid monenu. [lpu stom nata uzmoma
onpenensiercs kak 1999:02, f,-1= — 3.594 (ucnonp3yrorcs 12 3ama3gpiBaroniux pasHocteit), 5%
KpUTHUYECKOE 3HaueHHue paBHO — 4.83, Tak yto UR-runoresa He 0TBEpraercs 1 B 3TOM Cllydae.

3aMeTuM, 4YTO pachpesesieHne OIMOOK HUMEeT B IMOCIEAHEeN CHUTyaluu pacrpeaeieHue,
OTJIMYAIOIIEECs] OT HOPMAaJbHOTO: OLEHEHHBIH KOA(QQHUIMEHT NMUKOOOPAa3HOCTU paCHpeneNieHHs —
KypTO3HUC — MpeBbIIaeT Ha 1.626 3HaueHHE KypTO3MCa HOPMAJIBLHOTO PacIpeeeHus, paBHOTO 3.
Kak cnenyer u3 paboter [Zivot, Andrews (1992)] (MBI 3TO yXe OTMEYalu paHee), B TAKUX
CUTYalUsAX KPUTUUYECKHE YPOBHU CIBUTAIOTCS B CTOPOHY OOJIBLIMX OTPHUIATEIbHBIX 3HAUEHUH, TaK
YTO €CJIM UCIOJIb30BaTh CKOPPEKTHUPOBAHHBIE HA HEHOPMAJILHOCTh KpUTHYeCcKue ypoBHHU, TO UR-
TUIoTe3a He OyJeT OTBEprHyTa TeM Ooiee.

[IpuBenem 3nmech Juisi MOMHOTHI UTOTH aHanu3a psga M1 Ha untepBane 1995:06 mo 2000:07,

MPOBEJCHHOTO B paboTe [DKOHOMETPHUYECKHWH aHaIW3 JAWHAMHUYECKUX psagoB ... (2001)].
Pe3ynbpTaThl NprMeHEHUs pa3InYHBIX MPOIIETYP CBEJCHBI B OJIHY TAOJIHILY.
Hcnonb3yemas npoueaypa (Kpurepuii) Hcxonnas (HyJieBasi) runoresa
DS TS
Kputepuii Juxn - @ymepa (pacmpeHHbIH) He otBepraercs
Kpurepuit @uunca-Ileppona He otBepraercs
Kputepuit DF-GLS He otBepraercs




Kpurepuit KPSS | OrtBepraercs
OtHomenune aucrnepcuii Koxpetina B nmons3y DS

Kpurepuii [Teppona He oTsepraercs

(?K30TE€HHBIN BRIOOP ATl H3JI0Ma TPEHA)

O0606mmennbIit kputepuii [leppona He otBepraercs

(oHOreHHBIH BBIOOP JIaThI N3JIOMA TPEHA)

CraTucTHuecKHe BBIBOJBI, IOJIyYEHHbIE IPU TNPUMEHEHMM BCEX IEPEUYUCICHHBIX B TaOiuLe
IpOLEeyp, COINIACYIOTCA MeX1y coOoi: HyneBas DS-runores3a He oTBepraercs, TOrAa Kak HyJeBas
TS-runoresa oTBepraercs; MoBeACHUE OTHOLIEHUS nucnepcuil KoxpeiiHa Takke rOBOpPUT B MOJIb3Y
DS-runoressr.




maBa 7. PerpecCMOHHbIN aHanNu3 gnfa HecTauMoOHapHbIX
00 BACHAKLWMNX NepeMeHHbIX

7.1. lfpobnema noXHoU peespeccuu

Msbl HauHeM O0OCyXJeHUE C MPOOTEMBl J10MHCHOU ((PUKMUBHOI, RAPAZUMHOU — SPUFiOUS)
perpeccum.

OOpatuMcs B 3TOM CBSI3U K CIENyIOIEMY pUMepy, KOTOPBIN ObLT paCCMOTpPEH paHee B paboTe
[Hocko (2000)].

[Ipumep
Paccmotrpum aumHamuky usmeHeHwil B nepuoa ¢ 1957 mo 1966 roasl Tpex COBEPILIEHHO

Pa3IUYHBIX 110 IPUPOJE NoKa3aTesnel: E - cyMMapHOro Mpou3BoACTBa AiekTpo3nepruu B CHIA (B
MIIpA KBT-4ac), C - COBOKYIHBIX NMOTPEOUTENBCKUX pacxonoB B Taiimanne (B mapa. 6at) u H -
MHUPOBOTO PEKOpJa Ha KOHEIl ToAa B NPBDKKAaX B BBICOTY C IIECTOM CPEAM MYXYUH (B CM).
3Ha4yeHus ATUX [TOKa3aTeseil MpuBeIeHb! B Cleayolei Tabuuie:

I'om Ilorpedaenue Ia.sHeprus CILIA Mup.pexopa

Taitaang MJIPJ KBT-4ac (MPBIKKHU € IECTOM)

MJipa 6at cM
1957 349 716 478
1958 35.9 724 478
1959 37.9 797 478
1960 41.1 844 481
1961 43.5 881 483
1962 46.7 946 493
1963 48.9 1011 520
1964 52.0 1083 528
1965 56.1 1157 528
1966 62.6 1249 534

I[I/IHaMI/IKa W3MEHEHMH MMoKa3aTelel IoKa3aHa Ha rpa(bHKe:



1400
1200
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800 pekopa
600 —i— lNoTpebneHne
400 TannaHg
200 —2— On.aHeprus
0 CLIA
1 3 5 7 9

[To 5TUM MaHHBIM MBI MOKEM (POpMaIbHO, UCIIOJIB3YSI METOJ] HAMMEHBIIINX KBaJIPaTOB, MOA0OpaTh
MOJENN JIMHEWHOW 3aBUCUMOCTH Ka)XXJOr0 M3 TpeX MOKas3aTeleld OT KaXKIOro M3 OCTaJIbHBIX
nokaszaresyieid. 9To IPUBOIUT, HAIPUMEDP, K MOACIISIM

E=-26255+7131H, R’ =0.900;

C=-12930+0350H, R’>=0871;
E= 2390+19.950C,  R*=0.993;

C=-0.860+0.0498E, R’ =0.993.

(3ameTuMm, KCTaTW, YTO NPOM3BEACHUE YIJIOBBIX KO3(PHUIMEHTOB IBYX MOCIEIHUX MPIMBIX,
COOTBETCTBYIOIIMX MOJETSIM JIMHEHHON CBSI3M, B KOTOPBIX  OOBSACHAEMas M OOBACHSIONIAS
nepeMeHas MeHsTca Mectamu, paBHO  19.950-0.0498=0.993 u coBmagaer co 3HaYEHHEM

K03(uIMeHTa feTepMUHALIMKE R B 3THX JBYX I0J00PAHHBIX MOJIEINSX.)

Mpl BUAMM, YTO BO BCEX MOAOOPAHHBIX MOJEINAX 3HaYeHHUs Kod(huUueHTa AeTepMUHALMU
BEChMa BBICOKHU, B 3TO (OPMaTbHO O3HAYAET, YTO U3MEHUYMBOCTh “‘O0BSICHSIONINX ~ MEPEMEHHBIX B
OTUX MOJEISIX COCTABJISIET 3HAYMUTEIBHBIA TMPOIEHT OT WM3MEHYUBOCTH “‘O0BsICHAEMON”’
NEePEMEHHOM, CTOAILEH B JIEBOM YyacTu ypaBHeHUs. OJIHAKO, BPsIJI JIU Mbl BCEPbE3 MOXKEM I10J1araTh,
YTO JWHAMHUKA pPOCTa CYMMAapHOTO Npou3BojacTBa 3jekTpodHeprun B CIIA pelicTBUTENBHO
O0BSICHACTCSI TUHAMUKON pPOCTa MHUPOBOI'O PEKOPAA MO MPBDKKAM B BBICOTY C IIECTOM, HECMOTPS
Ha BeIcoKoe 3HaueHue 0.9 ko3 duirenrta geTepMUHaIMK B IEPBOM U3 YETHIPEX YPaBHEHUH.

B curyanusx, momoOHBIX IOCIEAHEMY NpUMEpPYy, TPUHITO TOBOPUTH O  PUKMUGHOI
(1001cH011, napazumnoil - spurious) TMHENHON CBSA3M MEXy COOTBETCTBYIOLIUMHU I10KA3aTEISIMU.
N Takue cuTyanuu 4acToO BCTPEYAIOTCS MPH PACCMOTPEHHM MOKa3aTesleHd, NMHAMUKAa W3MEHEHHM
KOTOPBIX OOHAPYKUBACT 3aMETHBIN TpeH I (YObIBaHUE WM BO3pACTAaHHUE) - UMEHHO TAKOH XapakTep
UMEIOT UCCIIEAyeMbIe TIOKa3aTeNN B TIOCICIHEM IpUMEpE.

YroObl MOHATH, IOYEMY STO HPOMCXOJUT, BCIOMHHM H3BECTHOE COOTHOILIEHHE,
cBA3bIBalOliee KOO(QQUIMEHT jeTepMuHAIUMM R° W KBajpaT BHIGOPOYHOro Kod(pduIlHeHTa
KOPPEJSIIUHA MEXK]Ty IEPEMEHHBIMU y H X :




2 2
R =r, .
13 3T0ro paBeHCTBa BBITEKAET, YTO OJU3KHE K €IUHMLE 3HAUYCHHS KOXPPHUIHUEHTA JeTepMHUHALIH
COOTBETCTBYIOT OJM3KHUM TO a0CONIOTHOW BEIMYMHE K EIMHHUIE 3HAYCHUSAIM Kod(duuueHra

KOPPEISIHA MEXKTy IepeMeHHBIMH ¥ H X . Ho 3TOT K09 huItmeHT koppensun paBeH

I Cov(y,x)
. \/Var(y)\/Var(x) ’

rie

n n

Cov(y,x) =ﬁZ(yi _J_})(xi _)_C)a Var(y) :ﬁZ(yi _y)z )

n

Var(x) = ﬁZ(xi -x).

i=1
Ilpu pukcupoBanHbIX 3HaueHusx Var(x) u Var(y), 3Hauenue r, Oyzner Tem Oimxe K 1, uem

6onbiuM Oynet 3Hauenue Cov(y,x) > 0. Ilocnennee xe obecriednBaeTCsl COBINAICHUEM 3HAKOB
pasHoCTel y, —y W X, —X JUIsl MAKCUMaJbHO BO3MOXHOM [0 HAOIIOJCHUN IEPEMEHHBIX Y
U X, 9TO KaK pa3 U UMEET MECTO, KOT/Ia B Mpoliecce HAOM0IeHUsT 00e MePEeMEHHbBIE BO3PACTAIOT
uim obe mepeMeHHble YObIBaloT 1o BenmuuuHe. (B 3TOM ciywae mpeBbIICHHE OJHOW W3
MEPEMEHHBIX CBOETO CPEHETO 3HAUCHHUS COTIPOBOXKIACTCS, KaK MPABUIIO, U TPEBHIIICHUEM BTOPOI
MEPEMEHHOI CBOEro cpenHero 3HaueHus. HamporTuB, ecnu onHa M3 MEPEMEHHBIX MNPUHUMAET
3HAUEHUE, MEHBIIEE CBOEr0 CPEIHEro, TO M BTOpas MEpPEeMEHHAas, KaK IMPaBWIO, MPUHUMAET
3HaYeHHNE, MEHbIIEEe CBOETO CPEJIHETO.)

Amnanorn4seiM 00pasoMm, 3Hadenue r, Oyzner tem Ommke K —1, yeM MeHbMM Oyner

sHauenue Cov(y,x) <0 . Ilocnemnee >xe oOecreuMBaeTCs HECOBMAJIGHHEM 3HAKOB pPa3HOCTEH

Y, —y HM X, —X JaI1 MaKCUMaJIbHO BO3MOXHOM JTOJIM HAOJIOACHUH MEPEeMEHHbIX ) M X, 4TO
UMEeT MECTO, KOrjJa B TIpollecce HaOIOJCHHS OJHAa M3 MEPEMEHHBIX BO3pacTaeT, a BTOpas
yObiBaer. (B 3TOM citydae, ecim ofHA M3 NMEPEMEHHBIX NMPUHHMACT 3HAYEHHE, MEHBILIEE CBOETO
Cpe/IHero, TO  BTOpas MEpEeMEHHas, Kak IPaBWIO, NMPUHAMAET 3HAYeHHE, OOJIbIIee CBOCTO
CpeJlHero.)

W3 ckazaHHOTO cliemyer, 4To OJM30CTh K €AMHUIE a0CONIOTHOW BEJIMYMHBI HAOIIOIaeMOTO
3Ha4YeHHs KO3((UIMEHTa JeTepPMHUHAIIMM HE 00s3aTeNbHO O3HAYaeT HAJMYME MPUYMHHON CBS3U
MEXKIy JBYMs pacCMaTpUBacMbIMH MEPEMEHHBIMH, & MOXET SIBJIATHCS JIUIIb CICICTBHEM TPEHIIA
3HA4YEHHUH epeMEHHBIX.

IIpumep
CMopenmupyeM  peajqu3aliil  JBYX  CTAaTHCTUYCCKH  HE3aBUCHUMBIX  MEXKAY  COOOM

HOCHe,I[OBaTeJIBHOCTeﬁ &1t U & HC3AaBUCHUMBIX, OIWHAKOBO PACHPCACICHHBIX CHy‘I&ﬁHBIX



BEJIMYMH, HMMEIOIIMX CTaHAapTHOe HopMmaiibHoe pacnpenenenue N(0, 1). CmonenupoBaHHBIC
peanu3ali UMCIOT BH/T
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Ha nx ocHOBe nmoctponMm peanu3zanuio JuHernon mojaenu DGP
DGP: x=1+02¢+¢y,
1=2+041+¢ey,
U PACCMOTPUM PE3YJIbTaThl OLIEHUBAHUS CTATUCTUYECKOM MOJEIHN
SM: yt=a+ﬂxt+8t
110 CMOJIETTUPOBAHHON peaIn3alni.
I'paduiku psAOB X; U y; UMEIOT B 3TOM CJIy4dae BU]

25
20 4 N ,’\’/

15

R R R N R
O0a psi1a UMEIOT BhIPa)KEHHBIE JIMHCHHBIC TPEHIBI.

OrneHeHHasi CTaTUCTUYECKAs MOJICIb:
Dependent Variable: Y

Sample: 1 50

Included observations: 50

Variable Coefficient Std. Error  t-Statistic Prob.
C 1.553866 0.685771 2.265868 0.0280

X 1.800255 0.102997  17.47878  0.0000




R-squared 0.864218 Mean dependent var  12.22809
Adjusted R-squared 0.861389 S.D. dependent var 5.925326
S.E. of regression 2.206028 Akaike info criterion 4.459442

Sum squared resid  233.5948 Schwarz criterion 4.535923
Log likelihood -109.4860 F-statistic 305.5076
Durbin-Watson stat  2.150060 _ Prob(F-statistic) 0.000000

Ouenennple KOA(QPHUIIMEHTBI CTAaTUCTUYECKH 3HAYUMBI, KOA(DPUIIMEHT ACTCPMHUHAIIMN BBICOKH,
IIPOBEPKA Ha aJICKBATHOCTD HE BBIABISCT HAPYIIECHUN CTAHJAPTHBIX IIPEAIIOI0KEHUN KIIACCUUECKOU
JIMHEWHON MOJICJIH PETPECCUH.

BxirourM B mpaByl0 4acThb CTaTUCTUYECKONM MOJENM JIMHEWHBIN TpeHa. OlleHuBaHue

PpAaCLIMPEHHON MOJIEIIH IAET CICAYIOIIMUN PE3ybTaT:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C 2.037450 0.294861 6.909879 0.0000

T 0.412232 0.028055 14.69394 0.0000

X -0.054186 0.133658 -0.405410 0.6870
R-squared 0.975727 Mean dependentvar  12.22809

Adjusted R-squared  0.974694 S.D. dependent var 5.925326
S.E. of regression 0.942598 Akaike info criterion 2777771

Sum squared resid  41.75908 Schwarz criterion 2.892492
Log likelihood -66.44428 F-statistic 944.6386
Durbin-Watson stat  2.249075 _  Prob(F-statistic) 0.000000

OcTaTku TpOXOASAT TECThl HAa aJE€KBATHOCTb, TAK YTO MOXHO OOpaTUTh BHUMAaHHE Ha MPOTOKOII
OLICHMBAHUs PACIIUPEHHOW CTAaTHCTUYECKOW MOJEIUM. B COOTBETCTBMM C 3TUM HIPOTOKOJIOM,
KOA(p(GUIUMEHT MpU MEPEMEHHOM X; CTAaTUCTUYECKH HE3HAUMM, TaK 4YTO 3Ta MepeMeHHas Io-
CYIIECTBY HE MPOSBISAET ce0s B Ka4eCTBE NMEPEMEHHOU, OOBACHSIONMIEH M3MEHUYMBOCTh 3HAYCHUUN
MIEPEMEHHON ), .

Hcknroyenue x; U3 IpaBoOM 4acTU yPaBHEHUS IIPUBOAUT K OLICHEHHOU MOJEIIH
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C 1.990020 0.268291 7.417403 0.0000

T 0.401493 0.009157 43.84727 0.0000
R-squared 0.975642 Mean dependent var  12.22809

Adjusted R-squared 0.975134 S.D. dependent var 5.925326
S.E. of regression 0.934357 Akaike info criterion 2.741262

Sum squared resid  41.90511 Schwarz criterion 2.817743
Log likelihood -66.53155 F-statistic 1922.583
Durbin-Watson stat ~ 2.249658 _ Prob(F-statistic) 0.000000

KOTOpast HNpeAIIOYTHTCIIBHEC pacmnpeHHoﬁ MOACIM U TI0 KPHUTCPHUIO Akanke W 110 KpUTCPUIO
I_HBapua. bonee TOro, Mmoo 9THUM KPUTCPHUAM MOCICAHAA MOACIbL HAMHOI'0 MPCAITOYTUTCIILHCC




UCXOIHOW MoJienu y; = o +f x; + &, , ¥ 3TO CBSI3aHO C TEM, YTO MPH OICHUBAHWH UCXOJHOW SM
OCTaTOYHAasi CyMMa KBajpaToB paBHa 233.59 , a npu OLEHUBAHUU TOCJICTHEH MOJICIIM OCTATOYHAS
CyMMa KBaJpaToB paBHa Bcero ymmb 41.91. Dro eme Oosiee yOeIUTENBHO MOATBEPXKIAET, YTO
U3MEHUYMBOCTb NIEPEMEHHOHN ); B ICHCTBUTEIILHOCTH HE OOBACHACTCS W3MEHYUBOCTBIO IEPEMEHHON
X .

B paccMoTpenHOM mpuMepe mapa3uTHas CBSI3b MEXIY MEePEMEHHBIMU Oblila 00yCIIOBJIEHA TEM,
yto B camoii mojenu DGP o0e mepeMeHHbIE MMEIOT B CBOEM COCTaBe ACTEPMUHUPOBAHHBIM
JIMHEWHBIN TPEHA,.

Opnako 5okHas (mMapa3uTHas) CBA3b MEXKIY MEPEMEHHBIMH MOKET BO3HHMKATh HE TOJBKO B
pe3yJibTaTe HaJW4us y dTUX NEPEMEHHBIX JETEPMUHUPOBAHHOIO TpeHaa. [lapa3utHas CBSI3b MOXKET
BO3HHMKATh M MEXAY NEPEMEHHBbIMH, UMEIOIIMMHU HE JIETEPMUHUPOBAHHBIA, a CTOXAaCTUYECKUU
TpeHn. [IpuBeaemM COOTBETCTBYIOLINIA IPUMED.

[Ipumep
BosbpMeM Teneps mpoliiecc mopoKAeHUs JaHHBIX B BUIE

DGP: x;=x;_1+ &1,
Ve =Ye-1t &,
rae &; W &; — T€ XKe, YTO U B MPEIbIAYIIEM MpUMEpe. IDTO MPUBOIUT K CMOJACIUPOBAHHOMN
peanu3auuu
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[Tpenmonoxum, 4To0 HaM JOCTYIIHBI CTATHCTUYECKUE AAaHHBIE, COOTBETCTBYIOIINE MOCICIHUM
50 mabmoaerusiM (¢ 51 o 100). OneHUBaHUE 110 3TUM HAOJIOICHUSM CTATHCTUICCKOM MOICITH
SM: y,=a+fx +e&,;
MIPUBOJIUT K CIICAYIOIIAM PE3yJIbTaTaM:
Dependent Variable: Y
Sample: 51 100
Included observations: 50

Variable Coefficient Std. Error  t-Statistic Prob.
C 8.616496 0.748277 11.51512 0.0000




X 0.597513 0.077520  7.707873  0.0000

R-squared 0.553120 Mean dependent var  3.404232
Adjusted R-squared  0.543810 S.D. dependent var 3.354003
S.E. of regression 2.265356 Akaike info criterion 4.512519

Sum squared resid  246.3283 Schwarz criterion 4.589000
Log likelihood -110.8130 F-statistic 59.41131
Durbin-Watson stat  0.213611 _  Prob(F-statistic) 0.000000

Hecmortps Ha To, uTo B DGP psinpl y; U x; MOpOXKAAIOTCA HE3aBUCUMO JPYT OT JIpyra U UX MOJEIU
HE COJIepKaT IETEpPMUHUPOBAHHOTO TPEH/1a, Mbl HA0JI0JIaéM U 37€Ch JOBOJIbHO BHICOKOE 3HAUEHHE
kodpduimenta aerepmuHanmu 0.553. KoHeuHo, 3TO CBS3aHO C TE€M, YTO HAa pPacCMaTPUBACMOM

MIEPHOJIC PeaTH3aIllii 000UX PSJIOB UMEIOT BUIAUMBIN TPEH/T:
10
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Ecnu, ognako, oOpatuthes ko BceMy nepuonay u3 100 HabmofeHuid, TO pe3yJbTaThl OLECHUBAHUS

OyIlyT COBCEM JIPYyTHUMH:
Dependent Variable: Y

Sample: 1 100

Included observations: 100

Variable Coefficient Std. Error  t-Statistic Prob.

C 1.490206 0.664538 2.242470 0.0272
X 0.055097 0.083978 0.656086 0.5133
R-squared 0.004373 Mean dependent var  1.120548

Adjusted R-squared -0.005786 S.D. dependent var 3.513463
S.E. of regression 3.523613 Akaike info criterion 5.376648

Sum squared resid 1216.753 Schwarz criterion 5.428752
Log likelihood -266.8324 F-statistic 0.430449
Durbin-Watson stat  0.061638 _  Prob(F-statistic) 0.513306

B stom ciydae 3HaueHue kodp¢uIMEHTa JeTepMHMHALMM OJU3KO K  HYJIO, a OLCHEHHBIH
kodp¢urment npu x, paseH 0.0551 nportus 3HaueHus 0.5975, MOTyYCHHOTO MPU OLIECHUBAHUU T10
HaOmoneHusiM ¢ 51 mo 100. D10 oTpakaeT AEWCTBUTENBHOE OTCYTCTBUE JETEPMHUHUPOBAHHOIO
tperna B DGP u, B CBs3M ¢ 3THM, KpailHIOIO HECTaOMIBHOCTh OLICHOK KO3(PQUIMEHTA TIPH X, ,
HOJYYEHHBIX Ha Pa3JIMUHbIX HMHTepBanax. [locieqHee compoBOXKIaeTcs TakKe KpailHe HU3KMMHU



3HaYeHUsAMU cTaTucThku JlapOuna — Yorcona (0.214 na momHoM nepuose Hadmoaenuit u 0.062 Ha
BTOPOI1 IOJIOBUHE ATOTO UHTEPBAIa).

Bce yxazaHHble TpU3HAKU SBISIOTCA XapaKTEPHBIMU YepTaMH, MPUCYLIUMH pe3yJibTaTamMm
OIICHUBAHUS JIMHEHHOW MOJICIIN CBSI3U MEXTy TIEPEMEHHBIMH, IMCIOIIIMMH CTOXaCTUICCKUH (HO HE
JNETEPMUHUPOBAHHBINA !) TpEeHJ W MOPOXKAAEMBIMH CTATUCTHUYECKU HE3aBUCUMBIMH MOJEISMHU.
Teopernueckoe ucciea0BaHne OJ00HOM CUTYaIMH MTOKA3hIBACT CIEAYIOIIEE.

I[lycte  DGP: x; =x;-1+téeu, o =yi-1tex,tme xo =0, yo=0,a ¢, u & -—
CTATHCTUYECKH HE3aBUCHUMBIC MEXIYy COOOW IMOCIIEAOBATEIHLHOCTH OJUHAKOBO PaCIpPEICIICHHBIX
CIIy4aiHbIX Benu4yuH, &j; ~ N(0, 012), ey ~ N(O, 022), tak uto Cov(x;, y;) = 0. IIpeanonoxum, 4ro
no 7 wabmoneHwsm (x;, y,),t=1,2, ..., T, IpOU3BOIUTCS OICHUBAHUE CTATUCTUICCKON MOJICITH

SM: v, =px; +u, u~iid N, ouz), Cov(x;, u;) = 0.

CrangapTHasi OICHKa HAMMEHBIIUX KBAAPATOB I KOdpuIueHTa f B ITOU THIOTETHYCCKON
MOJIENIM UMEET BHU]]

R T T
_ 2
ﬂT - Zyt‘xt th
t=1 t=1

ITpu caenaHHbBIX NpennoaoxkeHusx orHocurensHo DGP , f, He cxogurtces 1o BEpOosSTHOCTH npu T

— 00 HM K KaKOI KOHCTaHTE U UMEET NPEEeIIbHOE pacIpeieeHUe, OTIIMYHOE OT HOPMAJIBHOTO.

C napyroii cTOpoHbl, IpU BbIOpaHHOH crenudukanun SM MozenH, B MPEANOJIOKEHUSAX ITON
Mozienu (a He DGP !) umeem:

Cov(x;, yi) = Cov(x;, fx; + u;) = f Cov(x;, x;) = S D(x,),
T.€. OLIEHUBAEMbIM [TAPAMETPOM SIBIISIETCS

L= Cov(x;, yi) ! D(xy).
[Tockonbky xe B aerictButenbHocTH (B DGP) Cov(x;, y;) = 0, To 1 310 3HaueHue f = 0, Tak 4TO
ecyi Obl TUIOTeTHYECKast MOJieNb (COOTBETCTBYIOast SM) Oblia BepHa, TO TOT/1a Mbl Obl HUMENH

Br — 0 10 BEpOATHOCTH.

Hanee, npu T — o0 3HaYeHHs [(-CTATUCTHKU fg A nposepku rumoressl Hp: f = 0
HEOTPaHMYEHHO BO3pACTAlOT IO aOCONIOTHOW BENUMYMHE, TaK YTO HCHOJb30BAHWE TaOMUI -
pacnpenenenus OyleT MpPaKTUYECKH BCerja MPUBOJUTH K OTKIOHEHHMIO 3TOM Tumoressl, T.e. K
BBIBOJY O TOM, UTO MEXY IEPEMEHHBIMU X; U ); CYILIECTBYET JIMHEHHAs PErpPeCCUOHHAs CBs3b. B
JeHCTBUTENILHOCTH, HETPHBHAIIBHOE NPEAEIbHOE paclpelelICcHHe UMEeT He CTaTHCTHKAa fg , a

CTaTHCTHKA (1/ NT ) g, TPHUYEM MPEIEIbHOE pPACHpPEACICHUE IOCIECIHENH SBIIETCA

HECTAHJIaPTHBIM.
UYro kacaercs cratuctuku Japouna — Yorcona (DW), To nmpu 7 — oo
DW — 0 no BeposiTHOCTH,
¥ 3TO MO3BOJISIET PACIO3HABATh HEMPABMWILHYIO CHEIM(UKAINIO CTATHCTUIECKON Monenu B opme
napa3uTHoi perpeccun. [locrmennee 0OCTOSITENBCTBO MPOSBISETCS B TOBEACHUU OCTATKOB OT



OILICHCHHOM CTaTHCTHYCCKOMU MOZCIIN, KOTOPOC HC COOTBCTCTBYCT IMOBCACHHIO CTALlMOHAPHOI'O
rnpomnecca.

IIpumep
B npeapinymem npumepe Mbl UMENU

DGP: x;=x;_1t &1, Yt =yi-1té&x,
A€ €, U &; — TMOCIEAOBATEILHOCTH HE3aBUCUMBIX, OJIMHAKOBO PACIIPEACIICHHBIX CITyYalHbIX
BEJIMYMH, HMEIOMIMX CTaHJapTHOE HopMmanbHOe pachpenenenne N0, 1), u oneHuBanu
CTATUCTUYECKYIO MOJIEIb

SM: yy=a+fx,+¢e,.
[Ipu orleHUBaHUY TaKOW CTATUCTHUYECKOUN Mojieiu 1o HabmroaeHusM ¢ 51 mo 100 Mbl omyynnm:

A

Br =0.598, t3=7.708, DW =0.214.

I[Tpu 3TOM rpauk ocTaTKOB
4
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HE MOXO0X Ha rpaduK CTallMOHAPHOTO pAJa.

EcrecTBeHHO OBLIO OBl HOIBITATHCSA KMCIIOIB30BAThH IS BBISIBIECHUS TAKOro ‘‘HernomoOaromiero”
MOBEJICHUS OCTaTKOB HE MPOCTO BU3YyaJIbHOE PACCMOTpEHHUE rpaduKa OCTaTKOB, HO M (hopMalIbHbIC
CTaTHUCTUYECKUE KPUTEPUH, TeM 0oJiee, UTO KPUTEPUH MPOBEPKH MHTEIPUPOBAHHOCTH BPEMEHHBIX
pAI0B MBI yxke o0cyxaanu panee (kpurepun Juku — @ymiepa, @umnmunca — [leppona u ap.).

Heno, oqHako, B TOM, 4TO TEIEPbh Mbl UMEEM JIEJIO HE C “CBHIPBIM™ PSAOM, & C PSAOM OCTATKOB,
KOTOPbIE BHIYUCIISIIOTCS [OCIIE MPE/IBAPUTEIBHOTO OIICHUBAHUS MOJIeNH (KOA(pPHUIMEHTOB o U [ B
MoCleIHEM MpuMepe). ITO  OOCTOSTENBCTBO CYIIECTBEHHO BIIMAET Ha  pacrnpefesieHus
COOTBETCTBYIOIIUX CTAaTUCTHUK M HE JAeT BO3MOXKHOCTH TOJIBb30BATHCS TAOIMLIAMHU, KOTOPBIE MBI
WCIIOJIB30BAJIM paHEee IpPU AaHAM3€ HAa HMHTETPUPOBAHHOCTH CBIPBIX pAnoB. C y4eTOM 3TOro
00CTOATENLCTBA, OBUIM TOCTPOCHBI TAOJHUIBI, MO3BOJSIONIME MPOU3BOAUTH aHAIU3 OCTATKOB B
Clly4ae MHTETPUPOBAHHBIX OOBSICHAEMOW M OOBSCHSIONIMX MEPEMEHHBIX, O YEM MbI TIOFOBOPUM B
nanpHeimem. Ceifyac jke€ TOJBKO OTMETHM, YTO JaeT NMPUMEHEHHE COOTBETCTBYIOIIMX TaOIHIl K
TOJIBKO YTO PACCMOTPEHHOMY NPUMEPY.




[Ipumep (IpoaOIKEHHE)

[Ipu onenuBanuyU crarucTudeckoir moaenu SM: y, = a +f x; + ¢, mo HabmoaeHusM ¢ 51 o 100
MBI TIOJTYYHJTH OIICHEHHYO MOJICIb

v =8.616 +0.598 x, t e, .
C moyy4eHHBIM PSIIOM OCTaTKOB MBI TIOCTYITUM TaK )K€ , KaK U B ClIy4ae NMPUMEHEHHS KPUTEPHUs
[uxu — @yinepa K CbIpoMy psily, T.€. OLIEHUM MOJEIb

Ae,=¢e, 1tv
U BBIUUCIMM ¢- CTAaTUCTUKY ¢, Ais nposepku runoressl Ho: ¢ = 0, uHTEpHpeTUpYs 3TY TUIOTE3Y
KaK TMIIOTE3y €JIMHUYHOTO KOPHS IS psijia OCTaTKOB.

I'mnote3a Hy otBepraercst B monb3y runore3sl Ha: ¢ < 0 (MHTEprnpeTHpyeMoii Kak THroresa
CTalMOHAPHOCTHU Psifia OCTATKOB), €CIU 1, < typur . [IpUOIMIKEHHBIE 3HAYEHUS fipur MOYKHO HANTH
o popmyse

th"Tz Iéoc —I_Iél]—'_1 +ﬂ2T_2 s
rae ,bA’w ,,31 , ,32 3aBHUCAT OT BBIOPAHHOTO YPOBHS 3HAYMMOCTH M yKa3aHbl B cTarbe [MacKinnon
(1991)]. Hns 5% ypoBHSI 3HAYUMOCTH

tom = —3.3377+5967T7 '-898 T 2,
yro npu T = 50 paer fpue = — 3.46 . llocnennee 3HauyeHHME CYIIECTBEHHO MeHbIIE 5%
KPUTHUYECKOr0 3HAUeHUs CTaTUCTUKHU [uku — @ymnepa — 2.92, paccuuTaHHOrO s ClIy4asi ChIpOro
pana.

B namem npumepe onieHMBaHUE TECTOBOrO ypaBHeHUs [Iuku — @ymepa JaeT 3Ha4eHue ¢, = —
2.01. Ilocnennee cymiecTBEHHO BbIIE 5% KPUTUYECKOIO YPOBHS, M TMIIOTE3a €IMHUYHOIO KOPHS
HE OTBEpraercs.

Boo011e roBopsi, Bompoc 0 J10KHOH (MTapa3uTHON) WU HEJIOKHOH (IEeHCTBUTEIBLHOM ) JTMHEHHOM

pGFpeCCHOHHOﬁ CBiA3M MCXKIAY [IBYMA MNCPCMCHHBIMU Xt )41 Vi , MIPCACTABIIAOIINMU
WHTETPUPOBAaHHbIE psAbl TMepBoro mopsaka (x, , y; ~ I(1)), Gomee TouHO dopmyIUpyeTCs
cnenyrommmM oopazoM. CyliecTBYeT Ji BOOOIIIe TaK0e 3HAUYEHHe [, IPH KOTOPOM psiA  y; — fx;
cTanuoHapen?

Ecnu oTBeT Ha 3TOT BOIIPOC MOJIOKUTEIbHBIN, TO TOBOPAT UTO pAOdbl X; U y; (nepemeHnHvle X;
u y; ) Kounmezpuposanwvt . Ecii )xe OTBET OKa3bIBaeTCs OTPUIATEIBHBIM, TO pAdbl X; U i
(nepemennvie X; u y;) He AGNANOMCA KOUHMEZPUPOSAHHBIMU .

B mocrnegHeM ciy4ae HEMOCPEICTBEHHOE OIICHUBAHHWE MOICIH vi=a + p x + u

OECCMBICICHHO, T.K. OJTydaeMmas oueHKa [3,, COOCTBEHHO TOBODS, HE SBISIETCSI OLIEHKOW KaKOro-

a100 TEOPEeTHYECKOro MapaMeTpa CBA3M MEXAy HepeMeHHbIMH X, # ), . (Cm., Bmpouewm,
3aMeYaHue B KOHIIE pa3a. 7.3.)



HaHPOTI/IB, €CJIN MCPEMCHHBIC X; W Y; KOUHTCTPUPOBAHLI, TO ﬂT SABJIICTCA OI.ICHKOﬁ TOro

€IMHCTBEHHOTO 3HAYCHUsI ff , PU KOTOPOM Psil y; — fX; CTallMOHAPEH

3aMeTHUM Tenepb, 4TO €CIIU B

DGP: x;=x,_1t+é&,

Ve =Ye-1t &x

JIOTTYCTUTh KOPPEJIMPOBAHHOCTh 3HAYCHUH &|; W &) B COBHAJAIONINE MOMEHTHI BPEMEHH, T.C.
Cov(ey; , €) # 0, TO KOPPEIUPOBAHHOCTh &, M &) BOBCE HE O3HAYAET, UTO PAABL X; U )i
KOWHTETPUPOBaHEI. [IpEeAnoaoKuM BCe ke, 4TO CYIIECTBYET HEKOTOPOE 3HAYCHUE [ , PU KOTOPOM
Vi = px;+u, ,TAe u, —cranmoHapHselii psa. Torma y, 11— fx,—1= u,—1, 1ak 9to Ay, = f Ax,;+Au,, a
oTciona &y =/ €,+ Au, . [locnennee MOXHO 3anucaTth B BUIE U; = U; |+ 1; , TIE

ne=¢x—p ey ~iid NO, 0',12).
Ho s1o 03Hauaer, 4T0 u, — HECTALIMOHAPHBIN MPOLIECC.

C npyroi CTOpoHBI, ecinu xg =)o = 0, TO

Cov(x;, ;)= Cov(en+ ... t ey, ent ... T &)=t Covien, €21)
TaK 4YTO X; U ), — KOPPEIUPOBAHHBIC, HO HE KOMHTETPUPOBAHHBIC CAyYailHbIe OJIYKIaHUS.

Cy1ecTBeHHO, 4TO pacnpeneneHue craTucTuku Juku — @ymiepa B Mogo0HOM cUTyaluu He
3aBUCHUT OT KOHKPETHOT0 BHJ1a MaTpulibl koBapuauuil X = (Cov(ek1, €51)) , k, s =1, 2.

Tem e cBoiicTBOM o0Osagaer M pacnpeneneHue cratuctuku Jlapouna — VYorcoHa,
IIPUMEHEHHOM K pany octatkoB (CRDW — cointegrating regression DW):
e=Ve— Op— ﬁT Xt .

IIpu 7 = 50 5% xpuruueckoe 3HaueHHE NociaeaHerd cratuctuku pasHo (.78. I'mnoresa
HEKOMHTETPUPOBAHHOCTU DSIOB OTBEpraercs, €ciiu HaOlrojaeMoe 3HAa4eHHWE ITOH CTaTUCTHKU
IIPEBBILIAET KPUTUUECKOE 3HAUCHUE.

B namem nocnenHem npumepe 3HaueHue cratuctuku JlapOuna — Yorcona pasno 0.214, Tax
YTO FUIOTE3a HEKOMHTEIPUPOBAHHOCTH HE OTBEPraeTCsi U 3TUM KPUTEPUEM.

Yro ciemayer menath B Cliydae OOHAPY)KECHHS MApasMTHON CBSI3M MEXIY MHTETPHUPOBAHHBIMU
nopsizika 1 mepeMeHHbIMH X; U ); ? VIMEIOTCS TpU BO3MOKHBIX IyTH 00X0/1a BO3HUKAIOIINX 31ECh
TPYAHOCTEM:

1. Bxiarouurts B IIPpaBYIOD YaCThb YPABHCHHUA 3alla3bIBAONINEC 3HAYCHUA O6CI/IX IIEPEMCHHBIX,
TOYHEE, PACCMOTPETh CTATHCTHYECKYIO MOJIEIh

SM: yi=a+Bx+yy1+oxi1+u,

rJe u; — CTAl[MOHAPHBIA PS/l U IEPEMEHHAs X; TPAKTYECTCS KaK DK30TCHHAS .
[Tocnennee ypaBHEHHE MOKHO 3aIlMcaTh HHAUE B CICAYIOMUX ABYX (OpMax:
@ w=at yyatfAg+(B+o)x1tu,
©) »i=atyyiat(B+o)x -0 tu.




B 0b6eux ¢popmax cieBa CTOUT UHTErpUpOBaHHAs nepeMeHHast y; ~ I(1).

B mpaBoii yactu (a) napamerp S sBiseTcs kodh(UIMEHTOM MPHU CTAMOHAPHOW MEPEMEHHOMN
Ax; , UIMEIOIICH HYJIEBOE€ MaTeMaTHYECKOE OXKUIaHue; V; 1, X;—1 ~ (1), u, — cranmoHapHBINA ps/I.
Kak Obuio mokazano B paborte [Sims, Stock, Watson (1990)], B Takoil cuTyaluu OLIEHKH
HAaMMEHBIINX KBaJIpaToB s Bcex Kod(pduumeHToB SM coCTOSATENnbHBI, OIIEHKA mapamerpa [
acHUMIITOTUYECKH HOopMaibHa. OObIUHAs f-CTaTUCTHUKA Ui MpoBepku runore3sl Hp: f = 0 umeer
acUMNTOTUYECKH HopMmasbHoe pacnpexaenenue N(0,1), ecan  u, — Oenblil mym. AHaJIOTUYHO, B
npaBoii yactu (0) mapamerp — o sBisieTcs ko3 PUIIMEeHTOM MPpU CTallMOHAPHOHN nepeMeHHo Ax; ,
MMEIOLIEH HYJIeBOE€ MaTeMaTHUECKOe OKUIaHue; y; i, x; ~ I(1), u; — craumonapusiii psa. [loatomy
OLIEHKAa IapameTrpa ¢ B paMKax MoAeaud SM acUMOTOTHYECKH HOpPMajibHA, U /-CTaTHCTUKA IS
npoBepku runore3sl Hy: 0 = 0 mMeer acumnroTudecku HopmaiibHoe pactpenencaune N(0,1), ecnm
u, — 6enplid myM. OneHkH a1 f M O OCTalOTCS ACUMITOTUYECKM HOPMAIbHBIMMU M €CIH U, —
CTallMOHAPHBIN psiji, HE ABISIOMMKCA OenbiM mymoMm. OAHAKO TPU 3TOM ACHMITOTHYECKOE
pacnipenenenue N(0,1) MMEIOT CKOPPEKTUPOBaHHbIE BapUaHThl /-CTaTUCTUK, B 3HAMEHATEJsX
KOTOPBIX CTaHJApPTHBIC OLIEHKU IUCIIEPCHU PSAa U, 3aMEHSIOTCS COCTOATENBbHBIMHU OIEHKAMH
00/1208peMeHH Ol Oucnepcuu 3TOTOo Psijia, onpeneneHHol B pa3y. 6.8.1.

B 10 xe Bpems, cratuctuka qF = 2F g npoBepku runote3sl Hp: f = 6 = 0 He mmeer
ACHMIITOTHYECKOr0 pacrpesietienus y*(2) , MOCKOIbKY PacCMaTpuBaeMyio SM He yiaercs TMHEHO
penapaMeTpru3oBaTh TAKMM 00pa3oM, YTOOBI B IPABOH YacTH NMPEO0OpPA30BAHHOTO YpaBHEHUS U f U
0 OJHOBPEMEHHO CTaIM KO3(PPHUIHUEHTAMU IPU CTALMOHAPHBIX MEPEMEHHBIX, UMEIOIUX HYJICBbIC
MaTeMaTH4ecKue oxuaanus. (Y HacC OHM CTAHOBSITCSI TAKOBBIMH IPH Pa3HBIX periapamMeTpH3alusiX. )

2. Ilepen orleHUBaHUEM MOJICTU CBSI3U PO HEPSHIIUPOBATE PSABL X; H V;,
T.€. PACCMOTPETh MOJICINIb B PA3HOCTSAX

SM: Ay,=a+ f Ax; + u,, rae u, — CTAIIMOHAPHBIN PsiI.
B 301 MO/IEeIM OIICHKM HAUMEHBIIUX KBAJAPATOB U I 0. W Ui [; aCHMITOTUYECKHA HOPMAJIBHBI.
O0e ?-CTaTUCTUKU UMEIOT aCUMIITOTHYECKH HOpManbHoe pacnpeaenenue N(0,1), ecan u, — 6enbiit
myM. Eciii 1, — cTaninoHapHBIA psijl, HE SBJISIONIMICS O€IbIM ITyMOM, TO HEOOXO0IMMO TIPOU3BECTH
KOPPEKIIUIO {-CTATUCTHK, KaK ¥ B MPEABIAYIIEM MyHKTE.

3. Mcnonp30BaTh /ISl OLICHWBAHUS MOJIENb PErPECCUU C aBTOKOPPEIMPOBAHHBIMU OCTATKAMHU
SM: yy=a+pfxi+u, uu=px,_1+e;, u~iid N, agz).
[Ipu >TOM TIpeanOUYTUTENIbHEE OLIEHUBATH BCE TPH Mapamerpa a, [, p OAHOBPEMEHHO, HCIIONIb3YS
NpeCTaBICHNE
Vi—pyi-1=a(l=p)+B(xi—pxi-1) + &;.
B ciyuae noxHoOl perpeccud P — 1 (110 BEPOATHOCTH), TaK 9TO, (PAKTUUECKH, PH OOIBIINX

T 3TOT METOJl paBHOCHUJIEH IIpeiBapUTeNIbHOMY TU((HepeHIIMPOBAHUIO PSIOB.

[Ipumep



[IpumMeHNM yKa3aHHBIC TPH MOAX0JIa K aHATN3Yy pealln3allii, CMOJICIIMPOBAHHBIX PAaHEE B 3TOM
pasziesie B COOTBETCTBUU C

DGP: x; =x; 1t &, ye =yi-1+éx,
TA€ €; U &; — TOCIENOBATEIBHOCTH HE3aBUCHUMBIX, OJIMHAKOBO PACIPEICTICHHBIX CITyYaiHbIX
BEIIMYMH, UMEIOIIUX CTaHJIapTHOEe HOopMaibHOe pactupeneneHue N(0,1). [Jns ananuza ucnoib3yeM
nociieqaue 50 HaOJIOIEeHUH.

(1) Ilpumensist nepBbIi NOAXO/, [1OJIy4aeM OLIEHEHHYIO MOJIEb
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.447271 0.550358 0.812691 0.4206
X -0.014458 0.123861 -0.116725 0.9076
Y(-1) 0.970105 0.055989 17.32664 0.0000
X(-1) 0.033532 0.120061  0.279290  0.7813

HaGnronaembie P-3naueHus a1 KodQPUITMEHTOB MpU TIEPEMEHHBIX X; M X;_ | YKa3bIBAIOT Ha TO,
4TO TIepeMeHHast X; (pakTuuecku He 0OBICHAET H3MEHYUBOCTH TIEPEMEHHOU ) .

(2) Ilpumensist BTOpO# MOAXO/, MOTydaeM OIEHEHHYIO MOCITb
Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.
C 0.184523 0.117614 1.568884 0.1232
D(X) -0.033386 0.116361  -0.286915 0.7754

0O06a k03 PuIreHTa CTATUCTUYCCKH HE3HAYUMEI, 1 3TO OTPAXKACT HEKOPPEITUPOBAHHOCTD PSIOB &),
u E2¢ .
(3) Ilpumensis TpeTHil MOIX0I, OLICHUBAEM MOJIEIIb
vi—pyia=o(l=-p)+Bxi—px 1)+ &y,
T.€.
Vie=atpyiatBa—pxi)t e,
[Ipu sTOM nMOTyUaem:
Dependent Variable: Y
Method: Least Squares

Convergence achieved after 7 iterations
Y=C()+C2)"Y(-1)+C(3)*(X-C(2)"X(-1))

Coefficient Std. Error  t-Statistic Prob.

Cc(1) 0.217398 0.159423  1.363650 0.1792

C(2) 0.988791 0.035801 27.61920  0.0000

C(3) -0.027306  0.119276  -0.228934 0.8199

R-squared 0.940380 Mean dependent var  3.404232

Kak u oxunanoch, kodpduuueHtT mpu y; - | OKazajcs O4YeHb ONM3KMM K 1, a 1gBa Apyrux

k03¢ (UIMEHTa CTATUCTUYECKN He3Ha4nMBl. [IpoBepka Ha OZHOBpEMEHHOE 3aHYJIEHHE 3THX JABYX
k02 PunmentoB naer P-3nauenue 0.367.



[Ipumep

HN3menum mponecc NOpOKACHUA NaHHBIX, OCTABJISAS TC KE (bOpMy.]'IBI L Xy Uy, T.C.

Xt =Xe-1t s Ve =Ye-1t &2,

HO TCIICPb IMYCTh
&1y — MNOCJICAOBATCIIBHOCTE HCE3aBUCHUMBIX, OAMHAKOBO PACIIPCACIICHHBIX cnyqaﬁme BCJIIMYHH,

UMEIOIINX HopMasbHOe pacnpeaenenue N(0, 1.25),
£ — TIOCJIEI0BATENIbHOCTh HE3aBUCUMBIX, OJMHAKOBO PACIpPEIEICHHbBIX CIyYalHbIX BEIUYUH,
UMEIOIINX HopMasbHOe pacnpeaenenue N(0, 1.25),
Cov(eys, €25) =0 s t#s, Cov(e, &)= 1.
Orcrona, B yaCcTHOCTH, cieayeT, uto Corr(ey, €2) = 0.8 .
CMopenupoBaHHbIE peallu3alliil € U &y UMEIOT BUJ

S=am
==
SEER

RS TRARS 7 SARE" SRS S SRS SARET RARS " SRS SRRt

[— NoSEX ~— ---- NOISE_Y |

Tpaektopuu CMOJEIMPOBAHHON MAaphl PAIOB €, U &y BEOyT ceOs JOCTATOYHO COTJIACOBAHHBIM
00pa3oM; OICHEHHBIN KOA((DHUIIMEHT KOPPEISIIUU MKy 3TUMHU psgam paseH 0.789. [lomyueHHbIe
IIPYU STOM peallu3allii PsiioB X; U ), BEOYyT ceds, KaKk MOKa3aHO HUKE Ha MpaBoM pHUcyHKe. Jlis
CpaBHEHHUS Ha JICBOM PUCYHKE IMOKA3aHO MOBEICHUE PeaH3alluid PSIAOB &), U &y NPHU UX MOITHOU

CTaTHUCTHYECKOM HE3aBHUCHMOCTH.
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JIJIsl COMTOCTaBUMOCTH C paHee MOJyYCHHBIMH Pe3yJIbTaTaMH, OISTh 0OpaTUMCS KO BTOPOH YacTH
OTpe3Ka HaOIIOJIEHUH; 37eCh OICHEHHBINM KOA(M(OUIMEHT KOPPENSIUU MEXKAY pAlaMu £, U &y
pasesn 0.792.

CHavana oueHuMm moaens y, = o + f x; + u, . B pe3ynbrate moiydyaeMm Aisi psga OCTaTKOB
3HaueHue craTuctuku Juku — @ysuiepa, papHoe —2.112, kotopoe Bbile 5% KPpUTHUECKOTO YPOBHS
—3.46. COOTBETCTBEHHO, TUIIOTE3A O JIOAKHOCTH PErPECCUOHHOM CBA3U HE OTBEPraeTCsl.

(1) Ilpumensist nepBbli NOAXO/, [IOJIy4aeM OLIEHEHHYIO MOJIEh

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.548392 0.377080 1.454312 0.1526

X 0.718479 0.079943 8.987361 0.0000
Y(-1) 0.913556 0.067811 13.47210 0.0000
X(-1) -0.641522 0.088805 -7.223976 0.0000
R-squared 0.987574 Mean dependent var  -0.957402

[To cpaBHEHMIO C paHEe PACCMOTPEHHBIM CIIy4aeM, B KOTOPOM DPSJIbL £; U & OBUIM MEXIy coOOoMn
CTaTUCTUYECKH HE CBA3AHHBIMM, TEIEPh OKa3bIBAIOTCS CTATHCTHUYECKHM 3HAYUMBIMU H

KOX(PGUITUEHTHl TIPU TIEPEMEHHBIX X, U X, _ |. VICKirodast U3 mpaBoil 4acTh MOJENH KOHCTAaHTY,
[IOJIyYaeM:

Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

X 0.695862 0.079341 8.770553  0.0000

Y(-1) 1.005257 0.025245  39.82053  0.0000

X(-1) -0.707002 0.077447  -9.128837 0.0000

R-squared 0.987003 Mean dependentvar  -0.957402

T.e. ¥ =1.005y,_1+0.695x, —0.707 x,_; + ¢, . Ouenka kodduimenTa mpu y, | onuska x 1;
OIICHCHHBIC KO3(PPUITMCHTHI IPH X; U X, | OJU3KH 110 a0COTIOTHON BEIIMIMHE M TIPOTHBOIIOIOKHBI
0 3HAKY, YTO BIIOJIHE COTJIACYeTCsl ¢ peain3oBaHHOoM Mozenbio DGP.

(2) IIpumensist BTOpoii MoaX0/1, HOTYy4YaeM OLIEHEHHYIO MOEIb
Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.100915 0.083851 1.203508 0.2347
D(X) 0.694000 0.077274 8.981039 0.0000
R-squared 0.626921 Mean dependentvar  0.226857

W 31ech, B oTiimume oT panee ucnonb3oBasiierocss DGP, craHoBUTCS 3HAYMMBIM K03 (DUITHEHT TIpU
HepeMEeHHON Ax; , UTO OTpa)kaeT KOPPEIMPOBAHHOCTb CIy4YalHbIX BEIMYMH &1, U &y , T.C.



KOppenupoBaHHOCT Ax; u Ay, . HMckimodas w3 NpaBoOMl 4acTH YpPAaBHEHHSI CTAaTUCTHUYECKHU
HE3HAYUMYIO KOHCTAHTY, IIOJyYaeM:

Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.

D(X) 0.709553 0.076533  9.271155  0.0000
T.e. Ay, =0.710Ax; +e;,, umu y;= y,1+0.710x, —0.710x,_; + e .

3) Ha1*<0Heu, MIPUMEHSISI TPETUH TTOIX0/1, OIIEHUBAEM MO/IEITh
Vi=oatpyiatp—pxi)t e
MIPH 3TOM TIOJIyYaeM:
Dependent Variable: Y
Convergence achieved after 8 iterations
Y=C(1)+C(2)"Y(-1)+C(3)"(X-C(2)"X(-1))

Coefficient Std. Error  t-Statistic Prob.

Cc(1) 0.329205 0.250398  1.314726  0.1950
C(2) 0.941984 0.056946  16.54170  0.0000
C(3) 0.723593 0.079341 9.119982  0.0000
R-squared 0.987410 Mean dependent var  -0.957402

3/1ech CTAHOBUTCS CTATUCTUYECKH 3HAYMMBIM KOO GUIHEHT £ .

Hcknrouenue 3 npaBoi 4aCTU KOHCTAHTHI TA€ET:
Dependent Variable: Y
Convergence achieved after 4 iterations
Y=C(2)"Y(-1)+C(3)"(X-C(2)*X(-1))

Coefficient Std. Error  t-Statistic Prob.

C(2) 1.014411 0.020750 48.88608  0.0000
C(3) 0.702102 0.078268  8.970448  0.0000

T.e. vy = 1.014y,_1+0.702 (x, —1.014 x,_1) + e,, unu
Vi = 1.014)/171 +0.702 Xt -0.712 Xr—1 + €

OtmeTHM OIM30CTh PE3yNIbTATOB, MOJIYYEHHBIX TPEMsI METOAMU:
yie= 1.005y,1+0.695x, —0.707 x,_1 + e, (meton 1),
V= yi-1+0.710x, —0.710 x, 1 + e, (meron 2),
yvi= 1014y, 1 +0.702x,—0.712 x,_1 + e, (metox 3).
@DaKTUYECKH, BO BCEX TPEX CIydyasx BOCHPOU3BOAMTCS OJHA W Ta XK€ JIMHEWHas MOJENb CBS3U
MEXK]y PSAaMU pa3HOCTEM:
Ay =0.7 Ax; + e;.



Orta perpeccHoHHas CBsI3b ME¥Ay Npoar¢dhepeHIUPOBAHHBIMU PsIaMU HE SIBJISICTCS JIOXKHOU (B
OTIIMYME OT PErpecCHOHHON CBSA3M MEXAy psAamMH ypoBHei): ctaructuka Jlapbuna — YorcoHa
npuHuMaet 3Hauenue 1.985; P-3nauenue kputepus Jarque — Bera pasno 0.344.

3aMedaHue

B cBa3u ¢ pesynabratamu, MOJTYYEHHBIMH IPU PACCMOTPEHMH TOCIEIHUX IPHUMEPOB,
€CTECTBEHHO BO3HMKAET CIIEAYIOMIMN BOMPOC, KOTOPHIA MOJHUMAJICS B CBOE BpPEeMs Pa3TUYHBIMU
uccinenoBarensiMu. He Oyzaer 1M pasyMHBIM, HMes [J€JI0 C psjiaMd, TPAaeKTOPUU KOTOPBIX
O0OHapY’KMBAIOT BBIPAKEHHBIA TPEHM, Cpa3y IMPHUCTYNaTh K OICHWBAHUIO CBS3CH MEXIY psAAaMu
pasHocTeit (Mexay npoauddepeHupoBaHHBIME pAAaMH) 7

[IpoTHB HEKPUTUYHOTO MCIIOJIL30BAHMS TAKOTO MOIX0a TOBOPST JIBa OOCTOSTEIHCTBA:

(a) Ecnu psael B 1€HCTBUTENBHOCTH CTallMOHAPHBI OTHOCHUTENBHO JAETEPMUHUPOBAHHOTO
TpeHaa, To Torga audQepeHIupOBaHUE NPHUBOAUT K nepeoudhgpepenyuposannvim
psiziaM, UMMM HeoOpaTuMyo MA cocTaBIsONIYIO.

(b) Ecnu psapl SBIsAIOTCA MHTEIPUPOBAHHBIMU HOpsAAKA | ¥ MpU 3TOM KOMHTEIPUPOBAHBI
TO Hpu mepexoje K mpoauddepeHUUpOBaHHBIM psaaM Tepsiercs MHopMaims o
JOJTOBPEMEHHOH CBSI3M MEXKJTy YPOBHIMH THX PSIIOB.

HuddepenurpoBanue  psAaoB  ONPaBJAaHHO M MOJE3HO, €CIM  psiAbl  SBISIOTCS

MHTETPUPOBAHHBIMH, HO IIPH ATOM MEXTy HUMHU OTCYTCTBYET KOMHTETPALIMOHHAS CBS3b.

7.2. KounmezpupoeaHHbIe epeMeHHbIe psiObl. MoOenu koppekyuu
owubok

IIycts y; ~ I(1), x;~ I(0). Ctpouth perpeccuro y; Ha X; B 3TOM Ciiy4dae 0€CCMBICICHHO, T.K.
JUISt TIOOBIX @ U b B Tako#l cuTyanuu

yvi—a —bx, ~1(1).

[Tyctb, HaoOopoT, y; ~ 1(0), x;~ I(1). dns mo6b1ix @ u b # 0 31ech onsTh

yvi—a —bx, ~1(1),
U ToJbKO ipu b =0 momydaem

yvi—a —bx, ~1(0),
TaK YTO U B TAKOM COYETAHUU CTPOUTH PETPECCHIO OJTHOTO psifia Ha APYroil He UMeeT CMbICA.

[lycts Teneps yy~ I(1), x;~ I(1) — 1Ba HHTErPUPOBAHHBIX PsIa.

Ecau nusg nrodoro b

yvi—bx, ~1(1),
TO perpeccust y, Ha X, sBIseTcs GUKTUBHOMN, U MBI y)K€ BBISICHHIIU, KaK CJIeIyeT JeiiCTBOBATh B
TAKON CUTYyallWH.

OOpatumcs Teneps K Ciiydaro, Koraa npu Hekotopom b # 0

yi—b x; ~1(0) — crauioHapHBIA PsifL.




ECIi 5TO TaK, TO PSIBl J; M X, HA3BIBAIOT KOUHMeZPUposannvimu psinam, a sexrop (1, — b)’ —
KOUHMeZpUupyouium 6eKmopom.

Boob6me, psast y, ~ I(1), x; ~ I(1) Ha3bIBAIOT KOUHmMEZPUPOBAHHBIMU (6 Y3KOM cmblcie —
O0emepMUHUCICKAA KOUHMezpayus), €Cly CyllIeCTBYET HEHYJIEBOU (KouHnmezpupyouiuii) BEKTOp
B =B, B2)" 0, wis koToporo

prx:+ pryi~1(0) — cmayuonapuslit psin.
3aMeTHM, 4TO ecir BeKTOp S = ([, f2)" SIBISCTCS KOMHTETPUPYIOLIM BEKTOPOM IUIS PSIIOB X; U Yy
, TO TOTJa KOMHTETPUPYIOIINUM ISl 3TUX PAIOB OyJeT U J1I000# BekTop Buga cf = (cfi, cﬂz)T , TIe
¢ # 0 — nocrostHHasi BenuunHA. UTOOBI BBIAEIUTH KAKOH-TO ONpPENEICHHBIN BEKTOpP, MPUXOAUTCS
BBOJIHTH YC106UE HOPMUPOSKU, HATIPHMED, PACCMATPHBATh TOIbKO BekTopsl Buaa (1, — b)' (um
TOJIbKO BEKTOPHI (— 4, 1’ ).

[Tockonpky MBI mpeamnosiaraeM ceitdac, uro Xy , y; ~ I(1), T0 psanel paznocreit Ax, , Ay,
cTallMoHapHbl. byaem npeanosaraTe B JONOJHEHHUE, YTO CHIAUUOHAPEH GeKmopHblil pad (Ax; ,
Ay,)T , TAK YTO JUII HETO CYLIECTBYET pa3z/ioxceHue Boavda B BUIE CKOJB3AIIETO CPEAHETO

(Axc, Ay)" =p + B(L) &4,

rIe

po=(@ip2), i =EAx), pa=E@Ry);

&= (e, 82,)T — 8EKMOPHbLIL Deblil WyM,
T.€.

€1, €2 , ... — TIOCICIOBATEILHOCTh HE KOPPEIUPOBAHHBIX MEXKIY COOOU, OJWHAKOBO
pacrpeieIeHHbIX CITyYaliHbIX BEKTOPOB, ISl KOTOPBIX

E(ey) = (0, O)T, D(eyy) = 012 , D(&y) = 022 , Cov(ey;, &) = 017 — IOCTOSTHHBIC BEJIMYUHBI;

1 0 0 b(k) b(k)
B(L)= S 3 I A
o[y | 2[@? it

3uamenutsiii pesynbrar ['penmkepa ([Granger (1983)], cm. taxke [Engle, Granger (1987)])
COCTOHUT B TOM, YTO B CIy4ae KOMHTErprupoBaHHOCTU (1) psamoB x; u y, (B y3KOM CMBICIIE)
@ B paznoxenuu Bonpaa (Ax;, Ay,)T =u + B(L) ¢, marpuua B(1) umeer panr 1.
(I) Cucrema psagoB x; U y; nonyckaer eekmoprnoe ARMA npeocmasnenue
A®L) (e y)' =c+dL)e:
B KOTOPOM
€; — TOT e BEKTOPHBIN Oemblii mrym, uto u B (1),
c = (cy, cz)T, C1 U ¢ — TIOCTOSIHHEBIE,
A(L) — MaTpUuHBIi [IOJIMHOM OT OllepaTopa 3amna3iblBaHusl,
d(L) — ckaJApHBIN MOJUHOM OT OIIEepaTopa 3ara3abIBaHus,
npuyeM
A(0) = I, (eqmHUYHAS MaTpuIla pazmepa 2x2),
rank A(1) =1 (panr 2x2-matpunl A(1) paBen 1),




3HaueHue d(1) koHeuHo.
B cBs3u ¢ TeM, 4TO B mocneAHEM MpeCTaBIeHUU paHT (2x2)-marpuibl A(1) MeHbllie 1BYyX, 00

9TOM MNPECACTABJIICHUU YaCTO T'OBOPAT KaK O w:cmopuoz"t asmopezpeccuu NROHUIICEHHO020 paHla

(reduced rank VAR).
B pazBepnyroii popme npencrasienue (1I) umeer Bug

P q
X, =¢ +Z(alj'xt—j +bljyt—j) + Zekgl,t—k )

J=1

=0
P q
Vi =6 +Z(a2sz—j +b2jyt—j)+ ng Erick
= k=0

[Ipu 5TOM BepxHHE MpeAeabl p U ¢ Y CYMM B IIPABBIX YACTAX MOTYT ObITh OECKOHEYHBIMHU.
Ecnu Bo3MOkHO 6exmopnoe AR npedocmasnenue, T0 B HeM
dL)=1, p<o.

(II) Cucrema psgoB X, W ), JAOMYyCKAaeT MpeicTaBlieHUuE B (Gopme modenu Koppexkyuu
ouuook (error correction model — ECM)

Ax, = +az,_, +Z(7/1ijz—j +§1jAyt—j) +ng81,t—k 5
k=0

e
Ay, =, +ayz, +Z(72ijt—j +52jAyz—j) + Zekgz,t—k >
j=1 k=0
rie

zz =YV — p xi— E(y — B X;) — CTalMOHAPHBIN PsII C HYJIEBBIM MaTeMaTHYECKUM

OKUJIaHUEM,
z;~1(0),

U
0(12 + 0C22 > 0.
Ecnu B (II) Bo3moxkHO BekTopHOe AR(p) mpencrasnenue (p < o), To Torna ECM npunumaer

BHJI

p—1
Ax, =pu +oyz, +Z(71ijt—j +51J'AJ’z—j) té&,,
=1

p-1
Ay, =, + oz, + 2(72_1'Axt—j +52J'Ayf—/) tés
j=1

3/1ech BaXKHO OTMETUTH CIIEAYIOIIEe:

e Ecmm pagsl x;,y,~ (1) kounterpupoBansl, To Bce cocrapisomme B ECM cranimoHapHBbI.

e Ecmu BextopHsiii psin (x;, y;)' ~I(1) (tak uro BekTopHSIii psix (Ax,, Ay,) crarmonapen) u
nopoxzaaercss ECM Mozenbto, To psasl X; U ), KOUHTErpupoBaHbl. (/[lelcTBUTENBHO, B




3TOM ciydae Bce cocrapisomme ECM, oriauvHble OT  z,, CTAallMOHApHBI; HO TOT/Aa
CTalliOHApHA U Z;_1.)

e Ecmm psagsl x;, y; ~ I(1) xounterpupoBansl, To Toraa VAR B pa3HOCTSIX HE MOXKET UMETh
KOHEYHBIN nopsanok. (B ornuuue ot cioydas, koraa psajabl xX; 1 Y, HE KOMHTETPUPOBAHBI. )

AOCONIOTHYIO BeIMYMHY z; =V, — 0. — B X, ,vAe a = E(y;— f X;), MOXHO pacCMaTpHBaTh KaK
paccTosHue, OTACISIONIEe CUCTEMY B MOMEHT ! OT pPaA8HO8ecUs, 32]1aBACMOTO COOTHOLLICHUEM
—a - f x,=0. BenmnuuHbl U HaANpaBICHUS U3MEHEHWH X; W ); NPUHUMAIOT BO BHHUMAaHHE
BEJIMYMHY W 3HAK IPENBIIYIIEro OTKIOHEHUS OT paBHOBeCHS Zz; - | . PSn z, , KOHEYHO, BOBCE HE
00s13aTeNbHO YOBIBAeT 1O aOCOTIOTHON BEIMYMHE IIPH IEPEXOAE OT OJHOTO NEpPHOAa BPEMEHH K
JIpYyroMy, HO OH SBIISICTCS CTAllMOHAPHBIM PSJIOM, U TOATOMY DPACHOJIOXKEH K JBIKCHHIO II0
HAIpaBJICHUIO K CBOEMY CPEIHEMY.

3ameuanue 1

[lepemenHas x;, He sBISETCS NPUYMHON MO ['peHIKepy JUlsl MEPEeMEHHOW YV, , €CIIU Hey4eT
IPOLUIbIX 3HAUEHUH NIEPEMEHHON X; HE MPUBOAMT K YXYALICHUIO KaueCTBA IPOTHO3a 3HAYEHUS )
[0 COBOKYITHOCTH MPOIUIBIX 3HAYEHUU 3TUX JABYX MNepeMeHHbIX. [lepemenHas ), He sBisercs
IPUYMHOW 110 ['peHJuKepyY A NEPEMEHHON X, , €CJIM HEey4eT IIPOLUIBbIX 3HAYCHUN MEPEMEHHON ),
HE MPHUBOIUT K YXYJIICHUIO KayecTBa MPOTHO3a 3HAYEHHUS X; IO COBOKYIMHOCTH MPOILIBIX
3HaUeHUN OTUX JBYX InepeMeHHbIX. (KauecTBo mnporHosza wusmepsiercs CpeaHEKBaIpaTUYHON
OIIMOKOM MPOTHO3a.)

Ecim  x;, y» ~ I(1) ¥ KOWHTErpupoBaHbl, TO AOKHA HUMETb MECTO HPUYUHHOCHIL NO
I'penoscepy , 1o KpaifHeld Mepe, B OJHOM HaIpaBlIEHUU. JTOT (DAKT BBITEKAET W3 MPEACTABICHUS
Takoi cuctemsl psgoB B hopme ECM, B koTopoii a12 + a22 > (. 3HaueHHUe X, | dYepe3 MOCPEICTBO
Z; | TIOMOTaeT B MPOTHO3WPOBAHUU 3HAUCHUs ); (T.e. MEPEeMEHHAsl X; SIBISETCA MPUYMHOMN 10
I'penxepy Ui nepeMeHHOR Vy), ecnu ap # 0. 3HaueHue y,_| 4yepe3 MOCPEACTBO Z, | MOMOTaeT B
IIPOrHO3MPOBAHUM 3HAueHUsi X; (T.e. mIepeMeHHas ), SBJIsSeTcCs NpUYMHON mo ['penmxepy ans
MEePEeMEeHHON X,), ecnu oy # 0.

3ameuaHue 2

[Tycts x;, y: ~ I(1) xounterpupoBanbl u w; ~ 1(0). Torna ans mo6oro k& KOMHTErpUPOBAHBI
paosl x; U Yy xtwe, y#0. @opmanbHo, eciit x; ~ (1), TO KOUHTErpUPOBAHBI PAJIBI X; U X;_
- (HeiictBurenbHO, TOTAa X; — X = A+ Axy 1+ ... + Ax,_x — cymma [(0)-mepeMeHHBIX,
KoTopast Takxe siBisiercs: [(0)-nmepemMeHHo. )

Wrak, npu KOUHTETPUPOBAHHOCTHU PSAOB X, , vy~ (1) MBI nMeeM
®  MOJIEJb JOJTOBPEMEHHOU (PAaBHOBECHOM) CBSI3U V;, = a + [ Xy ;
®  MOJIeNIb KPaTKOCPOYHOU auHaMukH B hopme ECM,

Y OTU MOJIEJIH COTTIACYIOTCSI IPYT C IPYTOM.




[Ipobnema, oHaKO, COCTOUT B TOM, uTO JIsi mocTpoenusi ECM 1o peajsbHbIM CTaTUCTUYECKUM
JaHHBIM HaM HaJ0 3HAThb KOWHTETPUPYIOIIUN BEKTOp (B JaHHOM Ciyyae, 3HaTh 3HAUCHUE f)).
Xopouio, €ciau 3TOT BEKTOpP ONpPEAENSeTCS SKOHOMHYECKOW Teopued. K coxanieHuto, yaiie ero
MPUXOJIUTCS OLIEHUBAThH MO UMEIOIIUMCS JAHHBIM.

Ourn u ['penmkep [Engle, Granger (1987)] paccmotpenu dgyxuiazosyro npoyedypy, B KOTOPO
Ha TIEPBOM Illare 3Ha4eHUs o U [ OLIEHHWBAIOTCS B paMKax MOJIENIU PETPEcCUu ), Ha X;

vi=o+tpfx+u.

TOJlyYnB METOZOM HAMMEHBIUNX KBAAPATOB OLEHKH ¢ n 3 (HK-OUeHKH), MBI TEM CaMbIM
HAXOJIUM OLICHCHHBIC 3HAYCHHUS OTKJIOHEHHUH OT MOJOKCHHS PABHOBECHSI

Z=y—a— fBx
— 3TO MPOCTO OCTATKU OT OIICHCHHOW PErPeCcCHH.

[Tocre sToro, Ha BTOPOM 11are, METOJIOM HAaUMEHBIIIUX KBAJIPAaTOB Pa3esibHO (HE KaK cuctemal)
OLICHUBAIOTCS YPaBHEHUS

p-1
Ax, = +a,z, +Z(71,szf_/ +51jAytfj) TV,
=

p-1
Ay, = +a,z, +Z(721Axr—j +52/'Ayt—f) tWes
=l

(T.e. mpeanonaraercs moaenb VAR(p) nns x;, y;).
OnpenesironM B 3TOH MPOIeaype SIBISIETCS TO 00CTOATEIBCTBO, YTO MOJIydaeMasi Ha MEPBOM

miare orieHka f ObIcTpee 0OBIYHOTO MpUOIMKaeTCs (10 BEPOATHOCTH) K HCTHHHOMY 3HAYEHUIO ff —

) T D o
BTOPOW KOMITOHEHTE KOWHTerpupytomero Bekropa (1, f)' . ([ sABIseTcs cynepcocmosamenbHoul
ouenkout 11 f .) 910, B KOHEUHOM CYETE, IPUBOJIUT K TOMY, YTO OIICHKH B OTAEIHHOM ypaBHECHUU
ECM, wucnosnb3yromue OLCHEHHbIE 3HA4YEHUs  z, ,, MMEIOT TO K€ CaMO€ AaCUMITOTHYECKOe

pacripesieieHie, 4YTO M OLIEHKa MaKCHUMaJIbHOTO IPaBJONOA00US, HCIOJIB3YIONass HCTHHHBIE
3HaueHus z, , . (OOBIYHO 3TO aCUMOTOTHYECKH HOpMaibHOe pacmpenenenue.) Ilpm stom HK-

OLCHKHU CTaHAAPTHBIX omunbOK Bcex K03(1)(1)I/IIII/ICHTOB ABIAKOTCA COCTOATCIBbHBIMH OLICHKaMH
HUCTHUHHBIX CTAHAAPTHBIX OIINOOK.
BaMeTI/IM, 4YTO HOCICAHHEC PE3yJIbTaTbl CHPABCIJIMBbBI HECMOTPSA HA TO, YTO PAJ OLCHCHHBIX

3HaueHUH Z, (JOpPMaJbHO HE ABISETCS CTALIMOHAPHBIM, IOCKOJIBKY [ # f.

OTMeTHM TaKXe, 4YTO €CJI Mbl XOTUM HCIIOJIb30BaTh IPYTYI0 HOPMUPOBKY KOMHTETPUPYIOILETO
Bextopa B Buze (6, 1)’ , To HaM NPHIETCS OLEHHBATH PETPECCHI0 X; HA KOHCTAHTY U Y, , M 3TO
MIPUBEIET K BEKTOPY, HE MPONOPLUHUOHATBHOMY BEKTOPY, OLICHEHHOMY B IIEPBOM CIIydae.

3ameuanue



Tort ¢akr, uto [ ObicTpee 0OBIYHOTO CXOAUTCS (TI0 BEPOATHOCTH) K [, BOBCE HE O3HAYAET,UTO

MBI MOXEM IIOJIb30BaThCS Ha IMEPBOM IHare mnpoueaypbl OHria — ['peHmxepa OOBIYHBIMU
PErpeCCUOHHBIMU KpUTEepUsMU. €10 B TOM, 4YTO IIOJy4YyaeMble Ha IEPBOM IlAre OLEHKU H
CTaTHCTUKH, BOOOIIE TOBOPS, UMEIOT HECTaHAAPTHBIE ACUMITOTUYECKUE PACIIPE/ICTICHHUS.

OnHako mepBbId 1Iar SIBJISETCS B IAHHOM KOHTEKCTE BCIIOMOTaTeNIbHbIM, U HAa 3TOM LIare HeT
HEOOXO0MMOCTH oOpalllaTh BHUMaHUE Ha COO0IaeMble B MPOTOKOJIAX COOTBETCTBYIOLIUX MAKETOB
porpamMM 3HAYEHUSI CTATUCTHUK.

HanpoTtus, Ha BTOPOM IIare Mbl MOXKEM HCIOJIb30BaTh OOBIYHBIE CTATUCTHUYECKHUE MPOLIETYPHI
(pa3zymeercsi, €ciid KOJIMYEeCTBO HAOIIOACHNI HE MaJIO U €CJIM KOMHTETpalus UMEeTcs).

IIpumep
PacmoTpum peanuzanuio npoiecca NopoKICHHUS JaHHBIX

DGP: x;=xi-1t+ &, ye =2x+v,,
rne x1 =0,a & ®W Vv, — TMOPOXIAaEMbIe HE3aBHCUMO IPYT OT Jpyra IMOCJIeI0BATEIbHOCTH
HE3aBUCHMBIX, OJIMHAKOBO pACHpPEICIICHHbIX CIy4YailHbIX BEJIMYMH, MMEIOLUIMX CTaHJIapTHOE
HopMmanbHOe pacnpeneneaue N(0, 1). ['paduku moyueHHBIX peanu3anuid psSaoB X, U ), UMEIOT
CJEYIOIINNA BU]L

-20

-30

-40

[Tapa (x;, y;) oOpa3yeT BEKTOPHBINA MPOIIECC aBTOPETPECCUHU
X = X1t &,
Ve =2x 11,
rae #,= v, +2¢ ~i.i.d N(O,5).
B dpopme ECM mapa ypaBHeHUI TPUHUMAET BUT
Ax, =&,
Ay ==i-1=2x ) T ==z tn,
rae z; =y —2 Xy,
WIH
Ay =01z 1t e,



Ayy=o0o0z 1+,
rne a; =0, o, =—1, TaK 41O oc12 +a22 > (.

Ha npakTuke, npuctynas K aHaJIM3y CTaTUCTUYECKUX JTAHHBIX, UCCIEAOBATEIb HE 3HAET TOYHO,
kakoi mopsanok umeer VAR B DGP. Umes 3To B Buay, BeIOEpeM [JIsl OLIGHWBAaHHUS B KauecTBe
craructudeckoil moxenu ECM B Bune

Ax;=onzio 1+l oAy 1+ v,

Ay =00z 1+ y2Ax, 1 + 021y 1+ wy,

JIOTTyCKasl, YTO JAHHBIE MMOPOXKAAIOTCI MOJIEIBbI0 BEKTOPHOM aBTOPErpPECCUH BTOPOro mopsiaka (p =
2). lns ananu3a ucnonibzyeM 100 HaOrO 1eHUH.

(I mmar) Hcxomum u3 mogenu y, = a + B x;+ u, .
OneHeHHast MOJECIB:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.
C -0.006764 0.165007  -0.040992 0.9674
X 1.983373 0.020852 95.11654  0.0000
R-squared 0.989284 Durbin-Watson stat 2.217786
T.€.

yi= —0.006764 +1.983373 x, + u,,
TaK 4To

z, = u,= y,+0.006764 — 1.983373 x, .

Honyctus, uto VAR umeer nopsaaoxk 2, npu UCHOiIb30BaHUM Kputepus Juku — Pysuiepa s
IIPOBEPKU PANOB ); U X; HA KOUHTETPUPOBAHHOCTH B IIPABYIO YaCTb YPAaBHEHUS BKIIIOYAEM OIHY
3aI1a3/bIBAIOLILYI0 PA3HOCTh:

Az, =9z +0AZ, +(. ,

OuenuBas nocieHee ypaBHEHUE TOIyYacM:
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(Z)

Sample(adjusted): 3 100
Included observations: 98 after adjusting endpoints

Variable Coefficient Std. Error  t-Statistic  Prob.

Z(-1) -1.153515 0.151497  -7.614088 0.0000

D(Z(-1)) 0.038156 0.100190  0.380837  0.7042

[TonyyeHHOE 3HaUYE€HUE TECTOBOM CTATUCTHKM [, = — 7.614 HamHOro Hmxke 5% KPUTHYECKOIrO

ypoBHs  —3.396 (cm. [Patterson (2000), Tabmuua 8.7]). ['mmore3a HEKOMHTErPUPOBAHHOCTH
paccMaTpUBacMbIX PSJIOB  YBEPEHHO oOTBepraercs. (BBuay cTaTHCTHYECKOW HE3HAYMMOCTH
koo duimeHTa mpu 3ama3abBalONICH pPa3HOCTH, MOXHO OBUIO OBl MEPEOICHUTh MOZETb, HE



BKJIFOYasl 3aa3/bIBalOIlyI0 Pa3HOCTh B IPABYIO 4acTh ypaBHEHUsS. DTO a0 Obl 3HAYCHHUE f, = —
11.423, npu KOTOPOM TUIIOTE3a HEKOMHTETPUPOBAHHOCTH OTBEpraercs eme 0oJiee yBepeHHO.)

Takum 00pa3oM, Mbl NPUHUMAEM DPELIEHUE O KOMHTETPUPOBAHHOCTU PAOB ); U X , U
HepexoaUM K IOCTPOSHUIO MOJIENIH KOPPEKIIMU OLIHOOK.

(IIar IT) CHauana OTAENbHO OLIEHUBAEM ypaBHEHUE IS Ax; :
Dependent Variable: D(X)

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.028016 0.100847 -0.277810 0.7818
Z(-1) 0.250942 0.176613 1.420858 0.1587
D(X(-1)) 0.639967 0.257823 2.482201 0.0148
D(Y(-1)) -0.258740 0.116654  -2.218019  0.0290

HOO‘-IGpGI[HOC HUCKIIOYCHUEC U3 HpaBOfI JaCTh YpPaBHCHHUA IICPEMCHHBIX CO CTATHUCTUYCCKU

HE3HAYUMBIMU KOd(puiimeHTaMu ¥ HanOoIbIuM P-3HaueHHEeM PUBOIUT K OIIEHEHHON MOJIENN
Dependent Variable: D(X)

Variable Coefficient Std. Error  t-Statistic Prob.
D(X(-1)) 0.115141  0.100249  1.148554  0.2536
U, B KOHCYHOM CUYETE, K MOJECIHN

Axi= v, 5

KOTOpas ¥ ObljIa UCIOJIb30BaHAa MPU OPOKIACHUM PSAa X;.

OueHuBas Tenepb ypaBHeHUE U1l Ay, , IOJIy4aem
Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.060101 0.211899 -0.283630 0.7773
Z(-1) -0.641060 0.371097 -1.727472 0.0874
D(X(-1)) 1.313872 0.541733 2.425311 0.0172
D(Y(-1)) -0.482981 0.245111  -1.970459 0.0517

Hckimrouas u3 npaBoil 4aCTHU OLEHUBAEMOI'0 YPAaBHEHUS KOHCTAHTY, MOJIYy4aeM:
Dependent Variable: D(Y)

Variable Coefficient Std. Error t-Statistic Prob.
Z(-1) -0.638888 0.369218 -1.730381 0.0868
D(X(-1)) 1.317763 0.538932 2.445138 0.0163
D(Y(-1)) -0.483722 0.243908  -1.983217 0.0502

Xots q)OpMaJ'II)HO 34€Ch CJICI0BaJIO Obl HavaThb MCKIIOYEHHE CTATHUCTHYECKH HE3HAYMMBIX

IMEPCMCHHBIX C ét—lﬂ MBI JOJDKHBI IIPUHATHL BO BHHMAHUC YIKC IMPUHATOC PCHICHUC O

KOI/IHTerI/IpOBaHHOCTI/I pﬂI[OB Ve B Xt . HO €CJIN 3TN pﬂI[LI I[eI\/JICTBI/ITCJIBHO KOI/IHTCFpI/IPOBaHLI, TO B
ECM 10i1KHO BBEINOJHITHCSA COOTHOIIIEHHE a12 + a22 > 0. [TockonbKy K€ NepeMeHHas z; - | He
BOLIUIA B IIPAaBYI0 YacCTb YpaBHEHHUs Uil Ax; , OHA JOJDKHA OCTaBaThbCs B IIPAaBOM YacCTH YpPaBHEHUs
s Ay, . Ecniu HayaTh MCKIIIOYEHUE C MEpeMEHHOM Ay, — |, TO B OIIEHEHHOM PEAyIMPOBAHHOM
ypaBHEHUU



Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.
Z(-1) -1.186411 0.248876  -4.767072 0.0000
D(X(-1)) 0.331411  0.210732  1.572671  0.1191
CTAaTHCTUYECKU HEe3HAYMM Kod(pdumment mpu Ax, | , YTO IPUBOJUT HAC K YPaBHCHHIO Ay, =
Z,, + W, , OlleHHBask KOTOPOE, MOTy4aeM

Dependent Variable: D(Y)

Variable Coefficient Std. Error  t-Statistic Prob.
Z(-1) -1.273584 0.247887  -5.137760 0.0000
[IpoBepka runore3sr Ho: ap =— 1 naer:

Null Hypothesis: C(1)= -1

F-statistic 1.218077 Probability 0.272441
Chi-square 1.218077 _ Probability 0.269738

ITockoJibKy 3Ta TUIIOTE3a HE OTBEPIaeTCsl, Mbl MOKEM OCTAaHOBUThHCA Ha Mojaenn ECM
Ax; =&, Ayt:— 2,_1 +wy,
rjae
Z,, = »-1+0.006764 — 1.983373 x;_, .
[TogcraHoBKa MMOCIETHETO BBIPAXKEHUS Ul Z, , B ypaBHEHHE JUIl Ay; MPUBOIUT K COOTHOLICHHIO

vy = —0.0068 +1.983 x;,_ 1+ w;,
KOTOpOE OJIM3KO K COOTHOIIEHHIO

Ve =2x-1+ 1,
COOTBETCTBYIOILIEMY HCIONIb30BaHHOMY DGP.

3ameTnM, HaKOHEI, YTO IIOCIENOBaTeIbHOCTE W; = Ay, + Z,, HICHTHQUIUPYETCS MO
HaOIOaeMO €€ peaju3alii KaK TayCCOBCKMM OeJblid IIyM C OIICHCHHOW nucriepcued 4.62
(ucrionp3oBanHoMy DGP cootBerctByer 3Hadenwe 5.00), a mocnemoBaTelnbHOCTh & = Ax;
UICHTU(UIIUPYETCS  KakK rayCCOBCKUU O€blii IIyM C OILCHEHHOW JHCTePCHEH 1.04

(ucnionp3oBanHoMy DGP cootBerctByeT 3Hauenue 1.00).

Onenns ECM 1 0cTaHOBUBIINCH HA MOJCIIH

Ax; =&, Ayt:— 2,_1 +wy,
MBI TEM CaMbIM OOHAPYKHBAEM, UTO KOPPEKIUS TPOU3BOJUTCS TOJIBKO B OTHOIICHUHU PsiAa )y : TIpU
HOJOXKUTEIBHBIX Z, | , T.C. IPH

Vi1 — (=0.0068 +1.983 x,_1) >0,
B IPaBOM 4aCTH ypaBHEHUs Al Ay, KOPPEKTHPYIOLIas COCTaBIAOINAsS —Z, , OTpUIATENIbHA U
JIEUCTBYET B CTOPOHY YMEHbIIICHUS IPUPALLECHUS IepeMeHHo ;. HanpoTus, rnpu oTpuLiaTeIbHBIX

A

Z,, KOppEeKTHpyIoIllas COCTaBJIAIOLIasl [JEHCTBYeT B CTOPOHY YBEIMYEHMs IpHUpAILEHUs
MIEPEMEHHOM ), .



ITponuible 3HaUCHNS IEPEMEHHOM X; Yepe3 MOCPEACTBO Z, , HOMOTaioT B IPOrHO3MPOBAHUU

3Ha4YEHUs ); , T.€. IEPEMEHHAs X; ABJIIETCS NPUYMHOM 1O ['peHmkepy s nepemMeHHoun y;. B to
K€ BpPEMsl, IPOLIbIE 3HAYEHUS IEPEMEHHOM ), HUKAK HE IIOMOTal0T POTHO3UPOBAHUIO 3HAYEHUS
X;, TaK 4TO ), HE SIBIAETCSA NPUYMHOM 110 I'penmpkepy i x; .

3ametuM pganee, yto gaxe eciu B ECM  Cov(v, wy) # 0, orleHuBaHue napsl ypaBHeHHil ECM
KaK CHCTeMbl HE TIIOBBIIACT S(PQPEKTUBHOCTH OLEHOK, ITIOCKOJBKY B IpaBble YacTH 00OWX
ypaBHCHI/Iﬁ BXOAAT OAHHU U TC XK€ IICPEMCHHBIC.

PacmoTtpenHsIil B HallleM npuMepe MpoIecC MOPOKICHUS TaHHBIX

DGP: x;=x;-1té&, yi =2x+ v,

SBJISICTCSI YaCTHBIM CJIy4aeM MOJEINIU, U3BECTHON Kak mpeyzonvhas cucmema @uinunca. B
oOmiem ciydae (7151 IByX pSZOB) 3Ta CUCTEMa UMEET BU/T

e = ﬁ Xet vy,

Xt =Xi-11 &,
rae (g, v,) ~iid Ny0,%) — HOCIENOBATEIBHOCTD HE3ABHCUMBIX, OJMHAKOBO PACIIPEICICHHBIX
CIIy4aiiHBIX BEKTOPOB, HMEIOIIUX [BYMEPHOE HOpPMajbHOE pacIpelie]ieHHe C HYJEBBbIM
MaTeMaTUYeCKUM OXHJIAaHHEM W KoBapualmoHHouW matpuie X . (Takas mocienoBaTelbHOCTH
HA3bIBACTCS 08YMEPHBIM 2AYCCOBCKUM OEbIM ULYMOM.)

Ecnu marpunia ¥ auaronaneHas, Tak 4to Cov(e; , v;) = 0, TO TOrAa X; SBISICTCS dK30T€HHOU
MIEPEMEHHOI B NIEPBOM YPaBHEHHH, U HUKAKUX MPOOJIEM C olleHnBaHHEeM Koddduumenta [ B 3TOM
Clly4yae HE BO3HMKAET.

Eciu xe Cov(e , v;) # 0, To TOrma x; yxe He SBISETCS dK30T'€HHOI MepeMEHHO B MEPBOM
ypaBHeHUH, T.K. ipu 3toM  Cov(x; , v;) = Cov(x, -1 + & , v;) # 0. IloaTromy mosydaemasi B IepBOM
YpaBHEHUHU OIICHKA HAMMEHBIIUX KBAAPATOB Al f HE UMEET Jake aCUMIITOTUYECKHA HOPMaIbHOTO
pacrpeieieHus.

B nanbHelinem Mbl ele BepHEMCsl K IpoOjeMe OLEHHBAHUS KOMHTETPUPYIOLIETO BEKTOpa, a
ceifuac oOpaTUMCst K BOIIPOCY O KOMHTErpalli HECKOIbKUX BPEMEHHBIX PSJIOB.

Ilycte Mbl mmMeeM N BpEeMEHHBIX PSIOB Vi , ... , VN ¢, K&XKIBIH U3 KOTOPBIX SIBIISCTCS
MHTErpHpOBaHHBIM TIopsiaka 1. Ecimu cymectsyer Taxoii Bektop S = (B1, ... , fv)’ , OTIMUHBIH OT
HYJIEBOTO, JUII KOTOPOT'O

Liyviet ...+ Byvyn: ~1(0) — craumoHapHslit psa,

TO TOBOPSIT, YTO 3TH PSJIbl KOUHMEZPUPOBAHbL (8 Y3KOM CMbICIE); TAKOW BEKTOP [/ HA3bIBACTCS
Kounmezpupyowyum BextopoM. Ecinu npu sTom

c=EB iyt ...+t Pvyno,
TO TOraga MOXXHO FOBOpI/ITB (] 00ﬂ208peMeHHOM RnOJ10)ICeHUU patmosecuﬂ cucmemsl B BUJIC

Liyvit ... tBvyn: =c.




B kax[pli1 KOHKPETHBII MOMEHT BPEMEHU ¢ CYIIECTBYET HEKOTOPOE OMKIOHEHUe CHUCTEMBI OT
3TOT0 MOJIOKEHUSI PABHOBECHSI, XapaKTEPHU3YOLIEECs] BETNUYNHOM

=Pyt ...t Pvyne —c.

Pan z;, B cuily caenaHHbIX IPEANONIOKEHUN, ABISIETCS CTAMOHAPHBIM PSIOM, UMEIOLUM HYJIEBOE
MaTeMaTUYECKOE OXHUJAHHE, TaK YTO OH JOCTAaTOYHO 4YacTO IEPECEKAET HYJIEBOW YPOBEHb, T.€.
cUCTeMa KoJebJIeTcsl BOKPYT YKa3aHHOTO BBIIIE TOJI0KEHUSI PABHOBECHSI.

EcrecTBeHHOU npouenypou 1k HPOBEPKHA KOUHTETPUPOBAHHOCTHU PAJIOB Vit ... , YN SBIAETCS
MIOCTPOEHUE PETPECCUHU OJHOTO U3 ATUX PSAAOB HA OCTalbHbIE N — 1 PSAOB M MpPOBEpPKA TMIOTE3BI
HaJIM4us €AUHUYHOIO KOPHS Yy psAlla z; HA OCHOBAHUU HCCIICIOBAHUS PsA/Ia OCTATKOB OT OLIEHEHHOU
perpeccun. lHaue roBopsi, Mbl OLIEHUBAEM, HAIPUMEDP, MOJIEIb

Yie=01+60yr+ ..+ Ovyn: tu,

Y IIPOBEPSEM TMIIOTE3Y €AMHUYHOTO KOPHSA Ha OCHOBAHUU UCCIIEI0BAHUS Psi/ia OCTATKOB

ﬁz =Vu - (01+ 492)/2t+ o HNyNt)a

onupasch Ha cratucTuky Jukum — @ymiepa. KpuThueckue 3HAYEHUST MOXKHO HAWTH, ClEays

[MacKinnon (1991)] (cm. Takxke [Patterson (2000), Tabnuma AS8.1]).
Ecnu runore3a eMMHIYHOTO KOPHSI OTBEPraeTcs, TO BEKTOP

p=01,-6,,...,—0,)
OepeTcsl B KaueCTBE OLIEHEHHOI0 KOMHTErpUpyrolero sekropa. Ilpu 3Tom oTKIIOHEHHE CUCTEMBI OT
MOJIO’KEHUSI PABHOBECHS OIICHUBAETCS BETUYMHON

Z, =1

t

[TosicHuM Terephb, YTO MbI UMENIH B BUJIY, OTOBapUBasi, YTO MPHUBEICHHBIC BBIIIE ONPEICICHUS
KOMHTCrpanuu COOTBCTCTBYIOT KOMHTCIPAIIMHU B Y3KOM CMBICJIC.

B npHBeIEHHBIX ONpEICICHUSX HeHyseBoii Bektop S = (B, ... , fy)’ ompenemsuicss Kak
KOUHTCTPUPYIONIMHA BEKTOP, €Clu 51 Vi, + ... + By Yy, — CTAllMOHAPHBINA Psii. ITO O3HAYAET, YTO
eclu psabl  Yi , ... , Vv ¢ (10 KpaliHEH Mepe, HEKOTOpbIE W3 HHUX) COJEp)KaT, Hapsay Co
CTOXaCTUYCCKHUM, CHIC W ACTCPMHUHUPOBAHHBLIC TPCHAbI, TO TOTAa KOI/IHTGFDI/IDVIOHII/Iﬁ BCKTOP
JIOJDKEH aHHYJUpOBaTh 00a BUJIa TPEHJIOB OJHOBPEMEHHO. M B CBSI3U C ATHM, KOMHTETPAIIUIO B
Y3KOM CMBICJIC HA3bIBAIOT €IIC 0eMmEPMUHUCMCKOL KOUHmezpayueil.

7.3. lMpoeepka HeCcKobKUX pPsi008 Ha KOUHMe2pupo8aHHOCMb.
Kpumepuu Quku — ®ynnepa

311ech HaJlo pa3anyaTh HECKOJIBKO CIIy4aeB.
(1) KounTerpupyrommuii BeKTOp onpeae/sieTcsi IKOHOMHUYECKOH TeopHei.



Toraa Ha0 MPOCTO MPOBEPUTH HA HATTMYHE SAUHUIHOTO KOPHS COOTBETCTBYIOIIYIO JTUHEHHYIO
KOMOWHAIAIO

Biyut ...+ Bvyn: .
[Tpu 3TOM HCHIONB3YIOTCS T€ K€ KPUTHUYECKHE 3HAYCHHUS, KOTOPhIC PACCUMTaHbl HA TIPUMECHEHUE K
OTJICIbHO B3SITOMY PSY; OTH 3HAYCHHUS HE 3aBUCAT OT KOJIMUYECTBA 3aJICHCTBOBAHHBIX PSIOB N .

IIycTh BO3MOKHBIH KOMHTEIPUPYIOLIHMI BEKTOP He ONpe/e/IeH 3apaHee.
Torma oTnenapHO paccMaTpUBAIOTCS CIELYIOIINE CUTYALNH.

(2) Paasl yisy ..., YN HEe HMEKOT JeTEPMUHUPOBAHHOIO TPpeHaa (tounee, E(Ayx,) =0).

(2a) B xouHTerpauMoHHoe coOoTHOMIEeHHE (SM) KOHCTAHTA He BKJIIOYAETCS.

B sTom cnyuae Mbl olleHHBaeM

SM: yi =p2yut . tynynet g,

MOJTy4aeM PsiJl OCTaTKOB

u, =y, _(7;2y21 +"'+7;NyNt)’
OLICHMBAEM MOJIEIIb PErpeccun

Au, =pu, +§Au, | +...+ AU, +e,

C JOCTaTOYHBIM KOJMYECTBOM 3ama3bIBAIONIMX pa3HOCTe W mpoBepsieM rumotedy Hp: ¢ = 0
npoTuB asnbrepHaTuBbl Ho: ¢ <0 .

Ha »roT pa3s kpuruueckue 3HAUEHMs JUId  [-CTATUCTUKU  f, 3aBUCAT OT KOJIMYECTBA
3aielicTBOBaHHBIX PsiioB N . Ilpu OONBIIOM KOJIHYECTBE HAOJIOJEHUN MOXKHO HCIIOJIb30BATh
KpUTHYECKHE 3HayeHus, npuBeneHHble B [Hamilton (1994), Table B.9, Case 1]. Omnako Ha
NPaKTUKE B TPABYIO YacTh OLICHUBAEMOT0 YPAaBHEHHUSI KOHCTAHTA OOBIYHO BKIIFOYACTCS.

(2b) B komHTerpanuonHoe cooTHomenue (SM) KOHCTAHTA BKJIKYAETCS.

B 3TOM ciyyae MBI OLIeHHBaeM

SM: yu=a+ypyut .. tyvynetu,

OIISIThH [OJIy4aeM Psii OCTATKOB — TENEpPb 3TO OyIET psl
U, =y, _(&+7;2y2x +"'+7;NyNt)’
OILICHMBAEM MOJEIb PErpeccuu

Ai, =@u, +§ AU, | +...+ AU, +eé,

C JIOCTaTOYHBIM KOJIMYECTBOM 3alla3[blBalOIIMX pa3HOCTeW W mposepsiem runoresy Ho: ¢ = 0
MPOTUB alibTepHATUBBI Hp: 0 <0 .

Kputnueckue 3HaueHHs B 3TOM Cllydae OTIMYar0TCs oT ciaydas (2a). [lpu Gosbom KonudecTBe
HAOJIOZCHUI MOXHO HCIIOJIb30BaTh KPUTHYECKUE 3HA4YeHHs, NpuBeaeHHble B [Hamilton (1994),
Table B.9, Case 2]. Ilpu HeGonpmux 7 KpUTHUYECKHE 3HAUYEHUS BBIYUCISAIOTCS MO (opMmyie,

npuBeneHHoil B [MacKinnon (1991), tabnuna 1 (Bapuant “no trend”)] m BOCHpOM3BENCHHOW B
[Patterson (2000)].



(3) XoTtsi ObI OTUH U3 PAXOB Y2, ... , YN UMeeT JUHEHHBIH TpeHa , Tak yTo E(Ayx,) # 0
XOTs1 ObI /1JI5l OTHOTO U3 PErpeccopoB.

(3a) B KoMHTerpauMoHHOE COOTHOIIEHHE BKJIIOYAETCS KOHCTAHTA.

B sTtom cnyuae oneHuBaeTcs

SM: yy=a typyut .. Tyvynetu.

Jlanee peiictByeMm omATh Kak B (2b), TONbKO KpuTHYeckHe 3HaueHus Apyrue. [lpu Oomnbimom
KOJIMYECTBE HAONIOJACHUNA MOXKHO WCIOJB30BaTh KPUTHUYSCKUAE 3HAYCHHS, NPUBCICHHBIC B
[Hamilton (1994), Table B.9, Case 3]. IIpu HeOonpmux 7 KpUTHYECKHE 3HAYCHUS BBIYUCIISIOTCS
no ¢opmyie, npuBeneHHOH B pabote [MacKinnon (1991), Table 1 (Bapumant “with trend”)] u
Bocmpou3BeeHHOM B [Patterson (2000)].

(3b) B kouHTerpanuoHHOE COOTHOIIIEHUE BKJIIOYAETCH JUHEHHBIN TPEH/I.

B sTom cnyuae oneHuBaeTcs

SM: yi,=a+dt+ymyut..tyvynet u.

JleiicTBy Tak ke, Kak U paHee, UCIOIb3yeM Te JKe TaONIuLlbl, uTo U B (3a), HO TONBKO He g N
,amst N+ 1 nmepeMeHHBIX.

Bxirouenue TpeHia B KOMHTETPAIIMOHHOE COOTHOIIEHUE MPUBOJUT K YMEHBIIIEHUIO MOIITHOCTH
KpUTEpUs U3-3a HEOOXOIMMOCTH OIICHUBAHUS “‘Melaioniero” mapameTrpa o . OJHaKO TaKoW MOAX0
BIIOJTHE YMECTEH B Te€X ClIydasiX, KOTJla HET TMOJHON yBEPEHHOCTH B TOM, UMEETCS JIM HEHYJIEBOU
TPEH]T XOTS OBl Y OJTHOTO U3 PAIOB V17, Y2t s «-- » VN1 -

IIpumep
CmonenupyeM peanu3alnu YeThIpeX PSAOB Vis , Var» V3 » Var » CACAYS MPOIECCY MOPOKICHUS

JTAaHHBIX
DGP: Yu=Yatt Y3, it ya.ten,
YV = Vo, i-171 &x,
V3 = Y3, -1t &3,
YVar = Va1t €4,
TAC €11, €y, € , €44 — HE3ABUCUMBIC IPYT OT JAPYra MPOIECCHl TayCCOBCKOTO OENOoro mryma ¢
JIUCTIEPCUSIMU, PaBHBIMU | 11 &€, €31, €4y U 2 A &4
I'paduku nonyuennsix peanuzanuii 1 7 = 200 npuBeIeHbI HIDKE.
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He 3Hast TouHO mpoliecc MOPOKACHUS JaHHBIX, Mbl JIOJKHBI ObLIIM OBl HAYAaTh C UCCIIEIOBAHUS
OTJENBHBIX DPSJIOB. Y BCEX YETHIPEX PsJIOB HE OOHApPYyKUBAETCA JAETEPMUHHPOBAHHOIO TPEHAA.
[IpoBepka no kputeputo duku — @ynnepa gaet 3HaYeHUs #-CTAaTUCTUK, paBHble — 2.18, — 1.78, —
0.57, —-1.70, coorBercTBeHHO. @ Bce 4  psga  OpU3HAIOTCS  MHTErPUPOBAHHBIMU.
[IpoauddepenupoBannbie psiibl UISHTUGUIUPYIOTCS KaK rayCCOBCKHE O€lble IIyMbI, TaK YTO
pPAABL Vi , Var » V3 , V4 BAeHTUOUIMPYIOTC Kak AR(1) psiipl ¢ eIMHUYHBIM KOpHEM, T.€. Kak
MHTETPUPOBAHHBIE Psi/ibl OpsiAKa 1.

Tenepb MOXXHO IPUCTYNUTH K MPOBEPKE 3TUX YETHIPEX PsIIOB HA KOMHTETPUPOBAHHOCTb.

(1) Ecnu “sxoHOMUYECKasi TEOPUS MPEANOIaraeT TEOPETUIECKOE
JIOJITOBPEMEHHOE COOTHOLIEHHUE MEXKIY PacCMaTpUBaeMbIMU psiiaMu B (popme

Yie = Vot y3 et Vas,

TO MBI IIPOCTO MPOBEPSIEM HA HHTEIPUPOBAHHOCTD PSIL
Yie = Vo, e = V3, = V4t -
['padux sTorO psina
8

6

4 4
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BIIOJIHE MOXO0X Ha rpauK CTAallMOHAPHOTO psiAa, YTO IMOATBEPIKIAETCS MPOBEPKON MO KPUTEPHUIO
Huku — dyniepa: BBIUKMCICHHOE 3HAYEHUE f-CTATHUCTHKU Kputepus paBHo — 15.07. I'mmoresa
HEKOWHTETPUPOBAHHOCTH PSIIOB OTBEPracTCsl.

[TpencraBuM Tenepsp, 4TO TEOPUS HE NPEUIAracT HaM FOTOBOIO KOMHTETPUPYIOLIETO BEKTOPA.

(2a) OuennBaHME CTATUCTUYECKOW MOIENIN O€3 BKIIIOUEHUSI B HE€ KOHCTAHTHI IAeT:
Dependent Variable: Y1
Method: Least Squares

Variable Coefficient Std. Error t-Statistic Prob.

Y2 0.996084 0.009973 99.88161 0.0000
Y3 0.992550 0.009578 103.6296 0.0000
Y4 1.002305 0.012393  80.87922  0.0000

[Ipu oueHrBaHUM TECTOBOTO ypaBHeHUA [uku — @yiuiepa i psiia OCTaTKOB MOJy4aeM
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RESID_2A)

Variable Coefficient Std. Error  t-Statistic Prob.
RESID_2A(-1) -1.075552 0.070892  -15.17178 0.0000
BoluniciieHHOE 3HaueHME {-CTAaTUCTHKU Kputepust paBHO — 15.17, yto HamHoro Hmxke 5%
KPUTHYECKOTO 3HAYCHUS — 3.74 ([Hamilton (1994), Table B.9, Case 1]). TI'mmoresa

HCKOMHTCIPUPOBAHHOCTU OTBCPracTCs.

(2b) OueHnBaHUE CTATUCTUYECKON MOJICIN C BKIIFOUCHHEM KOHCTAHTHI:
Dependent Variable: Y1

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.332183 0.373542 0.889279 0.3749
Y2 1.002583 0.012369 81.05843 0.0000
Y3 0.987369 0.011215 88.04048 0.0000
Y4 0.999022 0.012937  77.22129  0.0000

IIpu ouennBannu TecToBOro ypasHenus Juku — Oysuiepa i psaa OCTaTKOB I10Jy4aeM
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RESID_2B)

Variable Coefficient Std. Error  t-Statistic Prob.
RESID_2B(-1) -1.079049 0.070861  -15.22764  0.0000
BeluucnenHoe 3HaueHue f(-CTaTUCTHUKM — 15.23  omare HamMHOro HWxke 5% KPUTHUYECKOTO
3HaueHus, koropoe 3aech paBHo — 4.11 ([Hamilton (1994), Table B.9, Case 2]). ['umore3a

HEKOMHTETPHUPOBAHHOCTH OTBEPTacTCsl.
(3) Moaudunupyem Teneps psia yi; , nepexons K psaay y*, = yi, + 0.75t, rpaduk koToporo B
CpaBHEHHH C TPAQHUKOM psijia Vi, UMEET CICTYIONNI BUI:
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(3a) OrmenuBaeM CTaTUCTUYECKYIO MOJIETh C KOHCTAaHTOM B MPAaBOW YaCTH:

Dependent Variable: Y1_STAR

Variable Coefficient Std. Error  t-Statistic Prob.

C 11.49053 2.704802 4.248195 0.0000
Y2 -1.333762 0.089561 -14.89224  0.0000
Y3 2.856952 0.081207 35.18115 0.0000
Y4 0.072630 0.093677  0.775323  0.4391

B sTom clIy4dac rpaq)m( OCTaTKOB MMEET HECKOJIbKO OTINYHBIN BU:
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IIposepka o Jluxu — Oyiuiepy Haer Ciaeayolue pe3yabTaThl:
ITpu oneHnBaHUM TeCTOBOrO ypaBHeHus [Juku — Dyiepa 1 psla OCTaTKOB IOJIy4aeM

Augmented Dickey-Fuller Test Equation
Variable Coefficient Std. Error  t-Statistic Prob.

RESID_3A(-1) -0.119805 0.033630  -3.562431  0.0005

Brruncnennoe 3HaueHue ¢-CTaTUCTUKH — 3.56 Bbilie 5% KpUTHUECKOTO 3HAYEHUs, KOTOPOE 3/1€Ch
paBHo — 4.16 ([Hamilton (1994), Table B.9, Case 3]). ['unore3a HEKOMHTETPUPOBAHHOCTH HE
OTBEPraercs.

(3b) BxirouaeM B mpaByro 4acTh TPEHI:
Dependent Variable: Y1_STAR

Variable Coefficient Std. Error  t-Statistic Prob.

C 0.304068 0.390739 0.778187 0.4374
@TREND 0.751890 0.007507 100.1621 0.0000
Y2 1.008470 0.026468 38.10166 0.0000
Y3 0.982658 0.021830  45.01453 0.0000
Y4 1.001356 0.015942  62.81247  0.0000

I'padux ocTaTkos:
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[Mocnennuii rpaduk mMoxox Ha rpaduK CTAMOHAPHOTO Psijia, YTO MOJITBEPKAACTCS MPOBEPKOU IO
Huku — Oynnepy:

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(RESID_3B)

Variable Coefficient Std. Error  t-Statistic  Prob.

RESID_3B(-1) -1.079492 0.070859  -15.23448 0.0000
BoruncnenHoe 3HaueHue f-ctatucTuku — 15.234 HamHOro Huxke 5% KpUTHYECKOrO 3HAUYECHMS,

KOTOpPO€ 37IeCh PaBHO —4.49 ([Hamilton (1994), Table B.9, Case 3]). ['unoresa
HEKOMHTETPHPOBAHHOCTH OTBEPIaeTCsl.

[locnennue nBa pesynbTaTa BeCbMa BaXXHbI I YTOYHEHUS TOTO, YTO IIOHMMAETCS IIOJ
KOMHTETpalMed B HACTOALLEE BPEMS.

®akTU4eCKH, Mbl OOHApYXUJIU cleaytouee. Psaabt yi;, V2, V3¢ , Y4 KOUHTETPUPOBAHBI B TOM
CMBICJIE, KOTOPBIHA ObUI ONpe/esieH Bhlllle (KOMHTEIPUPOBAHbI B Y3KOM CMbICiEe). IMEHHO B TakoM
BUJIE BBEJIM B OOMXOJ MOHATHUE KOMHTerpauuu OHra u I'penmxep. Paast y*i,, Yo, V3, Yo HE
ABJIAIOTCA KOMHTEIPUPOBAHHBIMU B Y3KOM CMbICiE. B TO ke Bpems, BKIIIOUEHHUE B NPaBYHO 4acTb
CTaTUCTUYECKON MOJIENIN TPEHIOBOM COCTABIIAIONIEH IPUBOAMT K CTALIMOHAPHBIM OCTATKAM.

BcnoMHuUM B CBSI3M € 3TMM, YTO IIPU BKIIOUEHUM TpPEHJA B IPAaBYI0 YacTb JIMHEWHOIO
PErpeCCHOHHOTO YpaBHEHUSI KOA(M(MUIIMEHTHI TPU OOBACHSIOMINX TIEPEMEHHBIX HHTEPIPETUPYIOTCS
Kak  KO3((UIMEHThl  JUHEMHOM  CBSI3M  MEXIY  I[E€PEeMEHHBbIMH,  OYMIIEHHBIMH _ OT
JeTepMUHUpPOBaHHOrO TpeHpa. [locnennue e JEHCTBUTENBHO OBLIM KOMHTETPUPOBAHBI I10
IIOCTPOCHHIO.

HabGmiomaemass  cuTyauuss u3BeCTHA  Telmepb I1OJ  Ha3BaHUEM  “cmoxacmuuecKkasn
kounmezpayua”. OHO yKa3bpIBae€T HAa HAJIMYNE KOMHTETPALIMOHHON CBSI3U MEXKAY CTOXAaCTUYECKUMHU
TPEHIaMH, BXOJALIMMH B COCTaB pPAacCMaTPHBAEMBIX pAIOB, M HE TpeOyeT COrIacOBaHHOCTHU
J€TEPMUHUPOBAHHBIX TPEHJIOBBIX COCTABISAIOMIMX ( €CIM TakoBble UMeEIOTcs). B 3ToM ciyuae
KOUMHTETPUPYIOLIUI BEKTOP aHHYJHUPYET CTOXAaCTHUYECKUN TpEeHJ, HO He 00s3aH OJHOBPEMEHHO
AHHYJMPOBaTh M JE€TEPMHHHUPOBAHHBIA TpeHA. /[lpyrumu cioBaMu, CyIIECTBYET JIMHEHHAs
KOMOMHAILIUA paccMaTpUBAEMbIX PsIIOB, KOTOopas oOpa3yeT psij, CTallMOHAPHBIA OTHOCUTEIbHO
JeTePMUHUPOBAHHOIO TPEH/1a, HO HE 0053aTEeJIbHO CTAllMOHAPHBIN.

B npoTuBONOI0KHOCTh CTOXACTHYECKOW KOMHTETPALUH, IIPYU HAJIMYUKA KOUHTEIPALMU B Y3KOM
CMBICIIE KOMHTEIPUPYIOIIUI BEKTOpP AHHYJIMPYET M CTOXAaCTUYECKMM W JIETEPMUHHPOBAHHbBIN
TPEHIbl, T.€. CYIIECTBYeT JIMHEWHas KOMOMHALUs paccMaTpUBAEMbIX psAI0B, oOpa3yrolas
CTallMOHApHBINA psif. B cBA3M ¢ 3TUM, O KOMHTErpaluu B Y3KOM CMBICIIE TOBOPST TAaKXE Kak O
0emepMUHUCMCKOU KOURmMezpayuu.

3aMmeuanue
3nmech camoe BpeMsi clienaTh OJHO 3aMedaHue. Mbl roBopwid B pasn. 7.1 o Tom, 4To mpu
OTCYTCTBI/II/I KOI/IHTeraHI/II/I MC)KI[y [[BYMSI I/IHTCFpI/IpOBaHHBIMI/I pHI[aMI/I HGHOCpeI[CTBGHHOe



OLICHUBaHHUE MOJEIH ;= a +f x; + u, OecCMBICICHHO, T.K. [IOJy4aeMasi OlleHKa [3, He sBJseTcs

OIICHKOM KaKOT0-JIN0O TEOPETUYECKOTO MapaMeTpa CBSI3H MEX/y IEpeMEeHHbIMA X; U ;. Eciu 06a
pAlla UIMEIOT TTOMHMO CTOXACTHYECKOTO €Il U JETEPMUHUPOBAHHBIA TPEH]I, TO OIIEHKA ﬁT BCC Ke
HE SBJISIETCS] CIIy4alHON BETUYMHOM, a CXOAMUTCS K HEKOTOpPOMl MmoCcTOsAHHOW. COOTBETCTBYIOIIEE
uccieaoBanue, nposeaeHHoe B padote [Entorf (1992)], mokasaino cienyroiee.

Ilycts

DGP: x, =puc +x,-1+ e,

Ve =yt Y1t e,

rie &1, U &; — HEKOPPEIUPOBAHHbBIE MEXKIY COO0M HpPOLECCHI OEIOro IIyMa, IPUYEM Ly , iy 7 0.
Torna npu OLIEHUBAHUU CTATUCTUYECKOW MOJIEIIN

SM: y,=a +8x;+ u,
OLICHKA ¢/, Ul a , BBIUUCIseMas o 1 HaOIroneHusM, mpu 1 — o0 pacXoauTes , a OleHKa ﬁT
st f CXOAMTCS N0 BEPOSTHOCTH HpH 7 — 00 K OTHOLICHUIO Wy / [y .
Ecau npu Tex ke yclnoBHUsAX OLEHUBATh CTATUCTUYECKYIO MOJIEIb

SM: yy=a+fx,tyttu,,

TO Toraa (mpu 7 — ) ¥, CXOIHUTCS MO BEPOATHOCTH K 4, , @ [3, CXOAUTCS IO PacIpeeICHUIO K

HEKOTOPOU CITy4aliHO# BeJIMYMHE, KaK U B CIydae JIOKHOM perpeccuu Ajsl caydalHbIX OyxKaaHui
0€3 CHOCOB.

7.4. OyeHusaHue KOUHMe2puUpoeaHHbIX cucmemM 8PEeMEeHHbIX pﬂdoe

ITlycte Mbl mmMeeM N BpEeMEHHBIX PSIOB Vi , ... , VN ¢, KOKIBIH U3 KOTOPBIX SIBIISCTCS
MHTErpHpOBaHHBIM TIopsiaka 1. Ecimu cymectsyer taxoii Bektop S = (B1, ... , fv)’ , OTIMUHBIH OT
HYJIEBOTO, JUII KOTOPOTO

Piyviet ...+ Bvyn:e ~ 1(0) — craumonapHbli ps,
TO PSIBl  KOUHMEZPUPOGAHbL (8 Y3KOM CMbicle); TaKOH BEKTOP S Ha3bIBACTCS
Kounmezpupyrujum BextopoM. Eciu ipu sTom

c=EPBiyut ..+ Bvyno,
TO TOT'Ja MOXKHO T'OBOPUTD O 00J1208PEMEHHOM NONOHCEHUU PAGHOGECUS CUCHIEMbL B BUJIE

Biyvut ..+t Bvyn: =c.

B kaxnplii KOHKPETHBIH MOMEHT BPEMEHH ¢ CYLIECTBYET HEKOTOPOE OMKIOHEHUe CUCTEMBI OT
ATOTO TOJIOKEHUS] PABHOBECHS, XapaKTEPU3YIOIIEeCs BETUIHHOM

z=Pyut..tPvyn:i —cC.

Psan z;, B cuity caenmaHHBIX MPEIIOI0KEHUH, SIBISIETCS CTAIMOHAPHBIM PSIOM, UMEIOIINM HYJIEBOE
MaTeMaTU4ecKoe OKUJaHHEe, TaK YTO OH JOCTATOYHO YacTO MEpEceKaeT HYyJIEBOW ypOBEHb, T.C.
cucTeMa KoJie0aeTcs BOKPYT YKa3aHHOTO BBIIIIE TIOJOKEHUSI PAaBHOBECHSI.




[lonoxenue, ogHAKO, OCIOXKHSETCS TEM, YTO y KOMHTErpupoBaHHOW cucrtemsl I(1)  psanos
MOXET OBITh HECKOJBbKO JIMHEHHO HE3aBUCHMBIX KOMHTEIPUPYIOIIMX BekTopoB. Ecin
MaKCHMaJIbHOE KOJIMYECTBO JIMHEWHO HE3aBHCUMbIX KOMHTETPUPYIOIIMX BEKTOPOB JUIS 3a/laHHBIX

psaoOB Vi; , ... , YN PaBHO 7 , TO 3TO YMCIO 7 Ha3bIBACTCS panzom Kounmezpayuu. s
KOMHTETPUPOBAHHOW CHUCTEMBI, cocTosAller U3 N psSAOB, paHT KOMHTErpaly MOXET NPUHUMATh
3HayeHus r =1, ..., N—1 . (PopmanbHo, ecau psiibl He KOMHTErpupoBanbl, To » = 0. Eciu xe

uMeercas r = N JMHEHHO HE3aBUCHUMBIX KOMHTEIPHUPYIOIIMX BEKTOPOB, TO Bce N  psaoB
craunoHapHbl.) COBOKYHHOCTb BCE€X  BO3MOXHBIX KOMHTEIPUPYIOIIMX  BEKTOPOB  JJIs
KOMHTETpUPOBaHHOM cucteMsl I(1) psamoB oOpa3yer r-mMepHOE JIMHEHHOE BEKTOPHOE MPOCTPAHCTBO,
KOTOPOE HAa3bIBAIOT KOUHMEZPAUUOHHBIM npocmpancmeom. JIo0oii Ha®op »  JMHEHHO
HE3aBUCHMbIX KOMHTEIPUPYIOIIUX BEKTOPOB o0O0Opa3yeT 6a3uc >3TOr0 IPOCTPAHCTBA, U €ClU
3apukcupoBaTh 3TOT HAaOOp B KadecTBe Oa3uca, TO TOrja JitoOOW KOMHTEIPUPYIOIIUNA BEKTOP
SBJISICTCS JINHEMHOW KOMOWHAIIMEH BEKTOPOB, COCTABJISIONIUX Oa3ucC.

[Tycts kounTerpupoBanHas cuctema I(1) psaaoB yi;, ... , Yv; UMEET paHI KOMHTErpaluu » M
MOKeT ObITh TpencTaBieHa B popme VAR(p) — eexmopnoiu asmopezpeccuu niopsnka p (VAR —
vector autoregression)

ALy, =u + &,
rae
yz=(yn, ,yNz)T,
n= (/ul LIEEE ’/MN)Ta
AL)=Ao— AL — ... — AL,
Ao, Ar, ..., A, — matpuusl pazmepa (N xN),

Ao= Iy (eauHUYHAs MaTpULA),
T.C.

vi=utAiyiat .o T Ay te.
Toraa panr marpuisl A(1) paBen rank A(1) =7 u (o ananoruu co ciaydaem N = 2) CyIIECTBYET
npezcrasienue 3Toit VAR B popme ECM  (Moaenu KoppeKuuu oumooK)

Ay, =p +ay 2, +ota,z,, o+

p-1
+ Z(}/II,A]'Ayl,t—j +---+71N,jAyN,z—j>+gn >
j=1

Ayy, =Hy+tayz ,  +..tay,z, ,  +

p—1
+ Z(VNLJ‘A)/LFJ‘ +"'+7NN,jAyN,tfj)+ Enios

Jj=1
rae



Zigs - s Zry — cTalMOHapHbIe [(0) psabl, COOTBETCTBYIOLIUE 7 JIMHEHHO HE3aBUCHUMBIM

KOMHTETPUPYIOIUM BEKTOpPaM [y , ... B,
T .
(a11y oo s ON 1) 5 oon (01 4y oo, QN ;) — JTUHEHHO HE3ABUCHUMBIE BEKTOPBHI KOPPEKTUPYIOIINX
KOX(PUITUEHTOB.

Takyto MOJIeNIb KOPPEKIMH OITHOO0K MOXHO 3aIHCaTh B KOMIIAKTHOM BHUJIE KaK

Ayi=u+of yi it S+ 1Ay per T e,
rae (1, ..., (p—1 —MaTpuusl pasmepa N X N, a a u f — (N X r)-MaTpHILlbl HOJIHOTO paHra r .
Ilpu srom cromduel fBuy , ... , By MaTpumbl [ ABISAIOTCS JIMHEHHO HE3aBUCUMBIMU
KOUHTETPUPYIOLIMMH BEKTOPAMU, a JIEMEHTBl @ ; MAaTPULIBl 0 SBISAIOTCS KOI(GGUIUMEHTaMH IPH
CTALIMOHAPHBIX JTMHEHHBIX KOMOMHAIMIX

Z1,t-1 :ﬁT(l)yt—l s oeee 9 Zrt—1 :ﬂT(r)ytfl
(MpenCTaBIAIOUIMX OTKJIOHEHHS B MOMEHT f — 1 OT 7 JOJrOBPEMEHHBIX COOTHOIIEHUIN MEX1y
panaMu yi;, ..., Yn,) B IPaBbIX YacTAX YpaBHCHUU 11 Ayyy, ... , Ayy; .

[IpencraBnenue kouHTerpupoBaHHoii VAR B ¢opme Mojenu KOppeKIHMH OIIMOOK He
€IMHCTBEHHO, TOCKOJbKY B KadectBe Habopa fu) , ... , f) MOXHO B3sTh JIIO00H 06a3zuc
KOMHTEIrpaliMOHHOro npocTpancTBa. COOTBETCTBEHHO, HEOAHO3HAYHOCTh UMEETCS U B OTHOLICHUU
mMatpunpl o . OOUH U3 BO3MOYKHBIX BapHAaHTOB BBHIOOpA 0A3MCHBIX KOMHTETPHPYIOIIUX BEKTOPOB
JlaeTCsl CIIEAYIOIIMM IIPEJCTaBICHUEM CHCTEMbl KOMHTEIpUpoBaHHbIX 1(1) psaoB.

Ecnu panr kounrerpamuu paseH », 0 <r <N, TO IpU COOTBETCTBYIOIIEH NepeHyMepaLuu

nepeMmeHHbIX cuctema I(1) psinoB yis, ... , Yy IOMYyCKaeT IIpeICTaBICHHUE
Vi H Vvt Vi Ayr+l,t O, Vi,
e @ I I - I : = |+ ,
Vit H, YN, ¢ Vit Ayy., Oy VN,

(mpeyzonvnasa cucmema @unnunca) , rie
C = (cij) — marpuna pasmepa r X(N—r),

vi=(1ys ..., VN;) - CTAIMOHAPHBIH (B IIMPOKOM CMBICIIE) BEKTOPHBIH CITydaifHbIil mpomece ¢
E(v) =0,
pAAbl Yy +1.¢y ..., VN,: HE KOWHTETPUPOBAHBI.
Ortcroza nonyvaem:
Yie—=Cu Yril,e— oo —CLN—rYN,t = M1 T Vis,
Vee—=Cr1Vr+1,t— oo —Cr, N—rYN,t = HUr + Vit ,
TaK 4TO BEKTOPBI
ﬁ(l) = (1, 0, 0, cee s 0,—6’11, ooy —C1’N,,~)T N
ﬂ(z) = (0, 1, 0, ey O, —C21y oev y —Cz,N_r)T .

B =(0,0,0,...,1,—cr1, ... ,—cr,N_,)T



SIBJISIFOTCSL JIMHEHHO HE3aBUCHMbBIMU KOMHTETPUPYIOIIMMH BeKTOpamu. MM cooTBETCTBYIOT 7
CTAIIMOHAPHBIX TUHEHHBIX KOMOUHAIUHI PATOB Vi, ... , VN .1

_pT _
Zl,t_,B MYt =Vie—Cit Yr+1,t— -« —CILN-rYN,t»

o B
Zr,t_ﬁ (r)yt _yrt_crlyi'+1,t_--~_Cr,NfryN,t .

Ecnu psasl  vi4, ..., V»; HE KOPPEIUPOBAHBI C PAAMU Vi + ¢, ... , VN; , TO IEPEMEHHBIE V) +
.t .-+ » VN.: SBISIOTCA DK30TCHHBIMU B MEPBOW MOJICUCTEME, U €€ MOXKHO OILEHUBATH METOJIOM
HAaUMEHBIINX KBAJIPATOB KAK MHOTOMEPHYIO PETPECCUIO V| ¢y oo » Vit HA Vit 1.ty oo » YN . ¢
[loyueHHbIe OLEHKU C,; S1I€MEHTOB Matpuibl C  CYIEPCOCTOATENBHBI, XOTS PAaClpeie/eHue
r (é ij

Yie=mtenyre—...—cin-1InN: T Vie,

YCIIOBHO€ pachpele/icHue OICHOK HAaWMMEHBIMX KBaapaTtoB il  KO3PGUIMEHTOB (TIpH
(UKCUPOBAHHBIX 3HAYEHHUSIX ) 2 ¢, ... , VN, ¢ ) SIBIAETCS aCUMITOTHYECKH HOPMAIBHBIM, M 3TO
o0OecrieurBaeT BO3MOXKHOCTb MCIIOJIb30BaHMSI CTaHJAPTHBIX MPOIEIyp, OCHOBAHHBIX Ha f- U F-
CTaTUCTHKAaX (KOHEYHO, B ACHUMITOTHYECKOM IUIaHE), C KOPPEKLUMEH CTaHAAPTHHIX OLIMOOK
KO3 (UIIMEHTOB B cllyyae, eclid psi vi , He siBisierca OenbiM mymoM. Koppekuusi, kKak u B pasj.
7.1, COCTOMT B 3aME€HE CTaHAAPTHOW OLIEHKH AMCIIEPCUM PSAa Vi ;, OLCHKOW JOITOBPEMEHHOMN

JIMCIIEPCUU 3TOI'O psJa.
3HaueHuss C,; MOXHO HCIOJB30BAThH JUIS MOCTPOEHHS 7 JIMHEWHO HE3aBUCUMBIX (N % 1)-

Cc ) HC CTPEMUTCA K HOPMAJIIbHOMY IIpH T—x.B ciyuac r = 1 umeem

ij

BEKTOPOB — OIICHOK KOMHTETPUPYIOIINX BEKTOPOB L1y, ... , fu)
noo— A A T
Boy =(1,0,0,...,0,-C5 ..., —C v ) s
3,=(0,0,0,...,1,-¢ e )
By=(0,0,0,...,1,-¢.p,...,—C, y_,) .
Vlcrionb3ys IOCTPOEHHBIE OLEHKH KOUHTETPUPYIOIIUX BEKTOPOB f3,), ... , f3,,, OTy4aeM OLEHKH

HCKOMBIX CTAITUOHAPHBIX JIMHEHMHBIX KOM6HH3HH§I B BUAC

21,;4 = /B(T)yzq sy 204y :ﬂ(Tr)yt—l

Tenepb MOKHO BMECTO yKa3aHHOM Bbllle “nctuHHON ECM OLieHUTh cucTeEMy
Ayi=ptaz_ +E1Ay ..t O Ay p e T e,

B KOTOPOH

21,01



[Tpu 5TOM OIEHKM HAUMEHBIIUX KBAAPATOB I KOA(PPHUIIMEHTOB ITOCIEAHENH MO UMEIOT TE YK
caMble aCUMITOTUYECKUE PACIIPENEICHHUs, YTO U IPU OLIEHNBaHUU UCTUHHON ECM.

3aMeTuM, YTO €Clid MBI HMEEeM JeJ0 CO CTOXAacTUYecKol (a He C JETePMUHHUCTCKOM)
KOUHTErpamueil, To sl JOCTHKEHUSI CTAIMOHAPHOCTU PSNIOB  Z|, ;5 ... , Zr,  TPUXOIUTCS B
“OCTallMOHAPUBAIOIIYIO” JUHEHHYI0 KOMOMHAIMIO pAIOB Vi , ... , VN ( BKIIOYATh €lle U
JIOTIOJTHUTEIBHYI0 TPEHJOBYIO COCTaBISIIONIYIO, TaK YTO B OJTOM Cly4ae pedb HUIET O
CYIIECTBOBAaHHH CTAlIMOHAPHBIX TUHEHHBIX KoMOuHauud (N +1) mepeMeHHbIX Vi, , ... , YN U [, B
KOTOPBIX HE Bce KO (DHUIIMEHTHI paBHBI HYJIIO.

Ecnu panr marpunsl A(1) paBeH 7, TO TOTJa CyIIECTBYET # TAaKUX CTAllMOHAPHBIX JTMHEHHBIX
KOMOHWHAaIUHI

Buyut..+pinyin+tpin+1t,
Bruyut..tpvyivthrneit.
¢ TuHeHO He3aBucuMbIMU ((N + 1)x1)-BexkTopamu

Boy=Bu, ... Bav, frne)”

_ T
ﬁ(r) - (ﬁrl 5 e ,,BrN, ﬂr,N+ 1) .
HpI/I 9TOM HOCICAHUC BCKTOPbI MHTCPIIPECTUPYIOTCA KaK JIMHEWHO HEe3aBUCUMBIE KOMHTCIPUPYIOINEC
BEKTOPBI B CUCTEME CTOXAaCTHUYCCKHN KOMHTCTPHUPOBAHHLIX PAIO0B.

Bo3MOXHOCTh HAJIMYMS HECKOJBKUX JUHEHHO HE3aBUCHUMBIX KOMHTETPUPYIOIIUX BEKTOPOB
3HAUUTENIBHO YCIIOXKHAET 3a/1auy MOCTpoeHus: Mojenu koppekuuu omubok (ECM), nockonbky, Kak
MUHUMYM, TPUXOJIUTCS MO peajbHbIM CTATUCTUYECKUM JaHHBIM OIICHMBATh KOJHMYECTBO TaKHX
BekTopoB. CaMo 1o cebe penieHre 0 KOMHTETPUPOBAHHOCTH HecKobKuX I(1) psmoB B pe3ynbrare
MCIIOJIb30BaHUsl PACCMOTPEHHBIX BblIIIe nporenyp Jduku — Oysiepa OTHIONb HE Aa€T HAM HUKAKOU
uHPOpMAIIMU O paHre KOWHTETpallud 7 ; JJS 3TOTO TPeOYITCS ApyTrHe CTaTHCTUYECKUE
POLEAYPHI.

Ho ecnu Mbpl He 3HaeM paHra KOMHTETPAIMU, TO TEPSETCS CMBICT OIECHUBAHUS YpaBHEHUS
perpeccuu B ypoBHSIX

yu=ctyryut..tynyne t
(mm yy=c+yryut..tynynityne1t +u). JedictBurensro, ecimm > 1, to Bekrop (1,—7,,

oo, =7) (umm Bextop (1, =7, ..., —Fys— Py ) ) ABISETCS ONEHKOM BCEro JHIIb OIHOH 13

BO3MOXXHBIX JIMHEHHBIX KOMOMHALMKA 7 JMHEHHO HE3aBHUCHUMBIX KOMHTETPUPYIOIIHUX BEKTOPOB,
KOTOpasi MOKET U HE UMETh Pa3yMHOM SKOHOMMUYECKON UHTEPIPETALIMH.

Ho naxxe ecnu paHr KOMHTErpauu » MO KaKUM-TO MPUYMHAM U3BECTEH, MPU # > 1 BO3HHUKAeT
npyras npobinema. B paccMoTpeHHOM BbIle npejactaBieHud Duiunca TUHEHHO HE3aBHCHUMBIE
KOMHTETPUPYIOLINE BEKTOPHI UMEIH BH/]T



ﬁ(l):(13030,-.-,O,_cll,...,_CI’Nir);,
,6(2):(0,1,0,...,O,—6‘21,...,—02,N_r) 5
B =(0,0,0,...,1,—cr1, ... ,—cr,N_,)T .

JIrobast nuHelHas KOMOWHAIMSA STHUX BEKTOPOB (HE Bce KOA(PHUIMEHTHI KOTOPOW PaBHBI HYJIIO)
TaKXKe SIBJISCTCS KOMHTETPUPYIOLIMM BEKTOPOM, a COBOKYIIHOCTh BCEX BO3MOJKHBIX JIMHEHHBIX
KOMOWHAIMKA 3THX BEKTOPOB 0Opa3yeT JIMHEHHOE BEKTOPHOE IMPOCTPAHCTBO PAa3MEPHOCTH 7 .
JIr060#1 BEKTOp M3 3TOro MPOCTpPaHCTBA (HE Bce KO3(PPULMEHTH KOTOPOrO paBHBI HYJIIO) SBISETCS
KOMHTETPUPYIOIUM BEKTOPOM IS Vis, ... , YNt » @ BEKTOPBI f(1), ... , B 00pa3yroT BCEro JIMIIb
OJIMH M3 BO3MOXKHBIX 0a3MCOB 3TOr0 MPOCTpaHCTBA. B mpakTHUeckux 3ajayax Ha HEpBbIM IUIaH
(Hapsily ¢ OIpEeIeCHUEM PaHra KOMHTEIPAllui) BBIXOAUT UOCHMUPUKAUUA KOUHMEZPUPYIOUUX
6eKmopoe, TIPUBOJAIIMX K  JIOJTOBPEMEHHBIM  COOTHOLIEHHSIM, HMEIOIUM  pPa3yMHYIO
HKOHOMHMYECKYIO HHTepUpeTaruio. Mbl BEpHEMCS K 3TOMY BOIPOCY B IJ1aBe 8.

B Hacrosimee Bpemsi HauOosiee pacnpOCTPaHEHHOM SIBJISIETCSI METOIMKA OMPEIEICHUSI paHra
KOMHTETpallMy, Npe/iokeHHas FoxancenoM B paGorte [Johansen (1988)]. Onmako TouHOe
OMHMCaHUEe H3TOM TpoUeaypbl TpeOyeT Oosiee IETATBHOTO PACCMOTPEHHS COOTBETCTBYIOIIETO
MaTeMaTHYeCKOro ammapara. Mbl paccMOTpuM 3Ty mpouenypy B pasa. 8.1, a ceifuac
COCpeIoTOUMMCS Ha cityvae, koraa r = 1, T.e. (C TOYHOCTBIO JI0 TPOMOPIIMOHATIBHOCTH) UMEETCS
BCEr0 OJINH KOMHTETPUPYIOIIHIA BEKTOP.

Haubonee npoctoii siBisiercs cutyanus, korga N = 2. B aToM ciyuae, eciiv paccMaTpuBaeMble
pAABL Vi; U )y, KOMHTETPUPOBAHBI, TO PAHT KOMHTETPALUU MOXKET ObITh PaBHBIM TOJBKO EIUHHUIIE.
Mpb1 yxe OoTMEUalM paHee, YTO MPU MOCTPOCHUM MOJIEIN KOPPEKIUMU OIMMOOK Ha TEPBOM Iare
npoueaypsl OHrima — ['peHmxepa, BooOIEe TOBOpS, HEIb3sS TOJIH30BATHCS OOBIYHBIMU
PErpECCHOHHBIMU KPUTEPUSIMH (Jake B aCUMOTOTHYECKOM IutaHe). M mpuymHa 3TOrO B TOM, YTO
MojlyyaeMble Ha TEPBOM IIAre OLEHKU M CTAaTUCTUKU B OOIIEM Cily4yae MMEIOT HECTaHJapTHbIE
ACUMIITOTUYECKUE paCIpeieNICHuUs.

O06 ogHOM HUCKJIIOYEHHMH W3 OOILIEro Ciiydasi Mbl YK€ FOBOPHIIA — 3TO MIPEy20ibHAA CUCHEMA
Qunnunca

Ye =pxc+v,

Xt =Xi_1t &,
r1e & W V¢ — HE KOppeJInpOoBaHHbIE MEXKIY co00il mpoiiecchl 0enoro nyma.

BropsiM uckiIrOYeHHEM SBIISIETCS CUTYalus, HcclieoBanHas B pabote [West (1988)]:

ye=atpx +u,
rae

x:~1(1), E(Ax;) =pu #0 (TaK 4to psiA X, COACPKUT U CTOXACTUUCCKUNA U IETEPMUHUPOBAHHBIN
TPeHn),

u; ~ 1(0) — crarmoHapHbIi P ¢ HYJEBBIM CPETHUM, HE 003aTEIbHO SBJISIOIMIMICS MTPOIIECCOM
6ernoro nryma.




B muTupoBanHOi paboTe JAOKA3BIBACTCS ACHMITOTHYECKAss HOPMAIbHOCTh COOTBETCTBYIONTUM
06pa3oM HOPMHUPOBAHHOM OLIEHKM HAMMEHBIINX KBAAPaToB s Bektopa (a , f)'. Eciu pan u, He
ABJSIETCSL _TpolieccoM Oesioro mryma, TO A IPUMEHEHHS 3TOrO pe3ysibTara HEeoOXOAUMO
CKOPPEKTHPOBaTh 3HAYEHUS [-CTaTHUCTUK, BBIYUCISEMBIX [0 CTAaHIAPTHBIM (opMyiaM,
COOTBETCTBYIOLIUM IIPEANOIOKEHUAM KIACCUYECKOMN JINHEUHON MOJEIIH PETPECCHH.

B 3nameHaTensix OOBIYHBIX /-CTATUCTHUK JUJIsl HApaMETPOB o U [ CTOST OLEHKU CTaHJIAPTHBIX

OLIMOOK OLICHOK ¢, ¥ [3, 9THX NapaMeTpoB, a UMEHHO:

S WI(XTX)I_: — i Ay, S y/(XTX);Zl — s f3, .

3nece X — (T*2)-marpuna 3Ha4yeHU oOBsACHAIOUIMX nepeMeHHbIX (1 u x) B 7 HaOmoAeHusX, a
S — HecMelIeHHas! OIIeHKA AUCIIEPCHH i, B CIydae, Koraa u, ~ i.i.d.,
1 & . A5

S* = n—2;utz , U=y, —-a-px, .

[Tockonbky y Hac He MpeANnonaraerTcs, 4YTo u; ~ i.i.d., TO IS COXpPaHEHHs {-paclpeaeieHus
(tounee, N(0, 1) — pacIpeneenns) -CTaTHCTHK (XOTs ObI ipH Gonbiux 7)), TpeGyercst 3amMeHa S°
Ha JIPYTYIO MOJIXOMISIIYI0 BETHUUHY.

MBI  TpeAnoyIoKUIU, YTO PN U; craumoHapubiif. Ilycte  y, = Cov(u, upmp) —

MOCJIE0BATEIbHOCTh €ro aBTOKOBapuanui. West mokaszas, 4To MOAXOAsSIIeH ABJISETCA 3aMeHa s?
0on208pemeHHoll ducnepcuen psga u; (cMm. pasn. 6.8.1), KoTopas I CTAMOHAPHOTO psiza
BBIYHCIIIETCS 10 (hopmyIie

A= Z}/h.

h=-©
2
HpO6J'IeMa, OAHAaKO B TOM, YTO 3HA4YCHHC A~ He HU3BCCTHO, U €TO MPUXOAUTCA OLUCHUBATH I10
UMCHOIIINMCA Ha6J_HOZIeHI/I5[M. I[.Hﬂ 9TOro, B CBOIO o4Yepcab, CICAOBAJIO OBl OLCHUTH OECKOHEYHOE
MHOKECTBO aBTOKOBapI/IaI_[I/Iﬁ Vo h= 0, + 1, + 2, eee 5 » UTO, KOHCYHO, HCBO3MOZKHO. N3-3a 9TOI'0, B

KOHEYHOM CueTe, MPUXOJUTCS, TaK WM MHAYe, JIeNaTh OoJiee ONpECICHHBIC MPEIIIOI0KECHUS O

XapaKTepe aBTOKOPPEIMPOBAHHOCTU psga U, , YTO JA0 Obl BO3MOXKHOCTh OTPAaHUYHUTHCS MPH
2 o o

OLICHUBAaHUM A~ OLIEHKOH JIMIIIb KOHEYHOI0 YKcia aBTokoBapuauuit y, = Cov(u,, us+,). B mponecce

TAaKOrO0 OLIEHUBAHMS IPUXOAMUTCS YUYUTBIBATh U TO, YTO ABTOKOBAapHallMU ), C BO3pAaCTaHUEM /h
OLIEHUBAIOTCSI BCE MEHEE TOYHO, U NTO3TOMY JKEJIATeIbHO PEryJIupoBaTh (YMEHbIIATh) BIUSIHUE ),

Ha OLICHKY JI0JITOBPEMEHHOMN JUCIICPCHH A° IIPH BO3PACTaHUH /i .
Ecnu ucxoauTh M3 TOTO, YTO CIy4YalHBIM MpPOLIECC U; MOXKET ObITh NPEICTaBICH B BHJE
npornecca MA(q) koHeuHoro nopsiaka g , To rorga y, = 0 s |h| > g , 1 MOXKHO HE 3aHUMATbCA

HOJY4YEHUEM OLEHOK ¥, AN Takux h . DTo, BMECTe C MPEALIECTBYIOIIUMHU COOOPAKEHUSMH,
IPUBOJUT K OLIEHKE



2 g h
A =}/0+2Z l——— |7, »
h=1 g+1
1 T
rne  y,=— uu, , — OLECHKU aBTOKoBapuauuii y, . llpm 3TOoM MOXKHO mHOKa3zaTb (CM.,
t=h+1

nanpumep, [Hamilton (1994), p. 513]), uto BeiGop ¢ = O(T '°) obecrneunBaer coCTOATETBHOCTD
TaKoi oueHku s A> (ouenxa Newey—West).

B pamkax makera EVIEWS peanusanus Takoro meroga mpousBoautcs 0e3 Tpyna. Ciemyer
IPOCTO MpH crienu(UKalUd ypaBHEHHUS 3aKa3aTh OMNIUIO: “BBIUMCICHHE CTaHAAPTHBIX OIIMOOK
merogoMm Newey-West”. (OTMeTHUM, OJHAKO, YTO B 3TOM OINIMUU HCIOIB3YETCS HECKOJIBKO
OTIIMYAIOIIAsACAd OT MPUBEICHHOW OIIEHKAa, pean3yloliasi €mie M IMOMNpPaBKy Ha BO3MOXKHYIO
reTepOCKeAACTUUHOCTD pAa.)

Eciu mpenmnonoxutb, 4To AMHAMUKA psAda U, XOPOLIO aIlPOKCUMHUPYETCS MOJAEIBIO
aBToperpeccuu AR(p) ¢ KOHEUHBIM p ,

w=au 1 tau »t...tau ,té&,
r7ie & — WHHOBAIMOHHBIN Iporiecc Oemoro nryma ¢ D(g) 20'82 , TO TOT 1A

i = 0'52/(1 —al—ag—...—ap)z.

[109TOMy B TAKOM CHTYALHH B KAYECTBE OLCHKHU UII A° €CTECTBEHHO B3SITh BEIMUHHY
A2

~ o
2
A :( — N )2 >
l-a,-a,-...—a,
rue
d,,d,,...,d, — OUCHKH HANMEHBIINX KBAJPATOB JUIS A1, a2 5 ... , Ap,
T
A2 1 A2
6.=— ) &, ,
T_
p t=p+1

ét — OCTAaTKHU IIpHU OUCHHUBAHUHN MOJCIIN aBTOPCTPECCUUN AT pAda LAlt .

B nrobom cnyuae, 3ameHa S* ma A paBHOCHJIbHA YMHOXKEHUIO 3HAYCHUS {-CTATUCTHUKU,
MOJTyYEHHOTO OOBIYHBIM IyTEM, Ha (S/ i)

IIpumep

CMopenupyeM cuctemy

DGP: y; =2x;+u,,

X =1+x_1+v,

rae

u=04u,_1+0.2u,_,+¢e —crammonapusiii AR(2) psn,

& , vV, — TayCCOBCKHE IMPOLIECCHI OENIOro IIymMa, KOPPEIUPOBAHHBIE B COBIMAAAIOIINE MOMEHTHI
Bpemenu: Cov(e;, v,) =0.8:
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OnenuBanue craTuctTuueckoit mogenu SM: y, = a + f x; + u, OOBIYHBIM METOJIOM HAaWMEHBIIIHX

KBaJIpaToOB JaeT CICAYIOIIME PEe3yJIbTAThI:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C -0.398071 0.172093 -2.313111  0.0228

X 2.031938 0.007241 280.6336 0.0000
R-squared 0.998757 Mean dependent var  37.39809

Adjusted R-squared  0.998745 S.D. dependent var 30.23477
S.E. of regression 1.071308 Akaike info criterion 2.995436

Sum squared resid 112.4748 Schwarz criterion 3.047539
Log likelihood -147.7718 F-statistic 78755.23
Durbin-Watson stat  1.080957 _  Prob(F-statistic) 0.000000

Ecmu OpPUCHTHUPOBATLCA HAa NPUBCACHHLIC 3HAUCHUA CTATUCTHUK, TO 00a napamMeTpa OKa3bIBAIOTCA
CTaTUCTHUYCCKHN 3HAYMMBIMH, XOTSA B DGP koncrtaHTa B YpaBHCHUU JIA )y OTCYTCTBYCT. PHI[
OCTaTKOB

—— RESIDS

uaeHTuGuuupyetcs rno koppenorpamme kak AR(2). Ouenennas AR(2) mozens:
Dependent Variable: RESIDS



Variable Coefficient Std. Error  t-Statistic Prob.

RESIDS(-1) 0.363522 0.100494  3.617344  0.0005
RESIDS(-2) 0.205074 0.100427  2.042024  0.0439
R-squared 0.240364 Mean dependent var  -0.008547

Adjusted R-squared  0.232451 S.D. dependent var 1.075097
S.E. of regression 0.941891 Akaike info criterion 2.738343
Sum squared resid  85.16727 Schwarz criterion 2.791098

OTcrofa HaXOIUM OLICHKY Ui A :

A =0.941891/ (1-0.363522 -0.205074) = 2.183,
TaK 4TO

S/ /i) = 1.071/2.183 = 0.491.
OTO NPUBOAMUT K CIIEAYIOUIMM CKOPPEKTUPOBAaHHBIM 3HAYEHUSAM {-CTaTUCTUK U P-3HaueHMii:

ty: -2.313111 (P-value=0.0228) = -1.135738 (P-value = 0.2588)

tg: 280.6336 (P-value =0.0000) =>» 137.791098 (P-value = 0.0000).
[Ipy ncnonb30BaHUM CKOPPEKTUPOBAHHBIX 3HAUYEHUN IOCTOSIHHAS B OLIEHHBAEMOM YpPaBHEHHUH
CTaHOBUTCS CTATUCTHUYECKN HE3HAYMMOMU.

CHumeM Tenepb orpanuueHne N = 2 u OyIeM HMHTEpPECOBAThCS CYIIECTBYIOUIEH H
eouncmeenHou (1Mo TPEATNON0KEHHUIO) JOJITOBPEMEHHON CBS3bI0 MeXAy N HecTallMOHAPHBIMU
I(1) psmamut yi;, ..., Yns -

OneHUBaHUE CTATUCTUYECKON MOJICTH

yu=ctyayut..t ynyne T U
MPUBOJAUT B 3TOM Clly4ae K CYNEPCOCTOSITEIbHBIM OILIEHKaM, HE3aBUCHUMO OT TOro, OyayT Jiu
perpeccopsl UMETh JIMHEWHBIN TPEH]I, €CIM TOJbKO B IMPaBYIO YacTh YPaBHEHHUS HE BKIIFOUAETCS
TpeHa. OHAKO, KaK MBI YK€ OTMEYaJIH BBIIIE B pa3/l. 7.2, MOBBIIMICHHAs] CKOPOCTh CXOJAMUMOCTH TIO
BEPOATHOCTH OIEHOK KO3(DPHUIMEHTOB K UCTUHHBIM 3HAUEHUSM HTHX KO3 (UIMEHTOB BOBCE HE
MPEIOTBpAIacT CMEIICHUS OIICHOK MPU HEOOJBIION UTHHE psija HaOMoaeHIi. MHOTHE aBTOPBI HA
OCHOBaHUM pE3YyJIbTaTOB MOJEIMPOBAHUS OTMEYAIM BEChbMA 3HAYMUTEIbHOE CMEIICHUE OLIEHOK
K03 GUIMeHTOB pu HEOOoIbIUX 7T .

Kak u B cnmyuae N = 2, ocoboe MeCTO B 3TOM OTHOIICHUU 3aHUMACT MPEy20ibHaAA CUCHeMA
Qunnunca

Yu=ctyryuta.tynyne tEn

YVu =y2e-1t &2,

YNt=YN,t-1T ENt,
tne & = (€115 €4 5 o » EN t)T — N-mepnutit cayccoeckuii Genvtii wiym (T.€. € , & , ... —
MOCJIE/IOBATEIbHOCTh  HE3aBUCHMBIX, OJMHAKOBO PACIPEICICHHBIX CIy4YailHbIX BEKTOPOB,
UMEIINX N-MEpHOE HOPMAIbHOE PAaCHpENESCHUE C HYJEBBIM MAaTEMaTUYECKUM OXXHJIAHHEM H
KOBAapHalMOHHOM MaTpuuei 2=(o;) ), Ipu4eM CIydailHble BEIMYUHBl € , ... , € N; MOIYT OBbITH



KOPPEJIMPOBAHHHBIMHU MEXIY CO00M, HO €|, HE KOppPEIMpPOBaHA HU C OAHOW M3 HUX (TaK UTO O] =

0 nns Bcex j =2, ..., N). Batom cnmyuae perpeccopsl )y, ..., YN HE KOUHTETPUPOBAHBL, U [ =
~ A T o o

(1,-7,,....,—¥y) — CAUHCTBEHHBIA KOMHTETPUPYIOIUI BEKTOP. Y CIOBHOE paclpe/ieeHUue

(C=Coy=V2 seees Py =N | D25 eessyves t=1,..., T}
ABJISIETCST  N-MEpPHBIM HOPMaJbHBIM, C HYJIEBBIM CPEIHHUM, TaK 4TO F-KpUTEpUM [JISi TIPOBEPKHU
JUHEWHBIX TUTIOTE3 O 3HAYEHUSIX KOIDPUIIMEHTOB ¢, 2, ... , Yy UMEIOT TOUHbIE F-pacmpeneneHus,
a [-KpUTCPUM — TOUYHBIC [-paCIIpC/ICIICHMUSI.

B Gonee o0mieii cutyanuu, mycThb

Yu=ctyryyut..tynyn: T Ui

Yu =yy-1t Uy,

YNt=YNi-1 T UNg,
rae u; =(uy, Uy oo s U N,)T— N-mMepHblil 2aycco6cKuil cmayuoHapHblil 66eKMOPHLLIL pAd (TETephb
yKe He 00s13aTeIbHO N-MEpHBIN TayCCOBCKUI OETBIN IITyM), IPUYEM PSABI Ut o «oe s U N¢ MOTYT OBITH
KOPPEJIMPOBAHHHBIMHU MEXAY COOOM, HO Sl Uy, HE KOPPEIUPOBAH C OCTAILHBIMU PSAAMH, TaK YTO
Cov(uy, ux 5) =0 mpu k # 1 gna Bcex ¢, s. [locneqnee ycnoBue oOecrieunBaeT 3K30T€HHOCTD
MEePEMEHHBIX B MIPABOM YacTH MEPBOTO YPABHEHHS TPEYroJibHOW cucteMbl. (['ayccoBOCTh psiga uy
03HAYaeT, YTO COBMECTHOE paclpeiesieHue 3HAUeHUW psia B Jro0ble 7 pa3inyHBIX MOMEHTOB
BpEMEHH sBJIA€TC NT-MEpHBIM HOPMAJIbHBIM PacIpeIeIICHUEM. )

B takoii cutyanuu ass IpoBEpKU JIMHEHHBIX TUIIOTE3 0 KA (UIIMEHTaX MOKHO HCIIOIb30BATh
CKOPPEKTUPOBaHHbIE F- M  {-CTAaTUCTUKH C ACUMOTOTMYECKH ONpaBAaHHbIMH F- u  f-
pacrpeieieHusIMHU, MPeIBAPUTEILHO 3aMEHUB OOBIYHYIO OIICHKY S$* st JUCNIEPCUU  Uj; HA

COCTOSITEJIbHYIO OIIEHKY 2 “IOJITOBPEMEHHON  JUCTIEPCUM A2 pana  uy, . Ilocnennee
COOTBETCTBYET YMHOXEHHIO OOBIYHOW F-CTATHCTHKM Ha S° / A* ¥ yMHOXEHHIO OOBIYHOH f-

CTaTHCTUKH Ha S/ A

Takum oOpa3oM, npobOiaemMa HECTaHIAPTHBIX paclpelesIeHUuil IO-CyIecTBY CBsi3aHa C
BO3MOXXHbIM HapyIIEHHEM 5K30IN€HHOCTH PErpeccopoB  Vz , ... , YN B IEPBOM ypaBHEHUU
TPEYTOJIbHOW CUCTEMBI.

Croxk m Yorcon [Stock, Watson (1993)] u Caiikonnen [Saikonnen (1991)] mpenmnoxumm
HpOLEypY YCTPaHEHHsI HEXEIaTelIbHOM KOppEeNsLUH, COCTOALIYI0 B MOMNOJIHEHUU IMPAaBOM 4YacTu
IIEPBOI0 YPAaBHEHMsI TPEYTOJIbHON CHUCTEMbl 3anazoviearowyumu (“lags”) u onepescarouyumu
(“leads”) 3naueHussMu npupauieHuii perpeccopon. (Orcroga HauMeHoBaHue Mertona — “leads” and
“lags” .) ImeHHO, BMECTO MEPBOT0 YPABHEHUSI CUCTEMBI OLICHUBAETCS €r0 PaCIIMPEHHBINA BapUAHT

Yu=ctp2yute.TyPNYN: T

P
+ N (O AVimj et O AYN ) + 1y

j=-



Ecnu 3nauenue p BBIOpaHO MPaBMIIBHO (JOCTATOYHO BEJIMKO), TO TOTAA CTATUCTUYECKUE BBHIBOIBI B
OTHOIIEHUH ) 2 , ... , ¥ N MOXKHO IPOBOJAUTH OOBIYHBIM 00pa3oM (KOHEYHO, MMesi B BUIY
ACUMITOTUYECKYIO OMNPaBIaHHOCTb COOTBETCTBYIOIIMX CTATUCTHUYECKUX IPOLELYp), HO OMSTh C
UCIIOJIb30BAaHUEM CKOPPEKTUPOBAHHBIX 3HAUEHUH OOBIYHBIX #- W F-CTaTUCTUK, €CIM U, HE
ABJIIETCS OEIIBIM LTYMOM.

[TpenioskeHHast mpoueaypa OCTaeTcss aCUMIITOTUYECKU ONPaBIaHHON U B CiIydae, KOTAa BCe WU
HEKOTOPBIE U3 PSIOB V2, ... , VN UMEIOT IETEPMUHUPOBAHHBIN TPEH.

Bonee Toro, NOMOMHUTENBHBIX MPOOJIEM HE BO3HUKAET M B Cllyyae, KOIJa B IPaBYH 4acTh
NIEpBOTO YPAaBHEHUS TPEYTOJbHOM CHCTEMBI H00aBIISCTCS JUHEWHBIA TPEHI M TPOBEPSETCS
TUIIOTE3a O €r0 3HAYMMOCTHU. DTO MO3BOJISIET IPOBOAUTD Pa3/IeIbHYI0 IPOBEPKY TMIIOTE3 O TOM, YTO

(@) yiu— y2¥Yu—..— YNYN: HE HUMEET JETEPMUHUPOBAHHOI'O TPEHA;

(b) yii— y2y2—...— yNYN: — CTAllMOHAPHBIA PS.

(3ametuM, 4TO (a) MOXKET BBIOJIHATHCS IMPH HEBBITOTHEHHOM (b), €CiM JeTepMHHUPOBAHHBIN
TPEH]| yCTpaHsETCsl, a CTOXaCTUYECKUN TPEH/T OCTaeTCs. )

IIpumep
DGP: y, =5+z +u,,
4t =Z%-1tvs,
rae
a= 09

w=vi+025v,_1+025v,41+01v,_,+01v,4,+01¢g,

& , V¢ — HE KOppEeIupOBaHHbIE MEXKAY CO0O0M raycCOBCKHE MPOLECCH OENIOro 1yma.

3nmech cCiyJaiiHas BEJIMYMHA U, KOPPEIUPOBAHA C Vi, Vi — 1, Vi + 1, Vi_2, Vi + 2, TAK UTO
HEMOCPEJACTBEHHOE HCTIOIb30BAHUE CTAHAAPTHBIX CTATUCTUYECKUX BBIBOJIOB HEOIIPABAAHHO.

O6parumcs kK cMoaenpoBaHHOM peann3aiuu 3Toro DGP (50 nabmoaenuit):

T AR SRS ST SRR M~ SRR TSRS SRR SRR




O6a psana y, u z, uaeHTHPUIUPYIOTCS 1o 50 HAOMIOACHUSM KaK MHTETPUPOBAHHBIC PSIIbI
NepBOro nopsiaka. PacMorpum 3Ty napy B pamkax TpeyroiabHoi cucteMbl Ouunca. OueHuBaHue
METOJIOM HaUMEHBIITNX KBaIPAaTOB YPaBHCHUS ), = a + fz, + 1, HaeT CICIyIONINIA pe3yIbTaT:

Dependent Variable: Y
Method: Least Squares
Sample(adjusted): 3 98
Included observations: 96 after adjusting endpoints

Variable Coefficient Std. Error  t-Statistic Prob.
C 4.851262 0.133152 36.43410 0.0000
Z 1.088870 0.047570  22.88977  0.0000

[IpoBepsars runoresy Ho: f = 1, ucnonb3ys oObIMHBIN {-KpUTEPHiA, HeNb3s, eciin Cov(; , A zs ) #0
XOTs1 ObI JUIs1 OAHOM mapsl 3HAYeHUM ¢ , s. /L1 BBISICHEHHUS BONPOCA O HAIMYMM WM OTCYTCTBUHU
TaKOW KOPPEITMPOBAHHOCTH 0OPATUMCSI K KPOCC-KOppeIorpaMme, MOCTPOSHHOH ISl TTAphl PAIOB e
,Az,,T0€ e, — psiji OCTaTKOB, IOJyUYEHHbII NPU OLIEHUBAHUU YpaBHEHUs ), = a + fz; + 1, . JleBblit
rpaduk mokaspIBaeT mopeneHue kpocc-koppensiuii Cov(e, , Az, ;) mnsa i =0, 1, 2, ... ; 3HaYCHHS
3TUX Kpocc-Koppensiuuii mpuBeneHsl B ctonbue “lag”. IlpaBbiii rpaduk moka3bpiBaeT MOBEACHHE
Kkpocc-koppemsitui - Cov(e, , A z,+ ;) ns i = 0, 1, 2, ... ; 3HAYEHHUS] ITUX KPOCC-KOPPEIALUMA
npuBeeHsl B ctonbie “lead”.

Included observations: 96
Correlations are asymptotically consistent approximations

e, AZ(-i) e, AZ(+i)

lag lead

|
0 0.9017 0.9017
1 -0.0217 0.0830
B *. 2 -0.0956 -0.0413
. 1. 3 0.0064 0.0341
. 4 -0.0510 0.0118
*|. . 5 -0.0824 -0.0228
6
7
8
9
1

|- A

-0.0171 0.0150
-0.1858 -0.1579
-0.0292 -0.0272
0.0833 0.0701
0 0.0125 0.0216

Ha ocHOBaHMHM 3TON KpOCC-KOPPEIOrpaMMbl MOYKHO IIPEANOIAraTh HaJIM4Ue HEHYJIEBBIX KpOCC-
koppemsiiii B DGP 1o 7-ro mopsnka. B cooTrBercTBHM ¢ 3TUM, 100aBMM B TPaBYI 4acTh
OLICHEHHOTO pPaHee YPAaBHEHMs 3alla3bIBAIONIME W ONEPEKAIOIINE PAa3HOCTH IMEPEMEHHOW  z;

BIUIOTH JI0 7-TO MOPSAKA.

Dependent Variable: Y

Sample(adjusted): 9 93

Included observations: 85 after adjusting endpoints




Variable Coefficient Std. Error  t-Statistic Prob.

c 4.987362 0.020874  238.9236  0.0000
z 1.000689 0.007818  127.9955  0.0000
D(2) 1.006216 0.013125  76.66298  0.0000
D(Z(-1)) 0.237875 0.012764  18.63643  0.0000
D(Z(-2)) 0.089302 0.012810  6.971105  0.0000
D(Z(-3)) -0.008934 0.012368  -0.722323 0.4726
D(Z(-4)) -0.002997 0.012391  -0.241901  0.8096
D(Z(-5)) -0.011646 0.012179  -0.956245 0.3423
D(Z(-6)) -0.010012 0.011925  -0.839615  0.4041
D(Z(-7)) -0.003586 0.011634  -0.308269 0.7588
D(Z(1)) 0.262537 0.013373  19.63226  0.0000
D(Z(2)) 0.116863 0.013365  8.744236  0.0000
D(Z(3)) -0.010921 0.013219  -0.826184 0.4116
D(Z(4)) 0.003903 0.013276  0.294017  0.7696
D(Z(5)) 0.021536 0.013232  1.627644  0.1082
D(Z(6)) -0.008452 0.012699  -0.665583 0.5079
D(Z(7)) 0.002945 0.012199  0.241376  0.8100

Pan octatkoB He 0OHapyXHBaeT aBTOKOPPEIUPOBAHHOCTU: P-3HaueHust kputepus bpoiima —
INondpu pasnsr 0.252 (npu rryOune 3anazapiBannii K = 1) u 0.427 (K = 2). [loaTtomy MBI MOKEM
UCIIONIb30BaTh JJsl mpoBepku rumnore3bl Hp: f = 1 0ObIYHYIO f-CTAaTUCTHKY 0€3 KOppEeKIHUU
CTaHJApTHOM OUIMOKHU; €€ 3HAYCHUE PABHO

t = (1.000689-1)/ 0.007818 = 0.0081,
Tak uto runote3a Hy: f = 1 He oTBepraercs.

[Ipumep (IpoaOIKEHHE)
Wzmenum teneps DGP Tak, uyToOBI ciieBa U crpaBa B MepBoM ypaBHeHHH cTosiau 1(1) psaast ¢
JIMHEWUHBIM TPEHIOM.
DGP: y, =5+x;+uy,
xi=1+x_1+v,
rae x1=0,a wu,;, v, —T€ K€, UYTO U paHee.
CwmopenupoBanHas peanuzanus 3toro DGP umeer Bug
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OnenenHoe ypaBHeHHE perpeccuu y; = o + fx; +1; :
Dependent Variable: Y

Method: Least Squares

Sample(adjusted): 3 98

Included observations: 96 after adjusting endpoints

Variable Coefficient Std. Error  t-Statistic Prob.
C 5.172117 0.201812 25.62837 0.0000
X 0.997147 0.003444  289.5306  0.0000

Kpocc-koppenorpaMMa psia OCTaTKOB OT OLICHEHHOTO YPAaBHEHMs W INPUPALLCHUM psaaa X,
UMEeT BMJI, AHAJOTMYHBIA mNpeablaylell koppenorpamme. I[loaromy omsth nepexonum K
OLICHMBAHMIO DPACIIMPEHHOTO YPAaBHEHHs, IONOJIHEHHOIO CEMBIO 3alla3[blBalOIIMMH M CEMbBIO

OIIEPEXKAIOIUMHU PA3HOCTIAMU:
Dependent Variable: Y
Variable Coefficient Std. Error  t-Statistic Prob.

c 3.224675 0.098061  32.88423  0.0000
X 1.000621 0.000520  1923.269  0.0000
D(X) 1.009585 0.012922  78.12803  0.0000
D(X(-1)) 0.241440 0.012760  18.92225  0.0000
D(X(-2)) 0.093472 0.012938  7.224562  0.0000
D(X(-3)) -0.004479 0.012656  -0.353864 0.7245
D(X(-4)) 0.001328 0.012648  0.104986  0.9167
D(X(-5)) -0.007856 0.012272  -0.640121 0.5242
D(X(-6)) -0.006808 0.011934  -0.570501 0.5702
D(X(-7)) -0.001175 0.011513  -0.102067  0.9190
D(X(1)) 0.266271 0.013016  20.45699  0.0000
D(X(2)) 0.120232 0.012948  9.286042  0.0000
D(X(3)) -0.007953 0.012873  -0.617748 0.5388
D(X(4)) 0.006576 0.012866  0.511164  0.6109
D(X(5))

0.023956 0.012814  1.869580  0.0658



D(X(6)) -0.007153 0.012294  -0.581813 0.5626
D(X(7)) 0.003367 0.011821  0.284813  0.7767
B psane ocratkoB M 31ech He OOHApy>KHMBaeTCsl aBTOKOPPEIMPOBAHHOCTH, TaK YTO MOKHO
UCTIONBb30BaTh JJIsl MpoBepku Tumore3bl Hp: f = 1 OOBIYHYIO #-CTAaTHCTHKY 0€3 KOpPPEKIHU
CTaHJapTHOM OLIMOKHU; ee 3HAYeHUE PaBHO

t =(1.000621-1)/ 0.00520 = 1.194,
runote3a Hy: f = 1 He oTBepraercs.

BxiirounM B npaBy1o 4acTh OLIEHUBAEMOTr0 YpaBHEHHUS enle u TpeHAd. [Ipu aTom nonyyaem:
Dependent Variable: Y

Variable Coefficient Std. Error  t-Statistic Prob.

C 3.223725 0.101508 31.75848 0.0000
@TREND -0.000317 0.007802 -0.040686 0.9677
X 1.000938 0.007798 128.3544 0.0000
D(X) 1.009461 0.013372 75.49241 0.0000
D(X(-1)) 0.241345 0.013061 18.47841 0.0000
D(X(-2)) 0.093380 0.013231 7.057897 0.0000
D(X(-3)) -0.004552 0.012877  -0.353495 0.7248
D(X(-4)) 0.001255 0.012867 0.097531 0.9226
D(X(-5)) -0.007941 0.012541 -0.633231 0.5287
D(X(-6)) -0.006888 0.012181 -0.565473 0.5736
D(X(-7)) -0.001256 0.011767 -0.106726 0.9153
D(X(1)) 0.266438 0.013736 19.39718 0.0000
D(X(2)) 0.120397 0.013657 8.815884 0.0000
D(X(3)) -0.007809 0.013441 -0.580980 0.5632
D(X(4)) 0.006723 0.013451 0.499805 0.6189
D(X(5)) 0.024098 0.013370 1.802394 0.0760
D(X(6)) -0.007035 0.012719  -0.553156 0.5820

D(X(7)) 0.003469 0.012172  0.285016  0.7765

['mmote3a Hy: f = 1 He oTBepraercs u I MEPEMEHHBIX, OYUIICHHBIX OT TpeHaa. Koaddumment
IIPY TPEHJOBOU IEPEMEHHOM CTaTUCTUYECKU He3HAuuM. llosydeHHbIE pe3ynbTaThl YKa3bIBAIOT HA
TO, YTO MBI IMEEM JIeJIO C JeTEPMUHUCTCKON KOUHTErpanueii.

IIpumep

PaccmoTpum Teneps cienyrommii DGP:

I/Vt = 5 tir+ e,

Vi=1+1¢+0.5% rw,+ 0.1%n2,,

rac

rw; =rw;_1+ 0.5%n3, — ciyqaitHoe Omy>xnanue 6e3 cHoca,

n2, , n3; — HEKOPPEIUPOBAHHBIE TAyCCOBCKHE IMPOIECCH OENoro myma ¢ eIUHUYIHON
JUCIIEPCUEH.

CmopenupoBaHHas peanuzanus JHbl 50 uMeeT BUA:
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OrneHuBaeM CTaTUCTUYECKYIO Mofienb Vi=o + W, + 1, :

Dependent Variable: V
Included observations: 50

Variable Coefficient Std. Error  t-Statistic Prob.

C -2.657128 0.325116 -8.172855 0.0000
w 1.021898 0.011165 91.52908 0.0000
Durbin-Watson stat  0.290480 _ Prob(F-statistic) 0.000000

Psan octaTkoB

15 20 25 30 35 40 45 50

—  RESID_V_W




WICHTU(QHUIUPYETCS] KaK MHTETPpUPOBaHHBIN (cTatucTuka [uku — @yiepa paBua — 2.22 npu 5%
KPUTUYECKOM 3HadeHuu — 3.46), Tak 4to paasl V; u W, He SBIAIOTCS JIETePMUHHCTCKU
KOMHTEIPUPOBAHHBIMH. bim3octh kK 1 oueHku koddpdunmenta [  COOTBETCTBYET PaBEHCTBY
YIIA0BBIX KO3 (UIIMEHTOB AETEPMUHUPOBAHHBIX TPEHI0B, BXOASIIUX B COCTaB B psiioB V; u W; .
Psan V, —W, He umeeT BBIPAKEHHOTO NETEPMUHHPOBAHHOTO TPEHAA M €ro rpaduk OTIMYaeTcs oT
TOJIBKO 4TO IPEJACTABIECHHOIO MPAKTUYECKU TOJIBKO CIIBUTOM.

Jlo6aBuM B mipaBy10 4acTh OLICHUBAEMOTO YPaBHEHUS TPEHIOBYIO COCTABIISIONIYIO:
Dependent Variable: V

Variable Coefficient Std. Error  t-Statistic Prob.

C -1.493506 0.035792 -41.72787 0.0000
@TREND 0.503277 0.007131 70.57274 0.0000
W 0.496897 0.007519 66.08810 0.0000
Durbin-Watson stat  2.275079 _  Prob(F-statistic) 0.000000

Tenepp psAl OCTATKOB UMEET BU/T
0.2

0.1

0.0 -

-0.1 4

-0.2

[ —— RESID_V_W_TREND |

U UISHTU(DUIMPYETCS KaK CTalMoHapHBIN (cTatucTuka Jukm — dymnepa paBHa —7.09). Kpocc-

KOppeJIorpaMMa psifia OCTaTKOB M IpUpalieHun psaga W;
e ,W_DIF(-i) e W _DIF(+i) i lag lead

0.0353 0.0353
-0.0237 0.1217
-0.0846 0.0115
0.0052 -0.1083
-0.0776 0.1174
0.1352 0.1018
0.1986 0.0347
0.1093 0.1669
-0.1751 0.0614
. . -0.2456 -0.3565
O * . 10 0.1177 -0.0421

YKa3bIBACT HA TO, UYTO 3ACCH AJIF MMOIIOJIHCHHUA OLICHUBACMOI'0 YPABHCHUA JOCTATOYHO OIPAHUYUTHCA
BKJIIOUCHHEM B MPABYIO YaCTh 9 3ama3/IbIBAIOIINX U ONEPEKAIONIMX pasHOCTEr psana W, .

%
%
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OreHuBas MOTIOJTHEHHOE YPAaBHEHUE, MTOJTyYaeM CIICAYIONUN pe3yabTaThl ISl KOAPHUITUCHTOB
npu Tpesae u Wi :
@TREND 0.497313 0.023984 20.73533 0.0000
W 0.505495 0.025512 19.81437 0.0000

[Ipu 3TOM rUMOTE3a rayCcCOBCKOr0 OENIOTOo IIyMa JAJis psijia OCTaTKOB HE OTBEPraeTcs. ITO O3HAYAeT,
YTO MBI UMEEM 3]IECh JEJIO CO CTOXAaCTUYECKON KOMHTerpamnuen. B pamkax pacimimpeHHOl Mojaenn
HEe OTBepraetcs runote3a o paBeHcTse 0.5 koaddunuentoB npu tpenae u W, . I'paduk psga V, —
0.5¢t—0.5W, umeer BuUnI
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Y OTOT P HACHTUPHUITUPYETCS KaK CTallMOHAPHBIN.

ITonsenem uror. Pan V, —W, He umeer BBIPA)KEHHOI'O NETEPMUHUPOBAHHOIO TPEHA, HO UMEET
croxactuueckut Tpeua. Psan V; — 0.5W; umMeeT BbIpa)K€HHBIN JIMHEWUHBIN TPEH]I, HO HE MMEET
CTOXaCTUYECKOr0 TPEHA:

25

20

-5

s 10 15 200 25 30 35 4d 45 50

—— SER2

Hakownen, psn V; — 0.5¢ — 0.5W,; uaentuduuupyercs Kak CTallMOHAPHBIN, CO CPEAHUM 3HAYCHHEM
— 1.493 wu cranpaptaeiM oTkioHeHHEM 0.104. M 3T0 HaxoauTCsl B MOJTHOM COOTBETCTBUU C



WCIIOJB30BAaHHBIM MPH  MOJCIHMPOBAHUM  peaju3aluid IMPOLUECCOM TMOPOKIACHUS  JAHHBIX.
JlercTBUTEIBHO, B COOTBETCTBUH C 3TUM DGP,
V,—05t=05W, =(1 +¢t+0.5% rw, + 0.1*12,) — 0.5¢t = 0.5(5 + ¢t + rw,) =
= —-1.5+0.1*n2,.



masa 8. Mpoueaypa NoxaHceHa

8.1. OyeHueaHue paHza KOuHmMezpayuu

Iycte I(1) psast yis, ..., YN: B COBOKYIHOCTH 00pa3yioT BEKTOPHBIN psif
Yt = (Vlt 5 een ,yNt)T,
CJeAYIOIIUIA MOJIENIN BEKTOpHOU aBToperpeccun VAR(p)
AL) y: =p+ e,
rae
A(L)=Ao— AL — ... — 4,L7,
Ao, Ar, ..., A, — marpuusl pazmepa (N xN),
Ao= Iy (enuHWYHAs MaTpUILIA),
T.€.

vi=utAiyiat . FA i pte.

[TyTem anreOpanueckux mpeoOpa3zoBaHUil 3Ty MOJEIb MOKHO MPEACTABUTH TAKXKE B BUIC

Ayi=u+Coyi1tCiAV 1. T 1Ay per1t &,
rae

Co=41+ ... +Ap*]Na

Chk=—(Ape1 + ... +Ap),k: L,2,...,p—1.
3ameTuM, 4TO

Co=A1+...+A4,— Iy = —A(1),
tak uto rank (o =rank A(1).

Ms1 yxe ormeuanu Bblme (pasn.7.4), 9to eciau psabl Vis , ... , YN KOHUHTETPUPOBAHBI, TO
matpunia A(1) mmeer moHmxkeHHBIH panr (rank A(1) < N). DTOT ke MOHWKEHHBIM paHT OyAeT
UMETh B OTOM clydae U matpunia (o . B o0meM ciayyae, paHr MaTpuibsl (o MOXKET MPUHUMATH
3HadeHusa r =rank (o= 0,1, ..., N.

e 3naueHus »=1,..., N—1 COOTBETCTBYIOT kKounmezpuposantoii VAR (psane1 yi;, ... , Vn
¢ ~ 1(1) KOUHTETPUPOBAHBI).

e Ecmu r=0,T0psansl yis, ..., Vn: He KOUHMEZPUPOBAHDL.

e Ecamu r =N, 1o Torna 000l N-MEpHBII BEKTOP SABJISETCS KOMHTEIPUPYIOIIKUM, TaK YTO
KOMHTEIPHPYIOIMMH Oy 1yT, Hanpumep, Bextopst (1, 0, ..., 0)), (0, 1, ..., 0)), ..., (0,0, ...
, . Ho 10 03Hauaer, uto Bce pAOBL Vit, ..., YNt SABISIIOTCS CHIAUUOHAPHBIMU.

Panr matpunet (o, » = rank (¢, OOBIYHO HA3BIBAIOT PAH2OM KOUHMeEZPAUUU PACCMATPUBAECMOM
CHUCTEMBI PSIAOB Vi , ... , YN ¢ , BHE 3aBUCUMOCTH OT TOTO, UMEET JI MECTO JEHCTBUTEIbHAS
KOMHTErpALMs 3TUX PSIAOB.



BrlsicHeHue paHra KOWHTErpaluu SIBIISICTCS KIIOYEBBIM MOMEHTOM B mocTtpoeHuu ECM —
Mooenu KoppeKyuu ouudoK — 1o Habt01aeMbIM CTATUCTHUECKUM JTaHHBIM. OJIMH U3 BO3MOKHBIX
TyTeil peleHns 3Toi 3anaun 661 peoxken Moxancenom ([Johansen (1988)], [Johansen (1991)],
[Johansen (1992)], [Johansen (1994)], [Johansen, Juselius (1990)]). M3noxxenue 3toro meroaa
TpeOyeT mepexofa K ropa3fo 0oljiee BHICOKOMY MaTeMaTH4ecKoMmy ypoBHIO. [loaTomy Mbl, He
BBIXOJISl CIIMIIKOM JIAJIEKO 33 MPHUHATYIO TUIAHKY CTPOTOCTH M AETAIBHOCTU W3JIOKEHHS, TaJUM
3/1eCh TOJBKO camoe oOlriee MpeacTaBIeHrue 00 3TOM METO/IE.

Mpb1 yxe TOBOPWJIM O TOM, YTO €CJIM KOWHTerpupoBaHHas cuctema I(1) psmoB yi;, ... , Vv
MoXeT ObITh mpencrtaBieHa B popme VAR ¢ rank A(1) = r, To cymiecTByeT COOTBETCTBYIOIIEE
npexacrasieane VAR B popme ECM. Hcxoms u3 storo, MoxaHceH B Ka4ecTBe OTIPABHOIN TOUYKH
OepeT npejcTaBleHue

Ayi=u+Coyi1tCiAy1... v 1Ay p+1t &
¢ MaTpuiei

Co=ap’,
rae a u f — (N X r)-maTpuusl nonHoro panra r . Ilpu atom cronbust By, ..., By Marpunst S
SIBIISTFOTCS JINHEHHO HE3aBUCUMBIMH KOWHTETPUPYIOIIMMU BEKTOPAMH, a DJIEMEHTHI MATPHUIBI
ABISAIOTCA KOA((UIIMEHTAMU MPU CTAIIMOHAPHBIX JTUHEHHBIX KOMOMHAIIMSIX

Z1,t-1 :ﬁT(l)J/t—l soeee 9 Zrt—1 :ﬂT(r)ytfl
(peACTaBISAIOIUX OTKIOHEHUS OT 7 JIOJITOBPEMEHHBIX COOTHOLICHUN MEXIY psiiaMu Vi;, ... , YN
¢) B IPABbIX 4acTsX YpaBHEHUM s Ay, ..., Ayy: .

B npouenype Moxancena npejmonaraercsi, uto & - N-MEpHBIH rayCCOBCKHi GBIl IyM, TaK
YTO CIIy4allHbIA BEKTOp & = (€17, ... , EN ,)T uMeer N -MepHOE HOPMAaJIbHOE pacipenesieHue ¢
HYJIEBBIM CPEJIHUM U KoBapHaluoHHO# MaTpuueit Cov(e)=Q ,u Cov(er,, g5) =0 npu t#s s
Bcex k,j=1,...,N.

Ipexae, 4eM NPUMEHSATh Tpolenypy MoxaHceHa, CIeIyeT ONMPEeNUThCA C HOPSIAKOM  p
BEKTOPHOM aBTOPETPECCUU, KOTOPOM CIEAyeT BEKTOPHBIM psA. /Jiasd 3TOM LelIu MOXKHO
WCITIOJIB30BaTh CTaHAApTHHIE - U F-xputepun (¢ acumnrorudeckum N(0, 1) pactpeneneHueM ajis
{~-CTaTUCTUK M ACHUMITOTHYECKHMH )~ pacmupeieneHusMu st  qF) u, npumenss nx Kk VAR B
YPOBHAX, TOPSIIOK KOTOPOWM B3AT “‘C 3amacom’, MOHM3UTh, MO BO3MOYKHOCTH, THOPSAOK 3TOU
“m36biTouHOM” VAR . 3aMerMM B 3TOH CBSI3M, 4YTO mpoueaypa MoXaHCeHa I0CTaTOYHO
YyBCTBUTEbHA K BBIOOPY Topsizika VAR |, B pamMkax KOTOpOH 3Ta mporieaypa peam3yercs.

Cama mporiefypa HauMHAETCS C TOTO, YTO MO UMEIOIIUMCS HAOTIOACHHUSIM 3HAYCHUN Vi, ... , VN
¢ ,t=1,..., T, BEIYHCIAIOTCS MaKCUMyMBI JIorapumudeckux GhyHKIui npapaonogodus L(Q , u
,Co,C1,...,Cp_1) U HEU3BECTHBIX MapaMeTpoB Q , u, (o, {1,... ,{p- 1 HPU Pa3IUUHBIX

 MbI orpannumBaemcst B 3Toi kuure cuctemamu I(1) psagos. MoxaHCeH paccMaTpuBan Takke M CHCTEMbI,

BKJTIOYaromue psiabl tumna I(2), cm. Hanpumep, [Johansen (1994a)], [Johansen (1994b)], [Johansen (1995b)].



MMPCAIIOJIOKCHHUAX O paHIre¢ KOMHTCrpauuu r . C TOYHOCTBHIO A0 cjiara€MbiX, OJWHAKOBLIX ITPU
pa3in4HbIX 7 , 3TH MAKCUMYMBbI paBHbI

L") =—(T/2)21n(1—/i,,), r=1,...,N,

rac ﬂ’l g eee 52’N — HCKOTOpPbLIC BCIWYMUHBI, BBIYUCIIICMBIC Ha OCHOBAHWHM OAHHUX TOJIBKO

~

CTAaTUCTUYECKUX JAAHHBIX 0€3 BCAKUX MPENIOIOKEHUN O paHre KouHrerpauuu, 1 > A4,>...> 4, >

0 . CpaBHuBas 3Ha4€HUS Lmax () , TOIXy4YEHHBIE NPH PA3IMUYHBIX 7 , MOXKHO OTAATh B MTOTe
OpeArnouYTeHue TOM WIM MHOM rumore3e 00 MCTUHHOM paHre KouHrerpammu. s gopmanuzanun
COOTBETCTBYIOIIETO PEIICHUS B BHJAE HEKOTOPOM CTATHUCTUYECKOW MPOLEAYPBl MOXKHO
UCIIOJIb30BaTh W3BECTHBINA U3 MAaTEMaTHUECKOW CTAaTUCTUKHU KPUTEPUN OTHOIICHUS MPaBIONOA00UN
JUIS pa3iIM4YeHus ABYX TUIIOTE3.

[lycts B kauectBe ucxonHou (* Hgne}soﬁ”) BbICTynaeT runoresa Hy: r = ¥, a B KauecTBe
anbTepHaTUBHOU — runore3a Ha: 7 = v +1. [Ins pa3nudeHns 3TUX THIIOTE3 CPABHUBAIOTCS 3HAYCHHUS

L) =~(1/2) S 1nf1- )

L. (- +1)=—(T/)2) rilln(l i)

KpI/ITepI/II/I OCHOBBIBACTCA HA CTATUCTUKEC

Amax ()= 2 (Lmax (F 1) = Linax (¥ )) == (T/2) In (1 — rm)
Acumnroruueckoe (rpu 7' — o0) pacupeneseHue 3TOM CTaTUCTUKU Mpu ruroTteze Hy 3aBucur ot r
u N ; Ang HEero paccyMTaHbl COOTBETCTBYIOIIME Tabiuubl (cM., Hampumep, [Patterson (2000),
tabmuier 14.3 — 14.7], [Enders (1995), Tabnuua B | unu [Hamilton (1994), tabnuma B.11]).

Eciu runoresa Hy: r = 7 BEpHA, TO 3HAYEHHUS p) , /1 omm3ku Kk Hymo. Eciu BepHa

GRS
A

AJIbTCPHATHBHAA T'HIIOTE3a, TO 3HAUCHUC A OTACJICHO OT HYJIS, U 3HAYCHHUA CTATUCTUKU A max

r*+1
(") CMeIAIoTCs B CTOPOHY OOIBIINX IIOJOKHUTEIbHBIX 3HadeHHit. [losromy rumotesy Ho: r = r'
CIIeZyeT OTBEpraTh B MOJB3y IMIOTe3sl Ha: 7 = 7 +1 Npu GONBIINX MOTOKUTEIBHBIX 3HAYCHHSIX
CTATUCTUKH A max (r*), MIPEBBIMIAIOIINX COOTBETCTBYIONTUN KPUTHICCKUN YPOBEHbD.

[Iyctp Tenepp B KauecTBe MCXOIHOM (“HyJeBOI’”) OIATH BhICTynaeT runoresa Hoy: 7 = ¥, HO B
KauecTBEe allbTepHATUBHOW Oepercs rtumore3a Ha: r > r Jnst paznuyeHuss 3TUX THUIIOTE3

CpaBHHUBAIOTCA 3HAYCHUA

Ly ()= —(T/2)iln(l 7))




Lo (N =—(T/2) S nfi-4).

i=1
Kpurepuii o0CHOBBIBAa€TCSl Ha CTaTUCTUKE

Fnee () = 2 (Lanas (V) — L ) =—(7/2) Sl 4,

i=r*+1
Acumnroruyeckoe (ipu 7 — o0) pacrpeenenue 3Toil CTaTUCTUKU Npu runote3e Hy 3aBucur ot r
u N ; I HETO TaK)Ke PacCUMTaHbl COOTBETCTBYIOIIME Tabiuibl (cM., Hampumep, [Patterson
(2000), Tabmumer 14.3 — 14.7], [Enders (1995), Tabnuna B | wiun [Hamllton (1994), Tabnuna B.10]).

Ecnu runotesa Ho: # = ¥ BepHa, TO 3HAYCHUS A ils e /1 6su3ku K Hymo. Eciau BepHa

AJIbTCPHATHBHAA TUIIOTC3a, TO 3TU 3HAYCHUSA OTACIICHBI OT HYJIA, U 3HAUCHUA CTATUCTUKU A trace (I" )
CMCIIAIOTCS B CTOPOHY OOJNBIIMX IMONOKUTEIbHBIX 3HAyeHHH. Ilosromy rumoresy Ho: r = r
CJICAYCT OTBCPraTb B IOJIb3Y T'MIIOTC3LI HA. r>1 npu 60JIBI_]_II/IX IIOJIOKUTCIIbHBIX 3HAUYCHHUAX
CTATUCTUKH A trace (r*), MIPEBBIIAIOIINX COOTBETCTBYIONMUN KPUTHIECKUIA YPOBEHD.

[IpoGnema, omHAKO, B TOM, YTO 3apaHee OOBIYHO HE M3BECTHO, HA KAKO€ 3HAYCHHUE 7 CIEAYET
PaCCUYUTHIBATD. B Taxom CJIy4ac BO3HHUKACT LCJI0€C MHOXKCCTBO aJIbTCPHATHBHLIX ITIap IT'UIIOTE3, IIPU
IIPOBEPKE KOTOPHIX MOXKHO IIOJNY4HTh HECOINIACYIOLIMECS Pe3ylbTaThl. MOXaHCEH HNpeIoskKu
MOCJIEIOBATEIBHYIO TPOLEAYPY MNPOBEPKH THUIOTE3, C MOMOIIBIO KOTOPOW MOXKHO TOJYyYHTh
COCTOSITENIbHYIO OLIEHKY UCTHHHOTO PaHra KOMHTETPallvu.

NmenHo, 3amaguMcs HEKOTOPHIM YPOBHEM 3HAYUMOCTH 0O , ckaxem, 0.05, u HayHeM C
npoBepku rumnote3sl Ho: » = 0  mpotuB ambTepHatuBbl Ha: 7 > 0. Ecnm ata rumote3a He
oTBepraercs, To nojaraeM 7 =0. B npotuBHOM ciy4ae mpoBepsieM runoresy Ho: » = 1 mportus
anprepHatuBbl Ha: 7 > 1. Ecnwm runoresa Hy: » = 1 He oTBepraercs, To mojaraem 7 = 1; B
IIPOTUBHOM ciyuae nposepsieM runoresy Ho: 7 =2 npotuB Ha:7>2 urt.n.

[MonydeHHas olleHKa 7 COCTOATEIbHA B CICAYIOIEM cMbIciie. Eciin B JEHCTBUTENBHOCTH 7 =
ro, TO IpU T —> 00

P{7r=k}—>0, k=0,1,...,r-1,

P{r=r}—>1-aqa.

Takum 00pa3om, OLICHUTh PAHT KOMHTETPALUA MOXKHO, 110 KpaitHel Mepe, TEOPETUICCKHU.

OpHako npu 00CYXIEHUH MPOLIEAYPbI MoxaHceHa MBI He YIIOMSIHYJIH e1ie 00 0IHOW Cepbe3HOM
npobiieMe, CTosield Ha MyTH K OLEHUBAHUIO HUCTUHHOTO paHra KouHTerpanuu. Jlemo B ToM, 4TO
KPI/ITH‘-IGCKI/IG 3HA4YCHUA CTATUCTUK KPHUTCPUCB OTHOUICHUA HpaB,Z[OHOIL06I/II/I 3aBUCAT HE TOJIBKO OT
r 1 N . OHU 3aBUCAT TaKXe OT TOT0, UMEIOT JIH Psi/ibl JETEPMUHUPOBAHHBIE TPEHbI, BKIIOYAETCS
JM KOHCTaHTa W/WJM TPEH]Il B KOMHTETPAIMOHHOE COOTHOIICHUE (KOUHMeZpayuoHHoe ypaeHeHue,
CE — cointegrating equation). B cBsi3u ¢ 3TUM, NpPU KaKJOM 3HAYEHHM 7 pPaHra KOWHTErparuu
MOKHO PacCMOTPETH CIEAYIOIINE 5 cUTyaluii (MMEHHO 3TH CUTYallUd YYUTBIBAIOTCS, HAIPUMED, B
nakere EVIEWS).

e Hy(r): B IaHHBIX HET JETEPMUHUPOBAHHBIX TPEH/IOB;




B CE He BKJIIOUAIOTCSl HU KOHCTaHTa HU TPEHI.
° Hl*(r): B JIaHHBIX HET JIETEPMUHUPOBAHHBIX TPEHIOB;
B CE BKJIIOUaeTCs KOHCTAHTA, HO HE BKIIIOUAETCSA TPEH.
e H(r): B IaHHBIX €CTh JETCPMUHUPOBAHHBIN TUHEHHBINA TPEH];
B CE BKJIIOUaeTCsi KOHCTaHTa, HO HE BKJIKOYAETCS TPEH.
° H*(r): B JJAHHBIX €CTh J€TEPMUHUPOBAHHBINA JTUHEHUHBII TPEHI;
B CE BKJIIOYAIOTCSI KOHCTaHTa U JIMHEWHBIN TPEH]I.
e H(r): B aHHBIX €CTh JETEPMUHUPOBAHHBIN KBaAPAaTUUHbII TPEH,
B CE BKJIIOYAIOTCA KOHCTAHTA U JIMHEHUHBIN TPEH.

[lpy dbUKCHPOBAaHHOM paHTe 7 TEPEUUCIICHHBIE 5 CUTyaluii 00pa3yroT IETOYKY BIOXKEHHBIX
TUIOTE3:

Ho(r) « H,'(") € Hi(r) € H'(r) = H(@).

DT0 JaeT BO3MOXXHOCTh, OISATh UCIOJNB3Ysl KPUTEPHU OTHOLICHUS MPaBIOMOA00UN, MPOBEPSThH
BBITIOJIHEHUE THIOTE3bI, CTOSIICH JieBee B ATOHM IIEMOYKE, B paMKax THIIOTE3bI, PACIIONIOKEHHOU
HEMOCPEACTBEHHO crpaBa. Bo Bcex ciydasXx acHMITOTHYECKOE paclpelelicHHe CTaTUCTUKU
KpUTEpHs SIBJSIETCS pacrpeielieHneM XHu-KBajapar. UTo Kacaercsi cTeneHed CBOOOABI y STOTrO
ACUMITOTUYECKOTO PacHpe/IeNICHHUs, TO OHO PaBHO

r —miimap Ho(r) Hl*(r) u Hi(r) H*(r),

(N —r) — nns map H'() € Hi(r) u H'() € H@).
3amMeTuM, 4TO JIs KaKIO0W M3 5 CUTyaluii, B CBOIO OuYepe/ib, 0Opa3yrOTCs IIEMOYKH BIIOYKEHHBIX
TUIOTE3:

HO) < ... < H(») < ... < HWN)

H@O) c ... cH(@#) < ... c H©N)

Hi(0) < ... c Hi(») < ... < Hi(N)

H'(0)c ... cH () c.. cH V)

H(0) < ... c Hy(») < ... € Ha(N).

Kputndeckue 3HaYCHUS CTATUCTUK A max M A trace , UCMIOIB3YEMbIC TIPU PEIICHUH BOMPOCA O PAHTE
KOMHTETPAIMH, Pa3IUYHBl Ui 3TUX 5 IIEMOYEK, M ATO OCJOXHSIET 3ajady OIICHWBAaHUS paHra
KOMHTETPAINH, TOCKOJIbKY MPUXOJUTCS MPEABAPUTEILHO BBIOMPATh IIEMOYKY, B PaMKaX KOTOPOH
OyJZeT IPOU3BOUTHCS OIICHUBAHHE.

HekoTopeiM MoACTIOPhEM B 3TOM OTHOIICHHU SIBIISIETCS CBOJKA 3HAYCHHH HMH(DOPMAIMOHHBIX
kputepueB Akanke (AIC) u llIBapua mis Bcex ynoMsHyTeix S(N +1) BapmanToB. Kak u 00brdHO,
HAWIy4Illass MOJEIh BBIOMPAETCS MO MHHHMYMY 3HAUYCHUN KpUTEepUs AKaWKe WU KPUTEpUs
[IBapma. Bropodem, mpakTHKa ITOKa3bIBaeT, 4To Oojiee IOBEPSATh B STOM OTHOIICHHH CTOUT
kputeputo [Bapia. [lpu ananuse cMOJEIUPOBAHHBIX JaHHBIX BBIOOP MO KPUTEPHUIO AKaWKe 4acTo
NPUBOJIUT K Pe3yJIbTaTaM, COBEPIICHHO HE COOTBETCTBYIOIIUM IPOLIECCY TOPOKICHUS TaHHBIX.




Jlig mydiiero ysiCHEHHs BO3HUKAIOIIUX BapUAaHTOB, PACCMOTPUM S5 CUTYalUi, MEpeUUCICHHBIX
BBIIIIE, HA MMPOCTEUIIIEM MPUMEPE TPEYTroiabHOU cuctembl Ouiurnca st 18yx [(1) psoos.
DGP] :yt=ﬂxt +é&,
X =X;_1 T V.
Ha ocHoBaHuM 3TUX IBYX YpaBHEHHH HaXOJIHUM:
Vi=Vior==yviatp -1 tv)te=—0i1— fxio1) Tu,
rae
Uy = ﬁ v T,
Tak uto nojydaem ECM B Buge
Ayi=—z-1t uy,
AXi=v,,
rae
2=yt — B x; (“KoHcTaHTa U TpeH] He BKItovatoTcst B CE”).
[TockonbKy psimpl y; W X; HE COAEpKAT JACTEPMHUHHPOBAHHOTO TpeHaa (“TpeHJa B AaHHBIX
HEeT’), TO BCE 3TO COOTBETCTBYET cuTyaunu Hy(r).

DGPy:y:=po+ fx: + &,
Xt =Xr-1 + V¢

DTy CUCTEMY MOKHO 3aIiCaTh B BUIE

Ayi=—z-1t uy,

Ax =,
rae

=yt —po— P x: (“xoncranta Bximouaercs B CE”).
[lockonbKy panbl y; U X; HE ColepKaT IeTePMUHUPOBAHHOTO TPEH/Ia (“TpeHsa B IaHHBIX HET”),
TO BCE 3TO COOTBETCTBYET cutyauun Hy (r).

DGP;3:y,=po+px: + &,
Xi=Y0tX-1 T Vs,

B aTom cnyuae

Yi=Yia==Yi1 T pot f(potx 1t vi)te =

=—W-1=po =pxi-)+ Byotu,

TaK 4YTO MOJy4yaeM

Ayi=—z 1+t Byotu,

Axi=ypot v,
rjae

Z=y:—po— P x: (“xoncranta Bkmoudaercs B CE”).
Psan x, comepxkut nuHeWHbIN TpeHa (“Tpena B JaHHBIX ). Bee aT0 cooTBeTcTBYeT cutyanuu Hy(r).

DGPs:yi=po+prit+px; +é&,



X =Y t+xi-1 T s,

3necn
Vi—=Vie1==Vie1tpotpit+f(o+tx_1+twv)te=
=—i1—po—pit—=Lxi—1)+t Byotu,
NIn
Ayi=—z 1+ B+ u,
Axi=pot v,
rie

=yt —po—pit— P x; (“xoncranta u Tpenn Bkirovarorcs B CE”).
[v3 v %
Psan x, conmepxxut nuneinsli Tpena (“Tpena B JaHHBIX ). Bee aT0 cooTBercTBYeT cutyauuu H (r).

DGPs:y;=po+pit+fx; +&,
Xe=potyittxi_1 tv;.
B aTom ciyuae
Vi=Yi1==Yi1tpotpit+ B ottty 1 tv)te =
=—-1=po—pit=PFxi-)+ Byt pynttu,
R0
Ayi=—zatBptpnttu,
Axi= po+pyitt+v,
rae
=yt —po—pit— P x; (“xoncranta u Tpenn Bkirovarorcs B CE”).
Pan x; COJICP)KUT KBaApaTW4HbIA TpeHna (“KBaapaTW4yHbBIA TpeHI B HaHHBIX). Bee 3TO
cooTtBeTcTBYeT cutyauuu H(r).

[Ipumep
B kauectBe mpumepa Mbl IPOBEAEM aHAIU3 CMOJEIMPOBAHHBIX JAHHBIX, PEATU3YIOLIUX 3

TOJIBKO YTO paccMOTpeHHbIX BapuaHTOoB DGP. ITpu 3TOM HCIOIB30BaIUCh CIENYIOIIME 3HAYCHUS
MapaMeTpoB:

ﬂ = 2, Po= 5, P1= 0.2, Yo = 0.2, "= 0.01.
B kauectBe psgoB & u v, Opamuck umutanuu JuHBL 1 = 400 HE3aBUCHMBIX MEXIy COOOM
rayCCOBCKUX O€JbIX IIyMOB, UMEIOIINX JUCTIEPCUH, paBHBIC 4 1 1, COOTBETCTBEHHO.

DGP;:y;=2x; + &,

Xr=X;_1 tve.

CmopenupoBaHHas peajin3alusi UMEET BUJL
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CBoJiKa CTAaTUCTHUK JJIsi ONPEACNICHHUsS paHra KOMHTETpaluyu M0 3TUM CMOJEIUPOBAHHBIM JAHHBIM,
nosrygaemasi B makete EVIEWS (B nmpeanonoxxennn, uto VAR B ypoBHSIX UMEET MOPSIOK 2):

Sample: 1 400
Included observations: 398
Series: Y1 X1
Lags interval: 1 to 1
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log
Likelihood
0 -1526.582 -1526.582 -1526.015 -1526.015 -1525.928
1 -1434.108 -1433.925 -1433.357 -1433.324 -1433.242
2 -1434.100 -1432.926 -1432.926 -1430.264 -1430.264
AIC
0 7.691369 7.691369 7.698565 7.698565 7.708180
1 7.246775 7.250880 7.253051 7.257911 7.262521
2 7.266836 7.270985 7.270985 7.267658 7.267658
Schwarz
Criteria
0 7.731434 7.731434 7.758663 7.758663 7.788309
1 7.326905 7.341026 7.353213 7.368089 7.382716
2 7.387030 7.411212 7.411212 7.427918 7.427918

L.R. Test: Rank =1 Rank = 1 Rank = 1 Rank =1 Rank =2
B tabnume s kaxmoi u3 5 yKazaHHBIX BBIIIE BO3MOXKHBIX CHUTyallMid IpU 3 BO3MOXHBIX paHTrax
kounterpanuu (r = 0, 1, 2) npuBeaeHbI:
e 3HayeHHE Lmax () MakcumymMma sorapupma ¢ynkuuu npasaononobdus (Log Likelihood),
COOTBETCTBYIOLIEE BBIICICHHOMY BapHAHTY.




e 3nauenue uHdopmammonHoro kputepuss Akxamke (AIC — Akaike Information Criteria),
COOTBETCTBYIOIIEE BBIICIICHHOMY BapUaHTY.
e 3nauenue uHpopManmoHHoro kpurepus IlIBapma (Schwarz Criteria), cooTBEeTCTBYIOIIEE
BBIJICTICHHOMY BapUaHTY.
B mepBoM cronbue ykasbiBaeTcs “UcmbIThiBaeMbIii” padr kouHTterpamuu (Rank or No. of CEs).
Crenyromue 5 cTONOIOB COOTBETCTBYIOT 5 CUTYalMsIM, IepeurciIeHHbIM Bhile. (B mopsake ciesa
HampaBo 3T0 curyanuu Hy(7), Hl*(r), Hi(»), H*(r), H(r).) B konme kaxmoro croyidna ykaszaH
pe3ynbTaT OICHUBAHMS pPaHTa KOMHTErPAllMd B paMKaxX IIETIOYKH, COOTBETCTBYIOLIEH JTaHHOMY
cTonbiy. TakuM 0O6pa3oM, B paMKax MEPBBIX YETHIPEX CUTYAIMi paHT KOMHTErpally OLIEHUBAETCS
Kak » = 1, a B pamkax nsaToit cutyauuu (H(7)) panr KOMHTErpauu OleHUBaeTCst Kak 7 = 2.
OpueHTupysch Ha KpuTepuil AKawke, HaWjydlied cieayeT mnpuzHaTh mozaenb Hy(1) (Her
TpeHnaa B qaHHbIX, B CE He BKIIIOUalOTCS HU KOHCTaHTa HU TPEHI; paHT KOMHTErpaluu paBeH 1) —
JUIsl HEee 3HAYCHUE KpUTEepus MUHUMaIbHO (paBHO 7.246775). Ta ke Mopaenb BblOMpaercs M
kputepueM LlIBapna (17151 Hee 3HaueHUe kputepus paBHo 7.326905).
Crnenyromast Tabmuma pacuu@poBBIBACT MPOIECC MONTYYECHUSI OICHKH PaHTra KOMHTErpaluu B

CUTYyalliu, COOTBETCTBYIOIIEH MEPBOMY CTOJOILY.
Sample: 1 400

Included observations: 398

Test assumption: No deterministic trend in the data

Series: Y1 X1
Lags interval: 1 to 1

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.371673 184.9642 12.53 16.31 None **
4.00E-05 0.015911 3.84 6.51 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 1 cointegrating equation(s) at 5% significance level

B mnepsom cronbue (Eigenvalue) yxasanel 3HaueHuss A, ,A,, HCHOJIb3yeMble B KPUTCPUU

OTHOIIIEHUs TIpaBaononoduii. B mepsoii ctpoke 184.9642 — nabmtonaeMoe 3HaUYC€HUE CTATUCTUKU
A trace (0), mcronmp3yemoii ipu mpoBepke rumnore3bl Hy: # = 0 mpotuB anerepHatuBsl Ha: » > 0.
Panom ¢ uum npuBomsatcs 5% u 1% KpUTUYECKHME 3HAYCHHS] CTATUCTHUKU A tace (0) B
paccmarpuBaeMoit cutyaruu. [lockoapKy Ha0It01aeMoe 3HAUCHHE 3HAYUTEIIHHO IMPEBOCXOIUT 00a
KPUTHYECKHX 3HaueHus, runoreza Hy: » = 0 oTBepraercs B moib3y anbTepHaTuBbl Ha: 7> 0. . Bo
BTOpOit crpoke 0.015911 — HabmrogaeMoe 3HAYCHHUE CTATHCTUKH A raee (1), UCTIONB3yeMON TIpH
nposepke runore3sl Hyo: 7 = 1 nportus ansrepHatussl Ha: 7 > 1. Pagom npusoadarca 5% u 1%
KPUTHUYECKHUE 3HAYCHUS CTATHCTUKH A ace (1). HabOmromaemoe 3HaYCHHWE CTATUCTHKU A trace (1)
HAMHOTO MEHbIIIE KPUTUYECKHX, Tak yTo runore3a Hy: » = 1 He orBepraercsa. Kak uror oueneHHoe
3HAQUYEHWE paHra KOWHTErpallud TPUHHUMAETCS PaBHBIM 1, UYTO COOTBETCTBYET HCTUHHOMY
IOJIOYKEHHIO BEIIEH.




DGPZ :yt=5+2xt +St,
Xt =Xr-1 + V¢
CMOI[CJ_H/IpOBaHHaﬂ pcainrsanuia UMECT BUA

[— Y2 - x2 |

CBOI[Ka CTAaTUCTUK JIAA ONIPCACIICHUA paHl'a KOMHTCIPAllMU 11O 3TUM CMOACIIMPOBAHHBIM JJaHHBIM:

Sample: 1 400
Included observations: 398
Series: Y2 X2
Lags interval: 1 to 1
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log
Likelihood
0 -1526.582 -1526.582 -1526.015 -1526.015 -1525.928
1 -1513.785 -1433.925 -1433.357 -1433.324 -1433.242
2 -1513.777 -1432.926 -1432.926 -1430.264 -1430.264
AIC
0 7.691369 7.691369 7.698565 7.698565 7.708180
1 7.647159 7.250880 7.253051 7.257911 7.262521
2 7.667223 7.270985 7.270985 7.267658 7.267658
Schwarz
Criteria
0 7.731434 7.731434 7.758663 7.758663 7.788309
1 7.727289 7.341026 7.353213 7.368089 7.382716
2 7.787417 7.411212 7.411212 7.427918 7.427918

L.R. Test: Rank=1 Rank =1 Rank = 1 Rank =1 Rank =2

o o *
OpueHTupysch Ha KpuTepuil Akauke, HauiIydulen ciexyer npusHarb monaenb H (1) (Her Tpenna
B naHHbIX, B CE BKJIIOYaeTCsl KOHCTaHTa, PaHI KOMHTErpalUu paBeH 1) — i1 Hee 3HaueHHe




KpUTepuss MUHIUMAIBHO (paBHO 7.250880). Ta ke Moaens BeiOupaeTcst U kputepueM [lIBapma (st
Hee 3HaueHue Kputepus paBHo 7.341026).
Crnenyromasi Tabnuma pacum@poBBIBACT MPOIECC MONTYYCHUS OICHKH PaHTra KOMHTErpaluu B

CUTYyalluu, COOTBETCTBYIOIIEH BTOPOMY CTOJIOILY.
Test assumption: No deterministic trend in the data

Series: Y2 X2
Lags interval: 1 to 1

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.372251 187.3130 19.96 24.60 None **
0.005008 1.998159 9.24 12.97 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 1 cointegrating equation(s) at 5% significance level

Ha6mronaemoe 3nauenne 187.310 cTaTUCTUKH A trace (0), UCTIONB3yEeMOM TIPH MPOBEPKE THIIOTE3BI
Hp: » = 0 mnporuB anprepHaTuBbl Ha: 7 > 0, 3HAUUTENHHO MPEBOCXOIUT 00a KPUTUUECKUX
sHauenus. ['mnore3a Hy: » = 0 orBepraercs B moib3y anbrepHaTuBbl Ha: 7 > 0. HaGmromaemoe
3HayeHue 1.998159 cratuctuku A gace (1), MCmonmb3yemoil mpu nposepke rumotessl Hp: » = 1
MPOTUB aJIbTepHATUBBI Hp: 7 > 1, HAMHOTO MeHbIIE KpUTHYECKHUX 3HaueHui. ['unore3a Hy: » = 1 He
oTBepraerca. Kak UTOr OIICHEHHOE 3HAYEHHE pPaHra KOWHTErpaluu MPUHUMAETCS PaBHBIM 1, 4TO
COOTBETCTBYET UCTUHHOMY MOJIOXKEHHIO BEIIEH.

DGP3 :yt=5+2xt +£t,
Xt = 0.2 +x,_1 Ty,
CMOH@HHpOBaHHaﬂ p€anmn3anusa UMECT BUL
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CBoJIKa CTaTUCTHK JUIsl ONIPEACIICHUS paHra KOMHTErPALUU 110 3TUM CMOJIETMPOBAHHBIM JIAHHBIM:
Sample: 1 400

Included observations: 398

Series: Y3 X3



Lags interval: 1 to 1

Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend

Log

Likelihood
0 -1531.268 -1531.268 -1526.015 -1526.015 -1525.928
1 -1506.877 -1438.576 -1433.325 -1433.324 -1433.242
2 -1504.370 -1432.880 -1432.880 -1430.264 -1430.264

AlIC

0 7.714915 7.714915 7.698565 7.698565 7.708180
1 7.612447 7.274253 7.252889 7.257911 7.262521
2 7.619950 7.270753 7.270753 7.267658 7.267658

Schwarz

Criteria
0 7.754980 7.754980 7.758663 7.758663 7.788309
1 7.692577 7.364399 7.353051 7.368089 7.382716
2 7.740144 7.410980 7.410980 7.427918 7.427918

L.R. Test: Rank=2 Rank =2 Rank =1 Rank =1 Rank =2

OpueHTupysaCch Ha KpUTepHil AKauKe, HawiIydled ciexyer nmpusHate monenb Hi(1) (tpenn B
nanubeiXx, B CE BKkIIOWaeTcss KOHCTAaHTa, paHT KOMHTETpallid paBeH 1) — s Hee 3HAYCHHUE
KpUTEpHsI MUHUMANBHO (paBHO 7.252889). Ta xe monensb BeiOUpaercs u kpurepuem LlIBapra (s
Hee 3HaueHHe Kputepus paBHo 7.353051).

PaciuppoBka mpomecca MOMy4YeHHMS OLEHKHM paHra KOMHTErpalMd B  CUTYalHH,

COOTBETCTBYIOIICH TpEeTbeMy CTOJIOITY:

Sample: 1 400

Included observations: 398

Test assumption: Linear deterministic trend in the data

Series: Y3 X3
Lags interval: 1 to 1

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.372353 186.2692 15.41 20.04 None **
0.002234 0.890114 3.76 6.65 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 1 cointegrating equation(s) at 5% significance level

I'unore3a Hp: » = 0 orBepraercs B noisib3y anbrepHaTtuBbl Ha: 7 > 0. T'unoteza Hy: » = 1 He
OTBEpraercs B MOJb3y anbTepHaTuBbl Hua: » > 1.  Kak uTOr OLEHEHHOE 3HAaYE€HHE paHra
KOMHTErpaly NPUHUMAETCS] PaBHBIM 1, 4TO COOTBETCTBYET UCTUHHOMY TOJIO)KEHHIO BEILIEH.

DGP4:yt=5+0.2t +2xt +8t,
xt=0.2 +Xx-1 .
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CBOI[Ka CTaTUCTUK JJIA OIIPCACICHUA paHra KOMHTECrpaluu 1o 3TuM CMOACIIMPOBAHHBIM JaHHBIM:

Sample: 1 400
Included observations: 398
Series: Y4 X4
Lags interval: 1 to 1
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log
Likelihood
0 -1533.049 -1533.049 -1526.015 -1526.015 -1525.928
1 -1525.311  -1525.279 -1518.361 -1433.324 -1433.242
2 -1521.201 -1518.005 -1518.005 -1430.264 -1430.264
AIC
0 7.723863 7.723863 7.698565 7.698565 7.708180
1 7.705079 7.709944 7.680208 7.257911 7.262521
2 7.704525 7.698520 7.698520 7.267658 7.267658
Schwarz
Criteria
0 7.763928 7.763928 7.758663 7.758663 7.788309
1 7.785208 7.800090 7.780370 7.368089 7.382716
2 7.824720 7.838747 7.838747 7.427918 7.427918

L.R. Test: Rank=2 Rank = 2 Rank =1 Rank =1 Rank = 2

OpueHTHpYSICh Ha KpUTEpU AKaWke, HaAWIy4dlleW CIeAyeT NPU3HATh MOJENb H*(l) (TpeHn B
nanabix, B CE BKITIOUAIOTCS KOHCTaHTA M JTUHEHHBIA TPEHII; paHT KOWHTETpaluu paBeH 1) — s
Hee 3HAaYCHUE KpUTepHusi MUHUMAaIBHO (paBHO 7.257911). Ta xe Moaenb BRIOUpAETCS U KPUTEPHEM
[IBapua (1151 Hee 3HaueHue kpurepus paBHo 7.368089).




PacmmmdpoBka mporecca MONMyYCHHS] OICHKH  paHTra  KOWHTETPAIHH

COOTBETCTBYIOILIEH YETBEPTOMY CTOJIOILY:
Test assumption: Linear deterministic trend in the data

Series: Y4 X4
Lags interval: 1 to 1

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.372355 191.5010 25.32 30.45 None **
0.015260 6.120353 12.25 16.26 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 1 cointegrating equation(s) at 5% significance level

B CUTyalunu,

I'mnorteza Hp: » = 0 oTBepraercs B nonb3y aibrepHaTuBbl Ha: 7 > 0. ['unoteza Hp: » = 1 He
oTBepraercd B MOJb3y ainbTepHaTuBbl Ha: 7 > 1. OueHeHHOe 3HaueHHe paHra KOMHTErpaluu

MPUHUMAETCS PaBHBIM |, YTO COOTBETCTBYET UCTUHHOMY IOJIOKEHHIO BEILEH.

DGPS :yt=5+0.2t +2xt +8¢,
Xt = 0.2+0.01¢ +x1 v
CMOH@HHpOBaHHaﬂ p€anmn3anusa UMECT BUL
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CBO,Z[K& CTATUCTUK JIAA ONIPCACIICHUS paHl'a KOMHTCIpAIUU 110 3TUM CMOACIIMPOBAHHBIM JdHHBIM:

Series: Y5 X5
Lags interval: 1 to 1
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log
Likelihood
0 -1672.222 -1672.222 -1630.634 -1630.634 -1525.928

-_—

-15627.340 -1527.331 -1525.738 -1525.724 -1432.667



2 -1527.280  -1520.795 -1520.795 -1432.659 -1432.659

AIC
0 8.423224 8.423224 8.224289 8.224289 7.708180
1 7.715279 7.720258 7.717274 7.722231 7.259633
2 7.735077 7.712538 7.712538 7.279694 7.279694
Schwarz
Criteria
0 8.463289 8.463289 8.284386 8.284386 7.788309
1 7.795408  7.810404  7.817436  7.832409  7.379827
2 7.855272  7.852765  7.852765  7.439953  7.439953
L.R. Test: Rank=1 Rank = 2 Rank = 2 Rank = 2 Rank =1
OpueHTHpysSCh Ha KpuTepuid AkaWke, HaWwIydllled CleayeT MpU3HATh MOJEb H(T)

(kBampaTuuHbld TpeHa B JaHHbIX, B CE BK/IIOYAOTCS KOHCTAaHTAa M JIMHEWHBIA TPEHI; paHT

KOUHTETpaIy paBeH 1) — /uisi Hee 3HAYCHHE KPUTEpUs MHUHUMAIbHO (paBHO 7.259633). Ta xe

MoJienb BeiOupaeTcs u kpurepueM LBapua (Juis Hee 3HaUeHHE KpuTepHs paBHo 7.379827).
PacnmmdpoBka mpomecca MOJNy4eHHS OLIGHKM paHra KOMHTErpallud B CHUTYyaluH,

COOTBETCTBYIOILIEH MATOMY CTOJIOLLY:

Test assumption: Quadratic deterministic trend in the data
Series: Y5 X5

Lags interval: 1 to 1

Likelihood 5 Percent 1 Percent Hypothesized

Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.374152 186.5374 18.17 23.46 None **
3.97E-05 0.015819 3.74 6.40 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 1 cointegrating equation(s) at 5% significance level

['unore3a Hp: » = 0 otBepraerca B nosab3y anbTrepHaTuBbl Ha: 7 > 0. T'unote3a Hp: » = 1 He
OTBEpraercs B MOJIb3y albTepHaTUBBI Ha: 7 > 1. OueHeHHOe 3HAYEHUE paHra KOWMHTErpaluu
MIPUHUMAETCS PaBHBIM 1, YTO COOTBETCTBYET UICTUHHOMY IOJIOKEHUIO BEILIEH.

Crnenyromuii npumep, B KOTOPOM MPOLIECC HOPOXKIAEHHUS JAaHHBIX NPEACTABISIET TPEYTrOJIbHYIO
CUCTEMY, WITIIOCTPUPYET MPOLEAYPY ONPEEICHNUs paHra KOMHTETpalluy Mpu O0JIbIIEM KOJIHUYECTBE
PSLIIOB.

[Ipumep
PaccmoTtpuM miporiecc moposkIeHUs JaHHBIX, 00pa3yIONINil TPEyTroJabHYyI0 cucTeMy Dunurica.

DGP: L234, =0.5W,,+ W5, +2W4,+ &1y,
L23; = W21+0.5W3;+821,
Wy =W 1téss,
Wi =Ws 1+ éay,



War =Ws 1+ &s54,
TA€ 11,801,831, 4, &5 — HE3aBUCUMBIE MEXAY COOOI TayCCOBCKHE MPOLIECCHI OENOro myma,
MMEIOIINE HYJIEBbIE MAaTEMaTHUYECKUE OXKHUIaHUsI U TucTiepcuu, pasHbie 0.04.

Psanet Way, Wi, Wa, SBISIIOTCS CIy4YallHBIMU OJYyXIaHUSAMU M UHTEPIPETUPYIOTCS B paMKax
ATOU CUCTEMBI KaK 0ougue mpenowt (“common trends”), B TOM CMBICJIE, YTO BCS (CTOXAacTUUECKas)
HECTAIIMOHAPHOCTh CUCTEMbI YMPaBISETCS 3TUMHU TpeMs psiiaMu. HecTanuonapHoe mMoBeaeHUE
pana L23, perymupyercs psgamu W, , m Wi ,, a HecTamoHapHOe ToBeneHue psga L234,
perymupyercs pagamu Wo,, Wi, u Wy, .

CmonenupoBanHble naHHble cojepkar S01 3HaueHue miiga Kaxaoro w3 5 Bxoasmux B DGP
psgoB L1234, , 123, , Wo,, W3, u Wy, . Caenytomue rpauku MOKa3bIBaIOT IMOBEIACHHE
CMOJICJIMPOBAHHBIX PEATN3aLAN.

750 100 150 200 250 300 350 400 450 500

— L23 - L234 [— WALK2 - WALK3 ———- WALK4|

OuenuBasi MO CMOJAEIUMPOBAHHON peanuzammu S5 psjgoB moaenb VAR(1) B ypoBHax (6e3
OTPAaHWYEHUN Ha paHr KOUHTETpAaIlMH) W aHAJU3UPYyS KOPPEJIOrpaMMbl TMOJYUYECHHBIX PSIOB
OCTaTKOB, Mbl He OOHapy>XKMBaeM aBTOKOPPEIMPOBAHHOCTU y BCeX 5 psaaoB ocTatkoB. Hampumep,
KOppesorpaMMa psijia OcTaTKoB oT psiaa L234, umeer BUJ
Included observations: 498
Autocorrelation Partial Correlation AC PAC Q-Stat Prob

J- J. 1 -0.044 -0.044 0.9530 0.329

. g 2 -0.037 -0.039 1.6395 0.441
3 0.031 0.028 2.1276 0.546
4 -0.020 -0.019 2.3355 0.674
5 0.031 0.031 2.8073 0.730
6
7
8
9
1

0.036 0.037 3.4726 0.748
0.008 0.015 3.5055 0.835
0.039 0.041 4.2674 0.832
0.003 0.007 4.2734 0.893

| |
| I
| |
. .
1. .
1. .
| |
| | 0 0.001 0.005 4.2743 0.934



[TosTOMy MBI MOXE€M OCTAaHOBUTBHCS Ha cTaTUCTUYeCKOM Mmoxaenu B Buae VAR(1) mist ypoBHeq.
CootBercTByIOIIas € MOJETh KOPPEKIHUU OMIMOOK HE COAEPKHUT B MPABBIX YACTAX ypaBHEHUH
3amna3/bIBAIOIINX Pa3HOCTEH, U 3TO CIIEYET YUYUTHIBATh MPU OLEHUBAHUY PAHTa KOMHTETPALIUH.

CBoJiKa CTaTUCTHK ISl ONIPEACIICHHS paHra KOMHTErPALUK 110 CMOICIIMPOBAHHBIM JTAHHBIM:
Series: L234 L23 WALK2 WALK3 WALK4
Lags interval: No lags

Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend

Log

Likelihood
0 99.73833 99.73833 103.2311 103.2311 104.7734
1 279.2178 279.4377 282.9301 283.2575 284.7997
2 457.0419 457.6821 461.1675 462.6611 464.2006
3 461.1754 463.9622 466.3818 469.2587 470.4661
4 464.5438 468.0578 469.2034 472.1756 473.0952
5 464.7799 470.6760 470.6760 473.8191 473.8191

Akaike

0 -0.400556 -0.400556 -0.394502 -0.394502 -0.380616
1 -1.081196 -1.078063 -1.076025 -1.073323 -1.063453
2 -1.755188 -1.749727 -1.751677 -1.749643 -1.743777
3 -1.731628 -1.730772 -1.732457 -1.731963 -1.728780
4 -1.704995 -1.703044 -1.703628 -1.699501 -1.699178
5 -1.665783 -1.669382 -1.669382 -1.661924 -1.661924

Schwarz
0 -0.400556 -0.400556 -0.352227 -0.352227 -0.296066
1 -0.996646 -0.985058 -0.949199 -0.938043 -0.894352
2 -1.586088 -1.563717 -1.540301 -1.521357 -1.490127
3 -1.477977 -1.451756 -1.436531 -1.410672 -1.390579
4 -1.366794  -1.331023 -1.323152 -1.285205 -1.276427
5 -1.243032 -1.204355 -1.204355 -1.154623 -1.154623

L.R. Testt Rank=2 Rank =2 Rank =2 Rank =2 Rank = 2

B pamkax kaxaoro croy0na LENOoYKd KpUTEpHEB BHIBOAAT Ha paHr 2. Ob6a mH(pOpMaMOHHBIX
kputepusi (Axamke wu [lIBapra) yka3pIBalOT Ha BapWaHT ‘“‘HET TpeHJA B JIaHHBIX, B
KOMHTETPAllMOHHOE COOTHOLIEHHE HE BKJIIOYAIOTCS HM KOHCTAHTA HU TPEHJ; paHI KOMHTErpaluu
paBeH 2”.

[IpuBenem tenepp CBOJKY CTaTUCTHK Ul ONIPENEICHMS paHra KOMHTErPAllud TPOUKH psAoB W)
s Wirm Wy
Series: WALK2 WALK3 WALK4
Lags interval: No lags

Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept




No. of CEs No Trend No Trend No Trend Trend Trend
Akaike
0 -1.209358 -1.209358 -1.211316 -1.211316 -1.205445
1 -1.201837 -1.206417 -1.208105 -1.209616 -1.206429
2 -1.191311  -1.194747 -1.195348 -1.193234 -1.192934
3 -1.168162 -1.177195 -1.177195 -1.171753 -1.171753
Schwarz

0 -1.209358 -1.209358 -1.185951 -1.185951 -1.154715
1 -1.151107 -1.147232 -1.132009 -1.125065 -1.104968
2 -1.089850 -1.076376 -1.068523 -1.049499 -1.040743
3 -1.015971 -0.999639 -0.999639 -0.968832 -0.968832
L.R. Test: Rank=0 Rank =0 Rank =0 Rank =0 Rank =0

31ech B paMKax Ka)JI0TO CTOJIOLA IIETOYKH KPUTEPUEB BBIBOAAT HA paHT (, 4TO COOTBETCTBYET
DGP. Kpurepuii Axanke yka3blBa€T Ha BapHaHTbl C TPEHAOM B JAHHBIX, TOTJA KaK KpUTEPUM
[IIBapna ocTaHaBIMBaeTCsA Ha BapuaHTax 0e3 TpeHa B JaHHbIX, YTO U cooTBeTcTBYeT DGP.

8.2. OyeHuesaHue Mmodesnu KoppeKkyuu owubok

Ilocie OlEHMBAHMA paHra KOMHTETpAallid B paMKaX HpoHeaypsl MoxaHceHa uMeercs
BO3MOXHOCTh HOJy4YeHHUs1 (IIpU BBIOPAaHHOM paHre KOMHTETPAllMM 7 ) OLEHOK MaKCHUMAaJbHOI'O
IpaBONONO0Us UId ¥ JIMHEHHO HE3aBUCUMBIX KOMHTEIPUPYIOLIMX BEKTOpPOB. Peanusanus Takoro
oueHuBanud B nakere EVIEWS i rpynmnsl u3 5 ps10B, pacCMOTPEHHON B IIPEBITYILEM IIPUMEPE

(r = 2), naet cieayromue pe3yabTaThl.

Test assumption: No deterministic trend in the data

Series: L234 L23 WALK2 WALK3 WALK4
Lags interval: No lags

Unnormalized Cointegrating Coefficients:

L234
-0.079261
-0.202709
0.001194
-0.002101
-0.000206

L23
-0.198108
0.079211
0.000453
0.001543

-0.000771

WALK2 WALKS3 WALK4
0.236127 0.178603 0.159704
0.022787 0.161363 0.406370
-0.014625 -0.034465 0.037834
0.019423 -0.024621 0.007077

_0.011197 -0.009764 -0.012244

Kaxxnas ctpoka 310l TaOauIbl COAEPKUT KOMIIOHEHTBI OHOTO U3 BO3MOKHBIX KOUHTETPUPYIOLIUX
K PacCMOTPEHHUIO
KOUMHTETPUPYIOLINX BEKTOPOB, MPUYEM 3TH ISATH BEKTOPOB SIBISIOTCS JIMHEHHO HE3aBUCHUMBIMH.
[lepBas u3 5 cTpok couaepkHUT KO3(PPULIMEHTH JTUHEHHOW KOMOMHAIMM YKa3aHHBIX pSAJOB,
“HanboJiee MOXOXKEH Ha cTalMOHApHY0 . BTOpas cTpoka COOTBETCTBYET JIMHEHHONW KOMOWHAIINY,

BCKTOPOB.

Bcero, Takum

oOpazom,

npeajiaracTes

3aHUMAIOIICH B 3TOM OTHOIICHHH BTOpPOC MCECTO, U T.A.

BAapHUaHTOB



Ecin Obl MBI OLIEHWJIM paHI KOUHTErpauuu kKak » = 1, TO Torga B KauecTBE OLIEHKU
KOMHTEIPUPYIOIIEr0 BEKTOpPa MOXKHO OBLJIO B3ATh BEKTOP C KOMIIOHEHTAMHM, NPUBEACHHBIMU B
IIEPBOM CTPOKE, T.€. BEKTOP

(-0.079261, -0.198108, 0.236127, 0.178603, 0.159704)"

Wil 000 MPONOPIMOHATBHBIA €My BekTop. BpiOmpass W3 53TOr0 MHOMECTBa BEKTOD,
HOPMaJIM30BAHHBIN HA NEPBYI0 KOMIIOHEHTY, T.€. BEKTOp, IIOJYyYEHHBIH U3 YKa3aHHOTO JEJICHUEM
BCEX €r0 KOMIIOHEHT Ha NIEPBYI0 KOMIIOHEHTY, Mbl IIOJYUMJIH Obl BEKTOP

(1,2.499451,—2.979119, — 2.25363, —2.014916)" .

[TockonbKy paHr KOMHTErpanuu OblI OLEHEH KaK » = 2, TO B KAUECTBE OLIEHOK JIBYX JIMHEHHO
HE3aBUCHMBIX KOMHTETPUPYIOIIMX BEKTOPOB MOXHO B3iTb BEKTOPbl C KOMIIOHEHTAaMH,
IIPUBEJCHHBIMU B IIEPBBIX JABYX CTPOKAX, T.€. BEKTOPHI

/)’*(1) =(=0.079261, —0.198108, 0.236127, 0.178603, 0.159704)"

u

/)’*(2) = (- 0.202709, 0.079211, 0.022787, 0.161363, 0.406370)".

Heno, ogHako, B TOM, UTO TIOMUMO 3THX JIBYX BEKTOPOB B KaU€CTBE KOMHTEIPUPYIOIIUX BEKTOPOB C
TEM >K€ YCIeXOM MOTYT BBICTYIATh U JIFOOBbIC JIMHEHHbIE KOMOMHALIMK 3TUX ABYX BEKTOpoB. U1 B
peaTbHBIX SKOHOMUYECKUX 3aJladax Ba)KHO, YTOOBI BHIOpaHHAs B UTOTE U3 3TOI0 MHOXECTBA Iapa
BEKTOPOB BBIpakajla OCMBICICHHBIE C IKOHOMUYECKOW TOYKU 3PEHUS (IKOHOMHUYECKOH TEeOpuH)
JIOJITOBPEMEHHBIE  CBSI3M  MEXJYy pacCMaTpPUBAEMbIMU TEPEMEHHBIMU (HampuMmep, MapuUTeT
MOKYTMAaTeIbHON CIIOCOOHOCTH, CIIPOC HA JIEHBI'H U T.I1.). DTO, B CBOIO OUepe/ib, TPeOyeT HalOKEHUs
Ha KOMHTETPUPYIOIIME BEKTOPHl COOTBETCTBYIOUINX UOCHMUDUUUPYIOUWUX OPAHUYEHUIL,
MO3BOJIAIOIIMX PAa3IMyaTh 3T BEKTOPHI, BBIACISAA UX U3 BCETO MHOXKECTBA JTUHEHHBIX KOMOMHALIUN
0a3uCHBIX BEKTOPOB.

Ecnu panr xouHTerpauuu paBeH r» > 1, TO Uil pa3iauyeHUs] KOMHTETPUPYIOIIUX BEKTOPOB
JIOCTAaTOYHO HAJIOKUTh HA KaXIblM W3 KOWHTEIPUPYIOUIUX BEKTOPOB ¢ = 7 — | JIMHEHHBIX
orpaHuueHuil (MpuyeM 3TU JTUHEIHBIC OTPaHUYCHHS CaMU JTOJKHBI ObITh IMHEMHO HE3aBUCHUMbBIMU
— UWHa4Ye pa3U4YeHHUs HE TOJIY4YUTCs). OTO JaeT BO3MOXKHOCTH OINPEACTUTh KaXAbIH U3
KOUMHTETPUPYIOIINX BEKTOPOB C TOYHOCTHIO 10 KOA((UIMEHTa NPONOPLHOHAIBHOCTH, a 3aTeM
MOJyYUTh €UHCTBCHHBI HAOOP KOMHTETPHUPYIOIIMX BEKTOPOB, HOPMHUPYSI KOMIOHEHTHI Ka)I0TO
BEKTOpa Ha KaKyr0-J1100 U3 ero (HeHYJICBBIX ) KOMITIOHEHT.

B Hamem npumepe r = 2, Tak 4YTO Ha KaXIbld M3 JIByX KOMHTETPUPYIOIIUX BEKTOPOB
JIOCTATOYHO HAJOXKUTh MO OJHOMY JIMHEMHOMY OIPaHMYEHHIO, HAPUMEDP, MPUPABHATH OJHY H3
KOMIIOHEHT KOMHTETPUPYIOIIET0 BekTopa Hymto. [Ipu 3TOM 3aHylisieMble KOMIOHEHTBHI B JBYX
BEKTOpPaX JOJDKHBbI OBITh pa3idvuHbIMH. BpiOop 3aHynsieMblX KOMIIOHEHT Ha MPaKTHKE
OIIPENENACTCS, UCXOIS U3 IPEACTABICHUN TOM WK NHON Y3KOHOMHUYECKOM TEOPHUHU.

Nmutupysi Takoir BbIOOp, MBI OyJIeM HCXOAUTh W3 Haau4us HHPOpMAMU O TOM, 4YTO ““B
COOTBETCTBUU C HEKOTOPOH 3KOHOMHUYECKOU Teopueil”, Mexy nepemenusimu 1234, , L23,, W,
Wi, u Wi, NOMKHBI CyIIECTBOBATH JBE JIOJITOBPEMEHHBIE CBSI3H, OJJHA U3 KOTOPBIX CBS3BIBAECT
nepemenusie 1234, , Wy, W3 ,, W4, W He BKIIOUYaeT nepeMeHnyo L23;, a npyras CBs3bIBaeT




nepemennsie L23,, Wy, Wi, , W4, u He BKItouaeT nepemennyto L234, . Ecinu npu 3ToM U3 TOM ke
“IKOHOMUYECKOM TeOpUn” CIEMYeT TaKKe, UTO B MEPBOM JTOJTOBPEMEHHON CBSI3U “‘00BsICHSIEMON”
nepeMeHHoil sBnsercss L234, , a Bo BTOpod — mepemeHHas L23;, , TOo, HOpMHUpPYsS NEPBBII
KOMHTEIPUPYIOIIUH BEKTOp Ha NEPBYI0 KOMIIOHEHTY, a BTOPOH KOMHTEIPUPYIOIIMNA BEKTOp — Ha
BTOPYI0 KOMIIOHEHTY, MbI IIPEACTABIISIEM 3TH KOUHTETPUPYIOLIUE BEKTOPHI B BUJIE

ﬁ(l) = (1’ 0’1613 ’ﬂ14 >ﬂ15)T

Beoy=(0,1, B2, B2, B2)" .
Takum oOpa3omMm, Mocie MOJy4YeHHs JABYX HPOM3BOJBHBIX JIMHEHHO HE3aBUCHUMBIX OLIEHOK JBYX
KOUMHTETPUPYIOLINX BEKTOPOB,

(-0.079261, -0.198108, 0.236127, 0.178603, 0.159704)",

(-0.202709, 0.079211, 0.022787, 0.161363, 0.406370)",
3aJja4a COCTOUT B OTHICKAHUH JTMHEHHBIX KOMOMHAIMI 3TUX OLIEHEHHBIX BEKTOPOB, UMEIOIIUX BUJ

(1,0,813,B14, 815" u (0,1, ,P,B2) .

Pemenue aroii 3anaun B makere EVIEWS npuBogut k ciiegyromemMy pe3ynbrary:

Normalized Cointegrating Coefficients: 2 Cointegrating Equation(s)

L234 L23 WALK2 WALK3 WALK4
1.000000 0.000000 -0.499995  -0.993065  -2.006077
(0.00541) (0.00868) (0.00852)
0.000000 1.000000 -0.991867  -0.504230  -0.003537

(0.00549) (0.00881) (0.00865)
B cooTBeTCcTBUH C 3TOI TaOIHIIEH,

Lay=(1,0,-0.499995, — 0.993065, — 2.006077)"

Bey=1(0,1,-0.991867, — 0.504230, — 0.003537)".
DTO COOTBETCTBYET JIBYM J0JTOBPEMEHHBIM COOTHOIIEHUSAM

L234, =0.499995W;,+ 0.993065W5 ,+ 2.006077 W4,

L23, =0.991867W,,+ 0.504230W3; + 0.003537 Wy,

KOTOpble OJNM3KW K TEOPETUYECKUM JOJITOBPEMEHHBIM COOTHOIIEHUSM, OIpEeIesieMbIM
ncnonb3oBanHeiM DGP, a umenno,

L234t = 0.5W2t+ W3t+ 2W4;,

L23; = Wzt‘l' 0.5W3;.
HetpynHo 3aMeTuTh, YTO OLIEHEHHBIE BEKTOPBI ﬂ*(l) u ,B*(z) SBJISIIOTCS! JINHEMHBIMM KOMOMHAIUSIMU
BEKTOPOB f(1) U ) :

B 1y =—0.079261 p1y —0.198108 2y ,

B2 =—0.202709 1) + 0.079211 By .

[lpuBenennple B TabnMue MOA OLIEHKaMU KO3((UIMEHTOB OLCHEHHbIE 3HAUYEHUS MX
CTaHJApPTHBIX OIIMOOK JalOT HEKOTOPYK OPHMEHTAlMI0 B OTHOLIEHHWM TOro, KakUMHU B
JeMCTBUTENILHOCTH MOTYT OBITh KOMIIOHEHTHI “UCTUHHBIX KOMHTETpUPYIOLIUX BEeKTOpoB. Cienyer
TOJIbKO YYHUTBIBaTh, YTO OLIEHKM KOMIIOHEHT KOMHTEIPUPYIOIUX BEKTOPOB HE SABISAIOTCA
HOPMAaJIbHO PAaCHpeeICHHBIMU ()K€ aCUMITOTHYECKH ).




[Tocne momydeHHss OLUEHOK NOAXOMSIIMX KOMHTEIPUPYIOLIMX BEKTOPOB MOXHO IPUCTYNATh K
otieHnBaHu0 K0dPduirieHToB ECM 00b1yabIMU MeTOaMU. TONBKO U 37€Ch CIEAyeT yUUThIBATD,
4YTO ACUMIITOTUYCCKU HOPMAJIbHBIMU SABJIAIOTCA JIMIIb OLICHKHU KDaTKOBDeMGHHOfI JUWHaAMUKH, T.C.
KOA(PGUIIUEHTHI IPU 3aa3/IbIBAIONINX PA3HOCTAX MEPEMEHHBIX.

B namem npumepe nosnyyaem:

D(L234) D(L23)  D(WALK2) D(WALK3) D(WALK4)

ecm1 -0.971220 -0.051197 -0.040351 0.005400 0.031996
(0.11006) (0.06585) (0.04248) (0.04468) (0.04231)
(-8.82480) (-0.77748) (-0.94983) (0.12086) (0.75621)

ecm?2 -0.033474 -1.015363 -0.001894 0.010505 -0.024292
(0.10788) (0.06455) (0.04164) (0.04380) (0.04148)
(-0.31028) (-15.7298) (-0.04549) (0.23985) (-0.58571)
CortacHo dtoi Tadune onenennas ECM nMeer Bun
A(L234);=—-0.971220 (ecml),_ 1 —0.033474 (ecm2); 1+ ey,
A(L23), =—0.051197 (ecml1),-1—1.015363 (ecm?2), 1+ ey,
A(W2);=—0.040351 (ecml),_1—0.001894 (ecm?2); | + e3;,
A(W3),= 0.005400 (ecml1),_1+ 0.010505 (ecm2),_| + es,
A(W4),= 0.031996 (ecml),_1—0.024292 (ecm?2); | + es;,

rae
(ecml),= L234; — 0.499995W; ;— 0.993065W5 ;,— 2.006077 W4,
(ecm2), = L23, —0.991867W,,—0.504230W5,— 0.003537Wy,.

B pamkax mnpoueaypsl MoxaHcena umeeTcs TakKe BO3MOXKHOCTb IPOBEPKH THUIIOTE3 O

BBIIIOJIHCHUH JOMOJHUTEIbHBIX (“ceepxudenmuuyupyrouwux”) OrpaHUYCHUN Ha
KOUHTETPUPYIOLIME BEKTOPBI, HAIIPUMED, TUIIOTE3bI
H()Z ,B 25 = 0

0 3aHyJICHUHU MTOCJIETHEN KOMIIOHEHTBI BTOPOTr0 KOMHTEIPUPYIOLIEr0 BEKTOPA, UM TUIIOTE3bI

Ho: a12= 021 = 031 = 032= 041= 042= a51= 052 = 0,

O3HAYaloIlel OTCYTCTBHE COCTaBisitolled (ecml), - | BO BCEX YpaBHEHHUSX KpOME IEPBOrO U
OTCYTCTBHUE COCTaBIISOLIEH (ecm2), | BO BCeX ypaBHEHUSAX KPOME BTOPOro (YTO M COOTBETCTBYET
UCIIOJIb30BAHHOMY IIPOLIECCY MOPOKIECHUS TaHHBIX).

Opnako mnpouexypa INPOBEPKH BBIIIOJHEHUS TaKUX OIPAaHMYEHUN Ha KOMHTETPUPYIOIIHE
BEKTOPbI, KaK U MPOLEAypa MPOBEPKU BBIMOIHEHUSI TE€X WM MHBIX JUHEHHBIX OTpaHUYEHUN Ha
3JIEMEHTBl MAaTPULbl @ KOPPEKTHPYIOMUX KOo3(pduuueHToB, He BcTpoeHa B naker EVIEWS u
TpeOyeT TpHUBJIEUEHUS [ €€ pealu3allud JAPYyTUX  CIEUUAIM3UPOBAHHBIX  IaKETOB
CTaTUCTMYECKOr0 aHainu3a JaHHbIX. (HamoMHuM, 4To pacnpeneneHusi OUeHOK K03(@uuueHToB
KOUHTETPUPYIOUIMX BEKTOPOB U JJIEMEHTOB MAaTpULBl 0  HE SIBISIIOTCS ACUMIITOTHYECKU
HOpMaJlbHbIMU.) IIpoBesieHre eTalbHOTO KOMHTErPallMOHHOTO aHallu3a HECTALlMOHAPHBIX PSAJIOB
BO3MOXXHO ¢ ucnoib3oBanueM Mmakponaketa CATS (Cointegration Analysis of Time Series),



odopmitenHoro B Buae mnpouenypsl s maketa RATS (Regression Analysis of Time Series).
Kpatkoe omucanue COOTBETCTBYIOIIMX TMPOLENYyp C MOAPOOHBIMU MpUMEpaMu aHaIHU3a
SKOHOMMYECKHUX JTAaHHBIX MOYKHO HalTH, Haripumep, B kHure [Patterson (2000)].
3aBepiuas ONMCAaHME NPOLEAYphl MOXaHCeHa, cleqyeT oOpaTuTh 0cofoe BHMMAHHE Ha
CJIeyFOIIHe 00CTOSITeITHLCTRA.
e Ilpouemypa MoxaHceHa HCXOIUT M3 MPEIIONOXKEHHS O TAYCCOBOCTH MPOLECCa Genoro
myma B VAR monenu.
e IIpouemypa Moxancena uyBcTBUTENbHA K BEIGOPY IOpsaka p mozenu VAR.
e lcnonp3yeMble KPUTHUECKUE 3HAYCHUS CTATUCTUK Amax M Agrace — ACHMITOTHYECKHE,
TaKk YTO TNPU MaJOM KOJIMYECTBE HAOIIOJEHUI K IOJIyYEHHBIM BBIBOJAM CJIETYET
OTHOCHUTBCS IOCTATOYHO OCTOPOIXKHO.

B cBs13u ¢ mocneHIM 00CTOATEIBCTBOM, MPH padOTe C yMEPEHHBIM KOJTUYECTBOM HAOIIOICHUN
PEKOMEHIyeTCS KOPPEKTHPOBATh HAOIIOJaeMbIe 3HAYCHUS CTATUCTUK Amax U Atrace , YMHOXKAS UX
Ha (T'— Np)/T (“xoppekius Ha YUCIO CTEHeHEH CBOOOBI”).

Bce »5Tm 3amedaHus O3HA4aKlT, YTO MPH KOWMHTETPAIMOHHOM aHAJM3€ pPealbHBIX
SKOHOMHUYECKUX (2 HE CMOJICIMPOBAHHBIX) NAHHBIX HHTEPIpPETAIMs MOMYyUYEHHBIX PE3YyJIhTaTOB
MOJKET OKa3aThCsl TOBOJIBHO 3aTPYTHUTEIBHOM.



3aknr4yeHue

Kak Oputo ormeueHo Bo BBenmenuu, nanHoe ydeOHOe mocoOue SBISETCS UMb KPATKUM
BBEJICHUEM B COBPEMEHHBIE METOJIbl AKOHOMETPHUECKOIO aHajiu3a CTATUCTUYECKUX JaHHBIX,
NPEJCTAaBICHHBIX B BHJIE BPEMEHHBIX PsiioB. ECTeCTBEHHO, YTO IpU 3TOM 3a paMKaMH MocoOus
0CTaJIOCh JOCTaTOYHOE KOJMYECTBO BOIPOCOB, UMEIOIINX BaXKHOE 3HAYCHHE.

Uro kacaercsi COOCTBEHHO BPEMEHHBIX PSI0OB, TO B IMOCOOMM HE ObUIM 3aTPOHYTHI MPOOJIEMBI,
CBSA3aHHBIE C IPOrHO3MPOBAHHEM M CIIEKTPAJIbHBIM aHAJIM30M BPEMEHHBIX PSIOB, MOJAEISAMU
npoOHO-uHTerpupoBaHHBIX psigoB (ARFIMA) u psagoB ¢ aBTOPErpECCHOHHON  yCIIOBHOM
rerepockenactudHocTei0 (ARCH, GARCH u T.I.), MOAensiMH C NEPEKIIOUEHUSIMHU, HIMPOKO
UCIOJIb3YEMBIMU MTPH aHATHN3€ BHICOKOYACTOTHBIX (DMHAHCOBBIX BPEMEHHBIX PSIOB.

B oTHOmIEHMM MOzeneil CBSI3M MEXAYy HECKOJIBKUMH HHTETPHPOBAHHBIMU DPSIaMU YUTATEIIO
MOJIE3HO O3HAKOMUTHCSA C MPOOJIEeMON MOCTPOEHUSI CTPYKTYPHBIX MOJENeld KOPPEKUUU OLIMOOK
(ctpykrypasix ECM) u cBsizaHHOM ¢ Heil mpoOiemMoil 0ojiee TOYHOTO OINPEICIICHHS TMOHSATHUS
9K30reHHOCTH (crabas »K30T€HHOCTh, CTpOras SK30T€HHOCTh). MOXXHO YHNOMSHYTh TaKXke
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9KOHOMHas MOJIEIb, 32
[IpuunnuoCT N0 I'penxepy, 205
[TpoBepka HOpMATBHOCTH
kputepuii Jarque — Bera, 58
IIpouiecc aBTOoperpeccun, 18, 24, 25, 28, 37,
99, 139, 144
BEKTOPHBIH, 208
B3pbIBHOM, 111
nopsiaka p, 23
[Iponecc nopoxkaeHust 1aHHbIX, 84

P

Paznuuenne TS u DS psanos, 128
TS-runoresa, 129
OnMu3KKe anbTepHaTUBbI, 143
BJIMSIHUE MPOTSKEHHOCTH psifa, 167



TUTIOTE3a EUHUYHOTO KOpHS, 129
KOJIMYECTBO €IMHUYHBIX KOpHEH, 169
KOppEKLIUs Ce30HHOCTH, 167
MHOI'OBapUaHTHas npoueaypa, 153
HyJseBas TS runotesa, 143
kputepuii KPSS, 164
npouenypa Koxpeiina, 165
COIVIACOBAHHOCTh CTaTUCTUYECKHUX
BBIBOJIOB, 168
CTPYKTYpHBIE U3MEHEHHMS Moienu, 172
aJIUTUBHBIN BeIOpOC, 174

MO/I€JIb C MHHOBALIMOHHBIM BBIOPOCOM,
175

C

Ce30oHHBIE MOJIEIH

aBToperpeccuu, 32

aJIUTUBHBIE, 34

MYJIbTUIUIMKATUBHBIE, 34

CKOJIB3SIIIIETO CpeHero, 32
Ckomnp3siiee cpeHee nopsiika g

olieHHBaHue, 26, 48

backcasting, 49
yciioBue ooparumoct, 48

Cayuaiinoe Oiry>xnanue, 111

co cHocoMm, 114
CMeniaHHbIi IPOIECC ABTOPETPECCUU —

ckounb3simiero cpeanero (ARMA), 30

CE30HHBIE MOJIENH, 32

yCIJIOBUE CTallMOHApHOCTH, 30
CrabunsHOCTH ycnoBue, 21, 67, 84, 94
CraTtucrtuka

bokca — Iupca, 42

JIronra — bokca, 42

OTHOIIEHUS aucnepcuit, 166
CraTtucTuueckas Mojenb, 84
CraTtnueckas perpeccus, 81
CranuoHapHbIe BpEMEHHBIE PSIIbI

Oenblit myMm, 16
CrpyktypHas ¢opma, 83

T

Tpenn

JNE€TEPMUHUPOBaHHBIN, 113
HMMEIOIIUH H310M, 128
KBaJpaTuuHseIii, 152, 171

neTpeHaupoBanue, 114

H3MeHeHne HakioHa, 176

M3MEHEHUE HAKJIOHA U YpOBHs, 176

HU3MEHEHue ypoBHs, 176

CEerMEHTUPOBAHHBIN, 177

croxactuueckui, 113, 220

)]

DukTHUBHAS JIMHENHAs CBA3b, 187
DyHKIUA
aBTOKOppensinuonHas, 16, 36, 38, 48, 127,
159
BbIOOpOYHast, 37
YyacTHasl aBTOKOPPEIALIMOHHAsA, 36
BbIOOpOYHas, 38, 46

9

DK30TreHHbIE TTIEpEMEHHBbIE, 77
OHJIOTeHHbIE NTIEpEMEHHBIE, 77

10

IOna — Yoxkepa ypaBHenus, 25
HCII0JIb30BaHUE
MpU BBIOOPE CTAPTOBBIX 3HAYCHUH, 48
MPU BBIYUCIICHUU YAaCTHBIX
aBTOKOppeNALuii, 26
npu uaeHTuuKanuu moaenn ARMA,
36





