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JERKIIMOHHBIE U METOQUYECKUE MATEPUAJIbBI

Abaaus BPCMCHHBIX pAAOB

Rautoposuu I'.I'.

Brumanuio unrarteseil npenjaraeTcsa Kypc JIeKIM, IPOYUTaHHBIN CTY-
JeHTaM l'ocyfapcTBeHHOTO YHMBEpPCUTeTa — DBrhIcIllell HIKOJIBI 3KOHOMMKH.
OTOT Kypc ObLI 3aImMcaH CTyLEeHTaMM C IIOMOIILI0 AMKTO(OHA M 3aTeM Pac-
11 poBaH C MCIOJBL30OBAHMEM KOHCIIEKTa. Jyia maHHOM MyOJMKaImyM TEKCT
OBLI OTPEeNaKTUPOBAH ¥ BHAUMTEJLHO PACIIMPEH, HO B HEM COXPaHEeHa HeHD-
Topas «KMUBOCTB», NPUCYIlaA Pas3ToBOPHOI pedr, U He cBOlicTBeHHaAd IJIA
IICBMEHHO, aKaJeMUYHOl MaHephbl UBJI0KeHNA. TaKkiKe coxpaHeHa pasOuB-
Ka Ha JeKIMM, YTO MOYKET JaTh OPMeHTHp uUMTaTe Io-NIperofaBaTeso. Ib-
CKOJIbKY MaTepHaJl Kypca IUIaHMpYeTcs pas3MecTUTh B deTBIPeX BBIITYyCKax
JKypHaJa, TPajuIMOHHAA HyMmepaimsa (QOpMYJ IJIS [OCIEeNYIOIIMX CCHLIOK
He UCIIOJIb3yeTCA.

B mpaxTury oTedecTBEHHBIX BBICIIMX YIeOHBIX BaBeleHMIT Kypc «AHa-
JIM3 BPEeMEHHBIX PANOB» IPU IIOATOTOBKE 3KOHOMMCTOB BOIIeJ TOJLKO B IIOC-
JefHee BpeMs, M, 3a9acTyi0, IIpefcTaBideT coboil «MexaHM4IecKoe» Iepe-
HeceHle COOTBETCTBYIOLLlEro Kypca AJIA MHMKeHEPHBIX cllelnagbHocTell He-
CMOTPA Ha OOIMPHOCTL HAYYHOIN M y4eOHOM JMTepaTyphl IO BHILIEYKA3aH-
HOl TeMaTHKe Ha MHOCTPAHHBIX A3BIKAX, Ha PYCCKOM f3bIKE OTCYTCTBYET
He TOJIBKO CBfA3HOe WU3JIOYKeHMe, HO U NPUTOJHOe OJA MCIOJb30BaHMA B
yueOHOM IIpoljecce Ha Mar¥CTEPCKOM YPOBHE OIVICAHMeE OTHAEJLHBIX (hpar-
MEHTOB IIpefJiaraeMoro Kypca, 3a MCKJIIOUeHMeM Hoaxona Bokca—lxeH-
KKHca Mo nocrpoeHuto momeselt tuna ARIMA. BeTpeudarillieca B oTede-
CTBEHHOII MepuoAuKe cTaTbM, aHAIM3UPYIOIME BPeMeHHble PANBI AJA MC-
CJIeIOBaHUA ITePeXOAHON SKoHOMMKM Poccuy, m300Miy0T GOJBIIMM 4MC-
JIOM OIIMOOK B IIPUMEHEHUN ITUX METOMO0B.

B sToT BRITycK «OKOHOMMYecKoro sKypHaJta BIIIO» Bollljla 4acTb Kyp-
ca, TIOCBAIIIGHHAA CTAlMOHAPHLIM BPEMEHHBIM psnaM, HamboJiee IIOJHO IIpef-
cTaBJIeHHas B JUTepaType Ha PYCcCKOM fA3bIKe. B IocjeqyHOImX BBIIYCKaxX
paccMaTpuBaioTes noaxon Bokca-[lvKeHKIHca, HecTallMoOHAaPHEBIE BpeMeHHbIe
paner Tuna TS u DS, TecTupoBaHMe HAJIUYMA €OMHUYHOTO KOPHA, KOMHTET-
paimsa BPeMEHHBIX PANOB, MOAENIb KOPPEKIMM OTKJOHEHMAMM IJIA CTallMo-
HapHBIX M HecTallMOHAPHLIX PerpeccopoB, MOZeNM BEKTOPHOI aBToperpeccun
U UX CBA3L C KOMHTerpaleli, MoJeJi1 ¢ yCJIOBHOI reTepocKeNacTUYHOCTLIO.

AHayms B3aMMOCBA3€l 3KOHOMMYECKNX HAHHBIX, IIpeficTaBJeHHLIX B BIJle BpeMeH-
HBIX PAIOB, ABJAETCA HeoOXOMMOI COCTAaBHOM YacThIO COBPEMEHHLIX JCCJIEIOBAHWUI B
00JacTM MaKpPO3KOHOMMYECKO) AMHAMMKN, II€PEXONHOM HKOHOMMKM, SKOHOMETPMEM (hu-
HAHCOBBIX PBIHKOB. B ronIe 1980-x—nmauane 1990-x rr. ObLI0 0OCOBHAHO, YTO TOJBKO YUeT
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TUYECKOV SKOHOMUKM M BKOHOMETPUKM.
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BPEMEHHO} CTPYKTYPBI IJaHHBIX O peaJbHBIX SKOHOMMYECKMX IIpolieccaxX II03BOJIAET
aZleKBaTHO OTPa3WUTL MX B MaTeMaTUUEeCKUX M SKOHOMeTpuuecKMx Mozenax. OcosHaHue
aToro pakTa NPYBENO KaK K PEBU3UM MHOTMX MaKPO3IKOHOMMUECKUX TeOPMH M ITOCTpPGe-
HUif, Tak M K OypHOMY pasBUTHIO CIIeIM(pMUeCKMX MeTO[OB aHaJM3a TaKMX JaHHBIX.
3HaHMe 3TUX MEeTOH0B M CIIocO00B NIPUMEHEHUA MX K aHAJIMBY KOHKPETHBIX 3KOHOMMIUe-
CKMX IIPOIIECCOB, ABJIAETCH B HACTOMAIIlee BpeMa HeoOXOAVMO COCTaBJIAOINIE! ITOATOTMB-
KM SKOHOMMCTOB-JCCJIeioBaTeNell (aHAMTUKOB) Ha MarmucTepCKOM yPOBHE.

Paspaborannbie nma 1eseli 3KOHOMMYECKMX MCCJENOBaHWI MeTOABI aHaJM3a He-
CTAIVIOHAPHBIX CJIYYalfHBIX IIPOIIECCOB CYITIECTBEHHO OTJIMYAIOTCA OT HAllleAIMX IIIMPO-
Koe IIPVIMEHEHMEe B TEXHMKE J TeOPUM YIIPaBJEHNS IIPMEMOB PaOOTHI CO CTAIMOHAPHBIMM
CJIyYalHBIMM IIpoIleccaMy. B CIIy CJIOMKHOCTM MCCIENYeMBIX SBJICHMI 3T MeTOAbI
NIPeAbABJIAIOT IIOBLIIIIEHHLIE TPeOOBAHMA K MaTEMAaTUIECKOH, 3KOHOMETPUYIECKO! II0[I0-
TOBKE CTYZEHTOB ¥ K MX 3HAHMAM COBPEMEHHBIX IT0JIXO0/I0B SKOHOMMYECKON TEOPUM.

Ilocnenuee obcroATENLCTBO IpeEACTaBIAETCA YPEe3BLIUaiHO BasKHBIM. B TexHMtEC-
KMX IIPUJIOYKEHMAX aHaJU3 BPEMEHHBIX PHAIOB MCIOJNL3YEeTCH IIPEMMYIIIECTBEHHO MAJA
IIPOTHOBMPOBAHNA ¥ COIIPOBOKIAETCA BHAUMTEJLHON flosiell Tak HasbBaeMmoro «data mi-
ning». B coBpemMeHHOII 3KOHOMMKE 3HAYNUTEJLHO OOJBIIIEe MECTO 3aHMMAaeT OLeHMBAHME
IMHaMMYECKMX MoJleslelf, OTPasKalolMX KPaTKOCPOUYHBIE ¥ JOJITOCPOYHBIE CBASU MENKIY
SKOHOMMYECKVIMI IlePeMEHHBIMIL

Jdermusa 1

Yixe B HauaJILHOM KypCe 3KOHOMETPMKM IIPM MBYUEeHWM aBTOKOPPENIAIMM pac-
CMaTPUBAIOTCA COOTHOLIEHNA BUJA X, = OX, ; +&,. S3HAUEeHNS HEKOTOPO 3KOHOMMYeCKoM

IIepeMeHHO} 3aBMCAT OT ee jKe 3Ha4dYeHMH B IIPeILIAYINMI MOMEHT BpeMeHM, OT ee 3Ha-
YeHMI ¢ JJarOM — CZIBMIOM II0 BPEeMeHM Ha OIMH IIar Hasajl. BKRJIIodueHMe IIepeMeHHBIX C
JIaTOM B HKOHOMETPMYECKMe COOTHOIIIEHNA O3HadaeT CYIeCTBEHHOe M3MEHeHNe B «(pu-
Jocopum» MogesmpoBaHusa. Eciay B OOBIYHBIX 3KOHOMETPUYECKNUX MOJENAX 3HAYEeHUA
OJIHOJ IlepeMeHHOI 3aBMCAT OT OJHOBPEMEHHBIX BHAYEHMII APYTUX IePEeMEHHBIX, TO
€CThb OT TEKYIIer0 COCTOAHMSA HKOHOMMYECKON CHMCTEMBI, TO HaJM4Me IIePEMEHHBIX C
JIaTOM O3Had4aeT, YTO IIOBeJleHMe CUCTEMBI OIIpefeJieTcs He TOJBKO ee TEKYIIMM Co-
CTOAHMEM, HO M TPaeKTOpHel, II0 KOTOPOIi cucTeMa NIpHUILIA B 3TO cocToaHue. C maTte-
MaTMUYeCKOl TOUKM 3PEeHNA SKOHOMETPMUECKAd MOZeJb TaKOro THUIA IIPefCTaBJIsgeT co0oi
He (DYHKIMIO OOBACHAIOIIMX II€PEMEHHBIX, & (PYHKIMOHAJN OT TPaeKTopuy (TpaeKTo-
puii) SKOHOMMYECKMX IlepeMeHHBIX. IloaToMy 3JyieMeHTaMM TaKMX Mojeseli ABJIAIOTCA

TPaeKTOpuN: MHOMKEeCTBa NaHHbIX {X,,/€T}, rme T — HeKOTopoe CYETHOE MJIM KOHTUHY-

aJIbHO€ MHOYKEeCTBO. MOI[eJII/IpOBaHI/Ie 3aBUCUMOCTEN BMga y, = f(xl,gl), rae x 1y eCcTo

JlaHHBIE TUIILI TPAEKTOPMI, IIPUBOIUT K CUTYaIlMM, KOTIa OOBIYHBIE IIPMEMBI Perpeccud-
HOrO aHaJM3a He JaloT IIPMEMJIEMBIX OLEeHOK MapaMeTpoB. Kypc «AHaims BpeMeHHBIX
PANOB» IIOCBSALIEH M3YUYEHNIO MeTOZ0B IIOCTPOEHNA M aHaaM3a TaKUX 3aBMCUMDCTEIL.

Mceropusa ucronb3oBaHMA AMHAMUYECKUX SKOHOMETPUYECKUX MofeJell HadaJach,
noskagyii, ¢ Jlyu Baweave, koToprii B 1900 r. B cBoelt amccepranmu [1] onmcas auHa-
MUKY TIOBeJIeHNA (PPaHITY3CKMX TOCYHAapPCTBEHHBIX O0JMTalInii, CX0MYy0 ¢ OPOYHOBCKUM
JIBUKEHNEM, MBBECTHEIM U3 (PUBUKMN.

B 1984 r. Henscounom u Kanrom [5] ObL10 IOKasaHo, YTO HEKOTOPBIE TUIIBI TPaeK-
TOpMii (B YAaCTHOCTY CBABAHHBIE CO CIYYaMHBIM OJy:KIaHMEM) IIPUBOILAT K TOMY, UTO
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perpeccuy, moJydaeMble OOBIMHBIM METO/IOM HAVMEHBLIIINX KBaJPaTOB, ABJIAIOTCH KAHCY-
wumucsa (spurious). B 1987 r. Hesnbcon n Ilnoccep [6] moxasasnm, 4To IIOYTH BCE MCTO-
pudecKne MakpoakoHoMmudeckue paabsl CIITA oTHocATcA MMeHHO K aToMy Tumy. Hpy-
TYIMM CJIOBaMM, KO3(P(UIMEHTEI perpeccuy ABIAITCA 3HAYMMBIMY, CTaHZaPTHBIE TECThI
perpeccoHHOT0 aHaJMs3a He AMArHOCTUPYIOT HapyIIeHUI NpPeAIIOCBLIOK KJaccHdiecKol
MoJZeaM, HO, TeM He MeHee, HUKAKOI 3aBMUCHMOCTU MeKAy SKOHOMMUYECKMMIM IIOKasaTe-
asavyu HeT. Ilosske MBI 00CyZMM, KaK OHM 3TO IIOKaB3aJM M 4YTO CJIeLyeT M3 UX pe3yJbT-
ToB. JlanbHelllme 1cciiefOBaHUSA YCTAHOBMIIM, UTO MCTOPUUYECKMe PAABI MaKpPO3KOHOMI-
decknx gaHHBIX CIIIA oTHOCATCA MMEHHO K TOMY KJaccy TPaeKTOpPMIL, KOTOPBIA MOpoK-
JlaeT KasKylmecsa perpeccuu. AT (PakTbl 3aCTaBUJIM II€PECMOTPEThL BCe 0 TeX Iop ID-
JIydeHHEIe SKOHOMETPUHUECKMe Pe3yIbTAThl B 00JIACTY aHAJMBa AVHAMMYECKIX MOEJIEN.

Cayygaiigbie mponecchbl U BpeMEHHbIE PAIbI

B Kypce SKOHOMETPMEKNM pPAL comepiKaTeJIbHBIX 3adad IIPMBOIUT K YyPaBHEHMAM,
KOTOpEIE €CTECTBEHHO Ha3BaTh a6MmopecpecCuOHHbIMU (autoregressive). B YacCTHOCTH, 11PN

yCTpaHeHMM aBTOKOPpeJAImM OblIo HojlydeHo ypaBHermne Y, =a+f-Y, ;+y-X, +¢,. B

HeM B KadecTBe O0BACHAIOIIEN IIepeMeHHON IIoABMJIAChH LIepeMeHHasd ) ¢ 3alasiblBa-
HUEM, T.e. perpeccus MepeMeHHOI Ha caMy ce0A — MMEHHO [I03TOMY TaKoe ypaBHEHME
¥ Ha3BaJNM aBTOPETPEeCCHOHHBIM.

Kpome Toro, B Kypce DKOHOMETPUKM paccMaTPUBAJINUCE Mmodeiu ¢ pacnpedeser-
nowmu aazamu (distributed lag models), B KoToprIx o0BACHAWOINIAA TepeMenHada X Tak-

JKe TIPUCYTCTBYeT ¢ 3amasibiBaHueM: Y, =a+pf-Y,  +y,- X, +y,- X, +..+¢,. B marte-
te{l,T],z<[0,f]) . Basxno, uro

Tenepb B MOJEJNb BXOAUT He TOJBKO II0 OOHOMY HaOJIOJaeMOMY BHAUEHMIO IIepeMeH-
HBIX X M ¥, a COBOKYIIHOCTb HabOJIIOeHHBIX 3Ha4YeHMI (Tpaexropus). Ilpuyem mo camo-
MY CMBICJIY MBI He MOYKEM CUMTATh, 4YTO IIOCJefoBaTeJbHbEIE 3HAUEHNA KasKOoN U3 IIe-
PEeMEHHLIX HEeBaBMCHUMBI MeXKAy co0oif B CTaTMCTMUECKOM cMblcie. JIMeHHO xapaxTep
MX BaBMCYMOCTM 3aCTaBJIeT HAC pacCcMaTPMBATL TaKyH Mojesb. HekoTopble dacTHBIE
cJyday TaKOro pojia MofeJell yiKe paccMaTpMBaJMCh B Kypce SKOHOMETPMEKM, a Te-
Ilephb Hallla 3ajada — M3YUIMTL 0o0LIyo 0asy mx mocTpoeHus. HauneMm ¢ ompepmeseHMs
OCHOBHBIX ITOHATUIH.

Me1 Gynem HasbIBATH @pemenHbim Pidom (t¥me series) COBOKYITHOCTL HabJonme-
HUII SKOHOMMYECKO} BeJWUMHBI B pasJMdHbBle MOMEHTHI BpeMenu. Ilpm sTom Habmonme-
HMe MOKeT XapaKTepMB30BaTh 3KOHOMUYECKYIO BeJIMUNHY B JAHHBIM MOMEHT BPEMEHMN,
TO ecThb OBITH THIIa 3anaca (HaIpuMep IeHa, CTaBKa IIPOIIEHTA), MM — XapaKTepuso-
BaTh IIPOMEKYTOK BpPEMEHM, TO ecThb OBITH Tuma rnoroka (Hampumep BBII, npopyxima
IIPOMBIIIIEHHOCTH, IIOCTYILJIEHMA HaJoroB). Kax oOBIYHO B SKOHOMETPMKE, MBI OyIeM
paccMaTpMBATL BPEMEHHOM PsAf KaK BBEIOOPKY M3 IIOCJIEIOBATENBHOCTY CJIYYalHBIX Be-

JauumMH X, , TOe t IpUHMMAaeT lleJIoUMCJIeHHble 3HaYeHuA oT 1 go 7. VHorpa mel Gymem

MaTUYECKMX TePMMHaX MOYKHO 3aIncaTh: Y, = I & .. X, .5

t?
paccMaTpuBaTh IpoMeskyToK BpeMeHM oT 0 no 7. COBOKYIIHOCTEL CJIYyYalHBIX BeJMYUUH
{X, te[L,T]} mpl OyneM HasLIBATL OQUCKPEMHbLIM CAYUAUHBLY UAU CTNOTACTNUUECKUM
npoyeccom. IlockosbKy B HallleM Kypce Bce cIydaiiHble IIpoliecchl OYAYT AMCKPETHBI-
MM, B JaJILHEMINEM 3TO CJIOBO OyZeM OIIyCKaTh.

VlHoTIa TOBOPAT, YTO CTOXACTUYUECKNUII IIpoLlece «JIA KadKAO0TO cIydas» SABJIAETCA
HEKOTOpoii (PYHKIME! BpeMeHM, UTO II03BOJIAET PAcCMaTPUMBATE IIPOIleCC KaK ciydali-
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HyIO (pyHKIMIO BpeMeHn X(¢). Ilpm KaskaoM (PUKCHMPOBAHHOM ! BHaUeHMe CTOXacTyde-
CKOTO IIpollecca paccMaTpuBaeTcs IIPOCTO KaK ciydaliHasd BeJMYMHA. OTU JBa SKBUBAa-
JICHTHBIX II0JX0Jia IIO3BOJIAIOT PacCMaTpUBaThL CTOXACTUMUECKMI IIpolriece Kak (PYHKINIO
JIIByX PasHOPOIHLIX BEJIMYMH, CIydad ¥ MoMeHTa BpemeHu: X (@.f).Ilpu dpurcuposan-

HOM cJIydae y Hac ecTb HEeKOTOpaf IT0CJ]eZ0BaTEeJbHOCTE 3HAUEHMH I1epBOI CIIydaliHoii
BeJIMYMHEBI, BTOPOI, TpeThbell M Tak JaJjiee, KOTOPYIO MBI OyZeM HasblBaTh pPeaiusayuen
cayuaunoz0 npoyecca. I'oBopAT, uTo HaOJIOJaeMbIll BPpeMEHHOI pPAA ABJIAETCA peaJyi-
3aIpell CTOXacTHMYIeCKOTo IIpollecca, MJM BPEMEHHON PAL IOPOKAAETCH CTOXACTUIed M

npoueccoM. JacTo MMeeT CMBICJ TPaKTOBaTh IociedoBaTelbHOCTE {X,.f€[lLT]} Kak

IoJIIIoCIe [OBATEIEHOCTE OecKoHeYHOl mocnenoBaTenbHocTn {X,,f=0,2142,.} u umen-

HO 9Ty IIOCJIeNOBaTEJEHOCTE HAa3BaTh CTOXaCTUYECKMM IIPOLIECCOM, ITOPOMOAIOIINMM Ha-
6JIIOIL€HHI:I€ AJaHHBIE. Kaxk IIpaBUJIO, B ILaJH:HeﬁLHeM, €CJIM He€ OrOBOpPEHOo O6paTHOe, B
Kypce 1o, CTOXacCTUMYeCKMM IIPOLleCCOM IIOHMMAaeTC A OecroHeuHasi IIoCJIie10BaTeJIbLHOCTE

{X,,r=0%£1%2,..}. Ecin f mpoberaeT HellpepPEIBHLI OTPE30K BPeMeHM, a MHOTA aHaJIN-

TUYeCKN yAoOHee paboTaThb ¢ HelIPepPBIBHLIM BpeMeHeM, TO X (@,f) Ha3BIBAIOT CAYUAU-

HBLM NPOYECCOM C HENnPePbIeHbLM 8pesmerem. IIpuHATO 0003HAYATE BHAYUEHMUA peasmsa-
LMK M CTOXaCTHHECKMIt IIpollece oJHMMM U TeMu OyKBamm, Hampumep X, . OOBIMHO 5TC He

IpPUBOIUT K HefopasyMeHMUAM. B 3KoHOMMKe MBI 4allle Bcero BeTpedaeMcs, KOHEYHO, C
JUCKpPeTHBIM BpeMeHeM. IIpuMepsl BpeMeHHBIX panos: BBII ¢ 1921 mo 1991 rr. B HeKo-
TOPOI cTpaHe, ITIOMEeCAYHLIE BHAUEHNA MHQIIAINY, IIOKBAPTAILHLI 00bEeM ITPOU3BOACT-
Ba, (POHIOBEBIN MHAEKC MJIM KyPC HEKOTOPOI aKIu.

TlockoneKy cory4aliHBIl AMCKPETHBII Iponece X (@,t) npexncTaBiseT coboil coBoO-

KYITHOCTL CJIy4alfHbIX BeJMYMH, TO ero HamboJjee IIOJHOM CTATUCTMYECKON XapaKTepyc-
TUKO} ABJIAETCA COBMECTHAas (PYHKIMA paclpefieleHNsa WM (PYHKIMA IIJIOTHOCTY pac-
npeneseHns (ecay IJIOTHOCTH cyiectByeT). Korma y Hac ObLIO 2 corydaliHBIX BeJIMHM-
HBI, MBI TOBOPMJINM, YTO TaKOM XapaKTepPUCTUKON ABJIAeTCA OBYMepHad (PyHKyua pacnpe-
deserus (uau naomruocmu pacnpedesenust). IIpy paccMoTperEny BPEeMEHHOTO PAa HHMCIO
CJydalHBIX BEJIMUMH BEJIMKO M MOXKeT OBITh OecKoHewHBIM. IloaTOMy, CTpOro roBopsd,
4TOOBI 3a/aTh BCE BEPOATHOCTHLIE CBOJMCTBA 3TOM KOHCTPYKIIMM, HAM HY'KHA4 COBOKYII-
HOCTL (PYHKIMI paclpefesieHNs, a MMEHHO OfHOMepHad (PYHKIMA paclpeleseHud,

IByMepHaA (PYyHKIMA paclpefiefleHMsa M Tak gajuee: fi(x,); f,(x,.x, ) f5(x, . x, ,x, );...
1 1 2 1 2 3
Mupexcs! y BemuumHE X, M X, O3HAYAIOT, YTO OJHa cJydaliHas BeJIM4YMHA paccMaTpH-
1 2

BaeTcd B MOMEHT tl’ BTOpasg — B MOMEHT t2 n Tark paJee, M 'y HUX €CThb COBMeCTHadA

dpyHKIMA pacnpenenenud. Eciy MBI BosBMeM ApyTie MOMEHTEI BpeMeHM, To, Boolllle ro-
BOpHA, (PYHKIMA pacupeneseHns OymeT npyras. Takad COBOKYIIHOCTH (DYHKIMII pacripe-
JleJIeHUA TIOJIHOCTLI0 XapaKTepusyeT CIyHYalHBIM IIpollecc. OTa COBOKYIIHOCTH (DYHKIN
COrJIACOBaHA MeEsKIy coDOM B CJIeAYIOIEM cMBICTe. Ramyio (PyHKIMIO paclpenieseHuA
PasMepHOCTM /1 MOSKHO IIOJIYIUTE M3 (PYHKLUMM paclpenesieHus pasmepHocty n+1l. lna
3TOT0 HAZ0 IIPOVMHTErPHPOBATL (PYHKIMIO OOJBINIEN pasMepHOCTM II0 BCeM 3HAYEHMAM
OIHON U3 IlepeMeHHO.

Crout sagymaTbed, KaK MBI JaJbllle OyZeM MCIIOJNL30BATL 3TY MaTeMaTHYEeCKYIO
koHCTPYKLIMIO? C TOYKM 3peHUA MOCTPOEeHUA MofeJeli Hallla 3KOHOMeTpUdIecKasa CUTY-
aluA ocTajlack HEM3MeHHONM. A MMeHHO, KaK I[IpaBMJIO, MMeeTcs OOHA eOUHCTBeHHaA
peasmzalsa BPEeMEHHOTO PsAfa, M FACHO, YTO TOBOPUTHL 00 OLIEHMBAHMUM COBOKYITHOCTW
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Bcex (PYHKLIMI paclpeneseHnsa BooOllle HMKOrZa He NpuxomuTcd. VI, Bo-BTOPBIX, IIOKa
Ha MHTYUTMBHOM YPOBHE, €cCJIM IIpollecc BejeT ceda TaK, YTO ero OCHOBHBLIE CTATMCTU-
YecKMe XapaKTePMUCTUKM CO BpeMeHeM MEHANTCH, TO MBI II0 KOPOTKOMY KYCOUKY Ha-
X HaOJIIOeHN)T BoOOIIle HMYErOo He CMOYKEM CKasaThb o HeM. Jlim HaMm 4To-To elle
HYKHO 3HATh JIOIOJIHUTEJIBHO, cBepx Habuomenuit. ITosTomy, 4TOOBI HECKOJIBKO CHATH
OCTPOTY 3TOM MIpobseMbl, Mbl OyZleM TOBOPUTEL O OoJiee YBKOM KJacce CJIYYalHBIX IIPO-
11eCCOB, KOTOPEIE MBI HAB0BEM CTNMAUYUOHAPHBIMU CAYUAUHBLIU NPOYUECCAMU.

OOBEKTOM HAIIlETO PacCMOTPeHNsA OYAyT He TOJBKO CTAIMOHAPHEIE IIPOIIECCHI, XO-
THA 9TO OJVH M3 CaMBIX BasKHBIX KJaccoB. Ilof CTAIMOHAPHOCTLIO MBI OyZieM IIOHMMATh,
YTO y CJIydHallHOTO IIpollecca HEKOTOPBLIE CBOMCTBA He MEHHAIOTCH C TeYeHMEM BpPEeMEHM.
B coorBeTcTBUYM € 3TMM MBI OyZeM paccMaTpPMBATEL 2 THIA CTAlMOHAPHOCTH.

Crporas cTauMoOHApPHOCTDH, UJIM CTAIVIOHAPHOCTEL B Y3KOM CMEICIIE.

Me1 OyzeMm HasBIBATH CJIYUAMHBIN IIPOILIECC CMPO2O CMAYUOHAPHBLM, €CIV CIBUT
BO BpeMeH!U He MeHAeT HM OJHY M3 (PYHKIMI IJIOTHOCTM paclipefiesieHNd. OTO 3HAYUUT,
YTO ecJIM KO BCeM MOMEHTaM BpeMeHM IIPMUOaBUTE HEKOTOPYIO (I11eJOUMCJIEHHYIO) BeJy-

YMHY, TO caMa (PYHKIMSA IJIOTHOCTYM He M3MeHuTced, f, (xﬁ""x’n) :fn(le+A""xln+A) O

BCeX 71, MOMEHTOB BpPEeMEeHU t ,...nt/I ITeJIOYMCJIEHHBIX A.

MosxHO chopMyIMpoBaTh ITO ONpefiesieHNe He TOJBKO B TEPMMHAX IIJIOTHOCTH
paciipefiesieHNs, HO U B TepMMHAX (PYHKIMI pacupeneseHusd, ecJy ILJIOTHOCTU paclpe-
JeJIeHUs He CyILlecTBYIOT. VIHOTZa 3TOT THUII CTAllMOHAPHOCTU Ha3bIBAIOT CUJILHBIM.

CrencrBuA.

TlockonbKy mpy KaskaoM (PUKCUPOBAHHOM ! CJIyYalHBIA IIpoIjece eCcTh caydaliHaa
BeJIMUMHA, TO AJIA KasKI0il M3 HUX MOIKHO paccMaTpMUBATEL Te XapaKTepPUCTUKM, ¢ KO-
TOPBIMM MBI paboTayu ropasno yallle, 4eM ¢ (PYHKUMAMM pacnpeneseHMd, & MMeHHO
MaTeMaTHU49ecKoe OXKMOaHWe, OUCIIEPCHUIO M TaK najsiee. Pasymeercsa, oHM He 00A3aHBI
CYILIECTBOBATE, [I03TOMY B JaJbHENIeM IIpeAroJiaraeM CXOAMMOCTL COOTBETCTBYIOLIMX
MHTETpaJioB, He OToBapuBad 3TO BCAKMI pas oTAesLHO.

Ilo onpegmesiennio MaTeMaTHUecKoe OMKMUIaHUe HEINIPepPBIBHOM cCJIydaliHONM BeJsy-

+00
uuHbl X, paBHO I{X, }= J.Z-fl(z)dz = {, ecJIM BTOT MHTerpaJ cxomuTesa. Eciu mpoliecc
—0
CTAITMOHAPHBIN, TO KaKoi ObI MOMEHT BpeMeHM t Mbl He B3fAJHM, IOALIHTETrPAaJbHOE BhI-
paskeHMe He MeHseTCs, [I0ATOMY MaTeMaTHiecKoe OKMIaHUe He 3aBUCUT OT BpeMeHM.
1-oe craemeTBHME: ecyM IpoIlece CTPOTO CTAIMOHAPHBIN, TO €ro MaTeMaTUYecKoe
OYKMIaHMe He 3aBUCKUT OT BpeMeHu. OOpaTuTe BHMMAHME, YTO €CJM CBOMCTBa CTAIMO-
HapHOCTY HET, TO B PasJMYHbIe MOMEHTHI BpeMeHN MOKeT OBITH pasHOe II0 BeJIMYMHe
MaTeMaTH4uecKoe OKUIaHKe.
ABaJIoTMYHBIE pe3yJbTaT clipaBedJIMB AJsA AUCIIepCcuy cTallMOHapPHOTO IIpollecca’

Var(X,)=V(X,)=0".

2-o0e cJeficTBUE: AMCIIEePCUA CTPOTO CTAallMOHAPHOrO IIpoliecca B KaDKILI:H?,I MOMEHT
BpeMEHM OOMHAaKOBAa.

HOCKOJH:Ky SHa4YeHMA BPEMEHHOIO pfAfa B pasJiMYHbIe 3HAYEHUA BPEMEHM fABJIA-
IOTCA 3aBUCHMMBIMM  MEKIOY 0060171, TO ¥uMeeT CMBICJ pPacCMOTpPeTh BeJMYMHY

Cov(X, X, ). Cov(X, X, ):J.J.(xl W) (x, —p)- f5(x, ,x, )-dx, -dx, . B aToM MHTerpaJse
1 2 1 2 1 2 1 2 1 2

MBI MOKEM cheJaThb 3aMeHny II€peMEeHHBIX M YBUIUM, YTO, 6J1ar0,uapﬂ CBOﬁCTBy cTra-
IMOHaAPHOCTHY, MHTErpaJl He M3MEHNTCA IIPU COABUre BPEMEHM Ha 7 BIlepen MJM Ha 7 Ha-
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saz. CieioBaTe JILHO, KOBapMallMa MOKET paccMaTpPUBaThCA Kak (PYHKIMA He ABYX Ile-
PeMeHHBIX: t; U ty, & — €eIWHCTBEHHOI IlepeMeHHON: pasHocTu (ti-t;). COBOKYIIHOCTE
3Ha4YeHMII KoBapualMii [IpM BCeBO3MOSMKHBIX 3HAUEHUAX PACCTOAHMUS MeKIy MOMEHTaMU
BpeMeHM Has3bIBaeTCA a8MOK08aPUAYUOHHOU PyHKYUuel CIYIaHOTO Ipoliecca.

3-e cJeicTBME: aBTOKOBapPMAIMOHHAA (DYHKIMA CTAIlMOHAPHOTO BPEMEHHOTO PfA-
Jla 3aBMCUT TOJIBKO OT PasHOCTM MOMEHTOB BpeMeHM (ti-ts).

Wcnonesya n[nsa aBTOKOBApMAIMOHHON ((PYHKIMM o0O3HadYeHMe ¥, IIOJYUUM

y(0)y=Cov(X, . X,)= o? . MeI MosKeM paccMaTpuBaThL (PYHKIWMIO ¥(7) KaK BCEBO3MOKHEIE
1 1

SHaA4YeHMNA aBTOKOBapI/IaLU/HZ, raet Hp06eraeT IIeJIOYMCJIEHHEIE 3HAYEHMUA OT -00 JO 0. ITo-
CKOJIBKY O4Y€BMOHO, 4YTO 3Ta (byHKLU/Iﬂ YyeTHadA, JOCTaTOYHO paccMaTpuBaTh TOJBKO He-

oTpullaTesNbHbIe 3HaUeHNA 7. MOMKHO CTaHIAapPTHBIM 00pasoM paccuMTaTh Ko3dpuieHT

KOppeIAlMy MeXIy pasfelleHHLIMM Ha 7 3HAYEeHMAMY BPEMEHHOrO pana p(r):%.
(KoadpduimenT Koppenarmy — 3TO KoBapuallid, pasiesieHHAsd HAa KOPeHb U3 IIPou3Be-
JIeHNsA ABYX JMCIIePCHUii, HO IIOCKOJIbKY AMCIIEPCHUSA IIOCTOSAHHA, TO MBI IIOJIy4aeM IIPOCTO
o2 mwmn %0).) OTo BEIpaXKeHMe OIPEJENAET A8MOKOPPEAAYUOHHYIO PYHKUUIO BPEMEH-
Horo psana. OHa IIOKasbIBaeT, HACKOJBKO CTATUCTUYECKY 3aBMUCHUMBI 3HAYEHUA BpPeMeH-
HOTO psfa IPY Pa3JIMIHBIX COBUTaX BpPeMeHM, TO eCTh C PasHuIlell B rof (IJIA rofOBBIX
JIaHHBIX) MJIM B 1BA TOZia M TaK JaJiee.

Wrak, pesynbTaThl, KOTOPBIE MBI IIOJYUNIIM, 3aKJII0YAIOTCA B CJIELYIOIIEM.

Ecnm crygaiineni mpoliecce cTallMoHapeH B Y3KOM CMBICJIE, TO Y HETO!

e MaTeMaTUYeCKOe OKUIaHMe He 3aBMCUT 0T BPEeMeHM;

e JMcCIIepPCHA He 3aBUCUT OT BPEMEHY;

e aBTOKOBapMallMOHHAA M aBTOKOPPEJALMOHHBIE (DYHKIMM: &) 3aBUCAT TOJBKO
OT CBUTA, OT Pa3HOCTM MOMEHTOB BpeMeHM; ) ABJIAIOTCA YeTHBIMM (PYHKIIAMIL

Wcnonesyem 3Ty cBoiicTBa AJIA BTOPOTO OIIpefesIeHNA CTaIlMOHa PHOCTH.

Ciabast craMOHApPHOCTD, MJIM CTAIVIOHAPHOCTE B IIIMPOKOM CMBICJE.

Ecam coyuaiineni npoliecc TaKoB, UTO Yy HETO MaTeMaTUYeCKOe OMKUIaHNe U ANC-
Iepcus CYLIEeCTBYIOT M He BaBUCAT OT BPEMEHM, a aBTOKOPPEJIALMOHHAA (aBTOKOBa-
pUanMoHHa") (PYHKIMA 3aBUCUT TOJLKO OT PasHOCTM BHadeHMi (t1-ty), TO Takroi Ipo-
IlecC MBI Ha30BEM CMAYUOHAPHBLM 68 UWUPOKOM CMbICAE, WU CAAGO CMAYUOHAPHBLM.
CymiecTByeT ellle oflHO Has3BaHMe IIpollecca C TaKMMM CBOMCTBAMM — CTAllMOHAPHBIN B
KOBapHalmax CJIydalHbli [Ipollecc. BCAKMIT CTPOTo CTaIMOHAPHBIN IIpoliece ABJIAETCH
cyabo cTalMoOHAPHBIM, 00paTHOe, BOOOIIle TOBOPsA, He BEPHO, HAIIpUMep TPETMii IeHT-
paJLHBI MOMEHT MOMKET 3aBMCeTh OT BpeMeHM. He 3psa 9Ty TepMMHBI ITOAO0OPaHbI TaK,
a He HaobopoT. [Iy1g oYeHEL BasKHOTO KJacca HOPMAJBHBIX IIPOIIECCOB ZIBa 3TU OIIpefe-
JICHUS CTAl[MOHAPHOCTM 3KBMBaJIeHTHBL. MBI Haz30BeM CIIy4aiiHBIM IIpollecc HOPMAaJlb-
HBIM MJIM T&yCCOBBIM, €CJIM BCe €ro MHOTOMEpPHBbIe (PYHKIMM paclpefieleHNA HOPMaJib-
HBIL IJoCKOJNBKY MHOTOMepHBIE (DYHKIIMM paclipefieleHNsa HOPMAaJBHOIO BEKTOpa JIHOO0To
NIOPAIKA IIOJHOCTBIO OIIPENIeNIAIOTCA BEKTOPOM MaTeMaTMYeCKMX OMKMAAHMII M KoBa-
pMAaLMOHHOIM MaTpHllel, TO AJIA rayccoBa CJIydaliHOro Ipoliecca u3 cyaboll craloHap-
HOCTH CJIeiyeT CUJIbHAA CTAlMOHAPHOCTE.

W nocnennee ceolicmso aBTOKOPPETIAIMOHHON MU G8MOKOSAPUAYUOHHOU PYHK-
Yuu. SHAUEHNA aBTOKOPPEIALMOHHON (PYHKIMM He MOTYT OBITH IIPOMBBOJLHBIMK. Ecsm

N N
MBI PacCMOTPUM KBaIPaTUUHYIO (OpMYy BUAA! ZZl.y(i— j)z]. HIH ZZI. pl— j)z]. , TO
i,j=1 i.j=1
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oHa OyZieT HeOTPUIATENBHO OIpefesIeHHON AJA Jo0oro HaTypaJsasHoro umciaa N. JJoka-
3aTeJILCTBO HEIIOCPENCTBEHHO cJjefnyeT M3 Toro pakra, 4UTO KBajApaTHdHad ¢dopma

N
A o () ZZl.y(i -J)z ; PaBHa ImMcriepcHMM JIMHENHON
i,j=1

N
KOMOMHAIN ZziX ;. Rorma me1 Gyzem crpo-
] i=1

1 UTH OLIEHKM aBTOKOPPEJALMOHHON (DYHKIMM,
TO HaM Hajo OyZeT IIOCTPOUTL MX TaK, YTOOBI
3TO CBOMCTBO BBIIOJHAJNOCE. I'padmr QyHK-
uy  p(7) HOCUT HasBaHUE KOPPEAOZPAMMbBL.

p  Koaddpuument koppensiym mo Mogyso MeHb-

1Ile eVHUIILI, [103TOMY ‘ p(z’)‘ <1. Vuorpma aToT

rpaduK IIPeACTABJAIOT B BUIe, KaK ecyay Obl
dyarIma p(r) Oblia onpepeJieHa IJIA BCeX, a

Pue. 1.

He TOJIBKO I1eJIOUMCJIEHHBIX 7 (cM. puc. 1).

Ilocsie Toro, Kak MBI ITOBHAKOMMJIMCEH C OCHOBHBIMM IIOHATHAMM M XapaKTePUCTH-
KaMM CJIy4allHBIX IIPOIIeCCOB, IIPUBEZEM HECKOJBKO IIPOCTEHINNX [IPYMePOB, ¢ KOTOPHI-
MM 4HacTo 0yneM MMeTh AeJo.

1. ITpoyecc &, ydosaemeoparowul ycaosusim meopemsv: Laycca-Maprosa ITo 03-
HagaeT, 4To [i(g,)=0; Var(g,)= o’ Cov(gl.,g].) =0mnpui# j. JTOT Ipollecc 3aBelOMO

cyabo cTalMoHapeH MJM CTAllMOHAPEH B IIIMPOKOM cMblcie. Myl OyzeM Ha3bIBATHL 3TOT
nporiecc Geavim wymom (white noise). Ecan nobaBuTE ellle, 4TO cJydaiiHble BEJINIUHBI

&; paclipeneJieHbl B COBOKYITHOCTIM HOPMAaJIbHO, TO IIpOLieCC CTallMOHAPEH TaKKe 1 B ySKOM

2
cvpicste. Mbl GyzieM HasbIBaTH €I0 TAYCCOBBIM OeabtM wymom ¥ micaTb &, ~WN(0,07).

Benrni mym urpaer odeHb BAXKHYIO POJL IIPY aHAJM3€ BPEMEHHBIX PANOB M IIOPOYKIA-
eT DoJee cJIosKHBIE Ipoliecchl. VIHOTIa TO, YTO MBI ONpPemesIMIIM, MOTYT Ha3BaTh CJIA0bIM
OeJBIM LITyMOM, M HasBaTb CUJIBHBIM OeJILIM IIIYMOM, €cJiM 3aMeHMTH TpeboBaHMe He-
KOppenpoBaHHOCTH TpeGoBaHMeM He3aBUCUMOCTH.

2. ITpoyecc cayuaiinozo 6aymcdanus (Random walk). MHorna ero HasoiBaoT Gpo-
VHOBCKMM IOBMIKEHMeM. OJTO IIpollecc, KOTOPBLIM 3allaeTcA CJAeOYIOIIMM o0pasoM:

X, =X, +¢,, rme & — Oemblii LTyM. STOT IpoIlecC MOYKHO paccMaTPMBAThL KaK aBTOper-

peccuio ¢ KoappurmenToM 1. Cam TepMMH «ciydaliHoe OJy:KOaHMe» ITOABMUJIICA B Ha-
yaJjle BeKa B CBABMU C IIIYTOYHON IT0 (POPMYJIMPOBKE 3ajadell: ecay B UMUCTOE IIoJie BBI-
IIyCTUTEL IBLAHOTO, TO TJle €ro cJedyeT MCKaTh depe3 HeKoTopoe Bpemsa?! Pesymbrar —
ecJM NBAHBLI OIyKOaeT CIydaliHO, TO €ro HaZlo MCKAaTh Ha TOM ’Ke MecTe, TO eCThb B
CpefHEM IILAHBIN OCTAHETCH Ha TOM JKe MecCTe.

Brramconmum maTemaTutdecKkoe OMKMIaHME, OVCIEPCUI0 M aBTOKOPPEJIALMOHHYIO
PYHRIMIO corydaiiHoro OJIysKIaHMA IIPY YCJIOBMM, YTO €CTh HeKOTOopad HadaJbHasd TOod-

ka X,. X, =X, ,+5 — 5To 00bI4HOEe pasHOCTHOe ypaBHeHMe. Jlerko sammcaTk ero ob-

t
mee pemerne: X, =X, ,+&,+&,_, =X, ;+& +¢&_ +&_,+..=X;+ ¥ &,_, . MblI BeImCa-
7=0
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JIM pellienue B ABHOM BIJ€ He 4Yepesd IIpeablayline 3Ha4YeHUdA, a TOJBKO Yepe3 HavdaJb-
HO€e 3Ha4Y€HMe U IIpaBbl€ YacTy, B KOTOPBIX CTOUT Gesnlit LTy M.

t
EX=EX )+ E(Z g )=X,+ ZE(EFT) =X, +0=const, T0 ecTb MaTeMaTH4e-
7=0
CKOe O'KMOaHMe YIOBJEeTBOpPsSeT YCJOBMIO cTalMoHapHocTu. IlopcumTaeM AycIIepCHIO.

t
2
X, = E{(Z g,_;) } Econ MBI packpoeM ckoOKM, TO yIBOEHHBIE ITPOM3BENIEHUA IIOCTE
7=0
B3ATUA MaTeMaTUYeCKOro OKUAaHUA OynyT paBHBI (, M ocTaHeTCA TOJBLKO MaTeMaTy-
qecKoe OXKUOAHME CYyMMBI KBAaIpPaTOB. YUMTHIBAA CBOJicTBa mucriepcum Oejioro Iryma,

mostyanm V(X)) :t-ag. CoMHOKNTENE f IOKa3BbIBAET, YTO AMCIIEPCUs CIydaiHoro OJry-
SKJIaHMA MeHSAeTCs cO BpeMeHeM, Oojiee TOro, OHa pacTeT IIPOIIOPIMOHAJILHO BPEMEHL.
IIpomecc caygaiiHoro OJay:KIaHMA SABJAETCH HECTAIMOHAPHBIM, Jaske B IIMPOKOM
cMEBICTe, TaK KakK AMcIiepcusi He NOCTOAHHA, OHA MeHseTcs BO BpeMeHN.

ObpaTuM BHMMaHME Ha CJIEAYIOIIYIO MHTEPECHYI 0CcOO0eHHOCTh. MBI MOrImM 3TO
JKe ypaBHeHMe HepemmcaTe B Buje X,-X, | =¢,, mmu AX, =¢&,, BBeAA cTaHAapTHOE

obosHaYeHMe JIJIA OpuparleHnsa Besgnuuasl JX,. Ilpupainienne, nm mepByl PasHOCTE
(first difference) AX,, MOXHO paccMaTpPMBaTL KaK IPYToil BpeMeHHOI psaz, obo3HauMM

ero uepes z, TOTga z;=¢&. Takum obdpasoM, ecjiu MBI BO3BEMEM IIEPBYIO0 Pas3HOCTEH HecTa-
LIIMOHAPHOTO PAAA, TO B pesyJsbTaTe MOKEM OJYYUTEH HOBBIM pAXd, KOTOPBIL Oymer cra-
IMOHAPHBIM. 37leck 9TO O4UeHL IIPOoCTo, HO Ha caMOM JieJie 9TO OAMH M3 caMbIX paclipo-
CTpPaHEeHHBIX CIIOCO00B IIPUBENEHNA BPEMEHHOTO PALA K CTAIMOHAPHOMY.

VIHTYyUTUBHO ACHO, YTO CO CTALlMOHAPHBIM PAZAOM paboTaTh ropasfo Ipollle, YeM
¢ HecTaiMoHapHBIM. Ho [aJjieko He Bcerjla SKOHOMMYECKME IIOKasaTesn BeOyT cebda
CTAITMOHAPHBIM 00pasoM. VI3 MaKpOSKOHOMMKY, Oa M U3 COOCTBEHHON JKM3HM HaM 3Ha-
KOMEI TpeH]J B SKOHOMUUECKUX NAaHHBIX, CEB0HHOE M LMKJIUYECKOe IIOBeleHMe dKOHOMMU-
qecKUX IokaszaTeseil. He cauilikoM Jii y30K KJacC CTAllMOHAPHBIX PALOB?

Brizemm 3 MCXOZHOTO BpPeMeHHOTO psAfa ABe cocTapjasmomme: Y, = f(H)+.X,,

rge X, — ciaydaliHad, HeJleTepMMHMPOBAHHAA HaCTh, f{1) — JeTepPMMHMPOBAHHAS YacThb.

Ilon «pmeTepMMHMPOBAHHON» COCTABJIAIIIEN MBI OyZeM IIOHMMAaThE COCTABJIAIOLIYIO, KO-
TOPYIO MOYKHO TO4YHO (C HYJIeBOI Aucliepcueli) IIpefcKasaTh, MCIOJIL3YH JMHEHHYIO
KOMOMHAIMIO BCeX (MM HacTM) IPeABIIYIMX 3HAUYEHUI pana.

HJaBajiTe paccMOTPMM HECKOJBKO IIPMMEPOB, YTOOBI IIOACHUTBL, UTO MMeEEeTCA B
Bupy. Ilpenmosiosxmm, Hamn ciuay<daiHbii pan A Y,
uMeeT ciaemywoumii Bum: YV, =a+ f-t+g,. Mu
yoKe paccMaTpMBaJM TaKMe MoJeJH, HTO per- Puc. 2.
peccus Ha BpeMsd f. 3meck a+ I — peTepMu-
HUpPOBaHHAA YacTh.

Ecnm Bce 3T0 mM300pasuth Ha rpaduxe,
TO THOJIYYMM TPeH], BOKPYT KOTOPOro coBeplila-
eTcA HeKoTopoe cIydaliHoe IBMIYKEHNE.

Econ g sABIsAeTcA cTallMoHApPHBIM IIPO-
IjeccoM C HYJIeBBIM MaTeMaTHYeCKMM OXKMIa-

A\ A
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HueM, To L(Y,)=a+ [-f. 3meck MaTeMaTH4decKoe O)KMAaHMe 3aBUCHUT OT I, HO COCTaB-

JISIOIAA € ABJAETCH CTAIMOHAPHOI.
B 1938 r. Wold [7] nokasas cienyoumii pyHAaMeHTaJbHEI pe3yIbTar.
Herommosnuma mwin reopema Boubaa (Wold decomposition).
Ms1 TosbKO chOpMYyIMPYEM 3TOT pe3yJbTaT U He OyIeM ero HOKasblBaTb. Bosbn
IIOKA3aJ, YTO YMCTO HeeTepPMUHMPOBAHHLIA CTAIIMOHAPHLIA B IIMPOKOM CMEBICJIE CJIY-
o0
HaliHBIL Ipollece MoyKeT OBITH NPENCTaBJIeH B CJeNYIOINeM Bume! X, — =D .y -&,
7=0
rae p, — MaTeMaTHdecKoe OKMJ@HNMe JTOTo Ipoljecca, a &, — OeJsbUi MIyM ¢ KoHed-

T

HBIMM MaTeMaTUYeCKNM OKujaHmeM M aucrepcueil. To ecTh BeAxmii cjaabo craloHap-
HBII IIpoliecc IIPeICTaBJIAETCA B BUle JMHEHHON KOMOMHAIMM OeJIbIX IITYMOB, C PasHBI-
MM BecOBBIMM Ko3ddpuiimenTamu. Tak Kax 3TO BbIpaskeHME JIMHENHOe, €ro 4acTo HasbI-
BAIOT JMHENHBIM ¢uasTpoM. Kak Obl Oesblii IIyM OPOIyCTMJ M Uepes JMHENHBIN
duasTp. VI 310 0YeHL yAOOHO, 3TO 3HAYUT, 4TO Oe3 moTepy OOIIIHOCTY MBI MOYKEM Orpa-
HUYNUTHCHA yAOOHBIM JIMHENMHBIM IIPEACTABJIEHMEM M BCe IIPO CTAllMOHAPHBIE IIPOIIECCHI
UBYUUTE.

Pasymeetcs, nna Toro, 9ToOBI 3TO BhIpasKeHME MMeEJIO CMBICI, HAAO HIOTpeboBaThL
BBIIIOJIHEHNA YCJIOBUA CXOAVMOCTHM, IIPUYEM CXOIMUMOCTM II0 BEPOATHOCTH, IIOTOMY UTO
CYMMMPYIOTCA CJIydalHble BeJWYMHBL OTO YCJIOBME OYEHB IIPOCTOE, MBI €TI0 BBIIMIIIEM

o0
u OoJibllle K HeMY BO3BpalllaThbcA He OymeM: Z‘ W,
i=0
1ryMa He HaOJII0aeMbl, BeCOBBIE KOD((MUIMEHTH! OIpeeJieHbl ¢ TOYHOCTBLIO IO MHO-
suress. IlosTomy morosopuimich 0es HoTepy OOIIHOCTYM CUMTATh Y/, =1. Hem Oojblie

<oo. ITockosbRy peasmsarmu OeJoro

BecoBolf KoahpuIMeHT v/, , TeM OoJbllle BJIMAHME CJIYHaifHOTO BO3MYIIEHMA B MOMEHT

-7 Ha TeKyU_U/HZ MOMEHT [. PasyMeeTc;{, 0ecKOHeYHOe YMCJIO CJIaraeMbIX ImopoxxgaeT
TeXHU4YeCcK1e HpO6JIeMI:I. K CYaCTBI), OKas3aJloOCh, UYTO BO MHOTUMX CJydasaX OOCTaTO4YHO
paccMvaTpmMBaTL HE 06U_1ee IpencraBJIeHUe Bom:,ua, a €ero JacTHrble cJjydalr, Korga 4mcJjo
cJlaraeMbIX KOHEYHO.

IIponeccen ckoabasamero cpegaero (MA)D

CroxacTudecKmii IIporecc Ha3bIBaeTCA IIPOLIECCOM CKOJIB3AINET0 CpPEegHEero IIo-
pAOKa g, ecJM B Pas3jiOKEeHUN Bom:,ua IIPUCYTCTBYIOT TOJIBKO ¢ cCJlara€eMbIX. To ecThb:

q
MA(q) %, = Zl//l -g,_, (OJiA YIpOIlleHMA 3aIlMcK MBI 37lechk 000sHa4YaeM depes x, =X, — u
7=0

OTKJIOHEHME IIPoIlecca OT ero MaTeMaTUUecKOro OKMIAHNSA). OKBUBAJIEHTHO 3TOT PHAZA
MOKHO IPEJCTaBUTE B BUIE! X, =&+, -6 +..+y & ,. HasaHue «crosmbsdee
cpenHee» OOBACHAETCHA TeM, UTO TeKylllee 3HaUEHMe CJIYHallHOTO IIpoliecca OIpesesIsa-
eTcs B3BEIIIeHHLIM CPeHUM ¢ NIPembIAYIX 3HadeHnii Oejoro mmyma. Ilporienypy cKoJb-
BAIIET0 CPeIHEro 4YacTO MCIOJNL3YIOT JJIA TOTO, YTOOBI CrJIaIUTL [AaHHBIE, KOTOpBIE
CUJIBHO K0JIeOJIFOTCH.

D MA = moving average.
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JaBajiTe IMOCMOTPUM CBOJMCTBA 3TOTO PALA.
ITpoyecc cmayuonaper MPOCTO IIOTOMY, YTO OH €CTh YaCTHBIN CJIydall pasJsosxe-

q
uuaA Bosabma. Marematndeckoe owxmmanue: [(x,)=0. Hucnepcusa: JV(x,) :0221//1.2 .
i=1
Wrak, MBI BuauM, 9TO HM MaTeMaTHUecKoe OMKMAaHMe, HY IUCIIEPCUS He 3aBUCAT OT
BpeMmenu. IlepeMHOKAA 3HAYEHNA AJA PasJNYHBIX MOMEHTOB BpeMeHM M OepdA MaTeMa-
q-k
TH4YecKoe OYKMIaHue, ITOJydnM COV(xZ,xHT):GZZl//il//Hr gna ¢ =0, 1, 2,..q. Ina >q
i=0
)=0.

Cov(x,,x, .

Jderxmusa 2

B HpOLHJIOﬁI JIEKIIMM MBI OCTaHOBMJIMCH Ha PaCCMOTPEHMM IIPOIECCOB CKOJB3A-
IIero CpengHero, KOTopbie MBI OIIpelesiMJIM KaK IIPOLEeCChI, OJIA KOTOPBIX CyMMa psana B
pasjoxenun Bom:,ua IIpocTupaeTcsa He 1o 6eCKOHe‘-IHOCTI/I, a oo HEKOTOPOro KOHEYHOTIo

nejoro wncya g. Jusa obosHauennsa KoadpuimeHTOB KoHewuHoro paga MA(qQ) Mel 6yzmem

q

UCIIOJbL30BaTh MHYIO OyKBY f: X, = Z B.e
7=0

TeJIbHO pPaBHEI f3;, a ocTajlbHBIe |/, PaBHBI Hysro. Torga BEIpaskeHMe AJA KoBapMally-

T 3To O3Ha4daeT, 9To Y/, 10 I=q BRJIIOYM -

q-T

OHHOJ (PYHKIMM 3TOTC Ipollecca mpuHMMaeT Buia: Cov(X, X, )=y(r)= 052 Zﬂi “Birs
i=0

rme t7<q, a 05 =Var(g,). NpyruMm cjoBaMy, MeMXIYy SHaAYEHUAMM BPEMEHHOro pAna,

AOCTAaTOYHO OaJieKO OTCTOAIIMMM APYT OT OApyra, OTCYTCTBYeET KOpPpPeJIANMOHHaA CBA3b.
s IIOJTyIeHHBIX BI:IpaDReHI/Iﬁ AJIA KOBapI/IaLU/H?,I M OMCIIEPCUM HEIIOCPEACTBEHHO cJenyerT

. ) _r(@)
BBIpa'KeHMe JIJIA aBTOKOPPEJSIALMOHHON pyHKIMN: p(7) = m
[y msydeHns cBOYCTB BPEMEHHLIX PAAOB YZOOHO MCIIOJBL30BATEL OIIEPaTop caBura L.

Onpegemum LX, =X, |, To ecTk gelicTBue olepaTopa cIBKUTa Ha BPeMeHHON pAfn

JaeT 3HadYeHMe BPEMEHHOI'o psAga B Hpe,um,uyu_{m?[ MOMEHT BPEeMEHMN. EcTrecTBeHHBIM
06pa30M IIocJjienoBaTeJIbHOE IIPMMEHEHMe oIlepaTopa caBuUra p pas3 gaeT 3Ha4dYeHue
BPEMEHHOI0 psAda B MOMEHT BPEMEHM Ha p II€PMOJAOB paHee, YTO IIO3BOJIAET BBECTU

cTemeHb omepatopa chsura: LPX, = L(L(L..)X, =X ip- ViHOTIA yHoOHO MCIIOJIL30BATE

HyJIeBYIO CTelleHb orlepaTtopa Jara: L°X, =X, , Urpalolyio poJb efMHIYHOTO OepPaTo-

pa. B manpHelieM MBI He OyZieM CIIEIMAJILHO OTOBAPMBATL Pa3HUIY MEXKAY YMHOMKe-
HMEM Ha eVHUITY, eNVHWYHLIM OIIepaTOPOM M HYJIEBOM CTEIEeHBIO OllepaTopa CABWUTA,
MCIIOJILBYSA 110 00CTOATENILCTBAM TOT M3 HMUX, KOTOPBIM ynobHee. Takike ecTeCcTBEHHBIM
00pas3oM BBOAWUTCH YMHOMKEHMeE ollepaTopa CIBWUIa Ha HMCJO M Ollepaly CJIOYKEHMUA 1
YMHOSKEHUA CTeIleHel 3TOoTo oleparopa.
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C moMoIlbIo 3TOrO ollepaTopa MOYKHO 3alllcaTh IIPOLIECC CKOJIL3ALIEr0 CPeHEro
CJIeAYIOIIMM 00pas3oM:

X, =QL + BiL+ B L .+ B L) &, =+ B L+ 1} +..+ L) 5, = B (L)e, .
Hamomumm, uTo KoaddpuimeHT mIpn Logl WM &, To ecTb Korja 7 =0, Bcerga paseH 1
M3 yCJIOBUSA HOPMMPOBKN. 31ieck depes f3 (D) 0003HaYEeH OIIEPATOPHEIN IIOJUHOM.

3aMeTHM, 4UTO ecJiM Y Hac ecThb IIBa OIllepaTOpHBIX HoJuHoMa Ww(L)u ¢(l), To ec-
TECTBEHHBIM 00pa3oM OJIA HUX MOJKHO OIpelesUThL apudMeTHHUecKne OIepalyu CJo-
SKEeHMA, BBIUMTAHUA M YMHOMKEHNUA Ha uncio. OnpenesuM CYIEePIOSUIIMIO 3TUX ollepa-
TOPHBIX IIOJIMHOMOB, TO €CTh pe3yJibTaT IIocjiefoBaTeJLHOTO Bo3LelicTBUA Ha X, ollepa-
Topa ¢, a IIOTOM Ha IIOJyUeHHLIN pe3yJibTaT — ellle U oleparopa Y HemocpenacTBeHHO
BUHO, YUTO IIPUMeHeHMe CYIIePIIOBUIINM ITUX OllepaTOpoB K Ipolieccy X; IPUBOAUT K
TOMY ‘Ke pesdyJbTaTy, 4To M IIpUMeHeHMe K IIpolleccy X, IIPOM3BeAeHMA IIOJMHOMOB
w(Luapll): yDle)X,]=lyL)e(L)]X,. OTo, B 94acTHOCTH, O3HA4YaeT, YTO MbI MO-

JKeM PaBJIOYKUTL OIlepPaTOPHLIM MHOTOWJIEH Ha MHOMKUTEJM, UCIIONB3YA KOPHM ypaBHe-
HuA @(L)=0. JJyisa 3Toro BCIIOMHMM, YTO JIHOOO0I IIOJMHOM CTEIIEHU p C el CTBUTEJILHBI-
MM Ko3(pPUIMEeHTaMM MMeeT p KOMILIEKCHBIX KOpHEeNM, cpelu KOTOPBIX MOTYT OBITh

paBHBIe II0 BesMuuHe, OTOT (PaKT HABBIBAETCH OCHOBHOU Meopemoll aiecebpst, KOTOPYIO
CBABLIBAIOT ¢ MMeHeM l'aycca. To ecThb J000M ollepaTOPHBIM MHOTOUJIEH MOKHO IIpef-

q
CTaBUTL B BUIeE: (1+ﬂ1L+...+ﬁqu):ﬁqH(L—Zi), rme Z, — KOPHM YypaBHeHUS
i=1

1+BZ+..+p,2%=0.

s onepaTtopHoro MHorodnena (L), melicTBYIOIlero Ha HEKOTOPBINM IIpoliecc X,
oIIpenenuM o0PamHbLl Onepamop TakuM o0pasoM, YT0o0bl CYIepIIo3UINA olleparopa U
o0paTHOTO K HeMy ObLIa 3KBMBAJIEHTHA €IVHUYHOMY OIIePaTOpPy, TO €CTh YMHOMKEHMIO

Ha 1. Jpyrumm crosamy, ecau (L)X, =Y,, To gelicTtBue Ha Y, oOpaTHOro ollepaTopa

JOJLKHO JaTh X [¢(L)]71YZ =X, :[¢(L)71 @(L)]X,. OTo Kak c AByMs MaTpULaMM: IIPO-
%,—/
=1
M3BeleHMe IPAMOIl MaTPUIILI Ha 00PaTHYO JaeT eIMHUYHYIO MaTPUILY.
Paccemorpum mosmmuom 1-oro mopsanka. Ilpu ero ymMHOMKeHMN Ha 00paTHBIN omepa-
TOP OOJIYKEH IIOJYUUTLCA eOMHMYHBIN oIlepaTop, TO eCTh eIMHUIE. 3aMeTHUM, dUTO

(I-al)-(+al +allr +.  +alfl? +..)=1, ecom OecKoHeUHLINl PAL B CKOOKaX CYII[ECTBY-

_ 1
er, uMeeT cMbica. Torma Mo:KHO HamucaTs! [1—al]™ :ﬁzl—i-aL +..+aPLP +..., ec-
—a

JIM TpaBasd 9acTh MMeeT CMLICJ. PaccMOTPMM KOHEYHYIO CyMMY BMECTO GeCKOHeTHOTO
paga: (l-al)-(I+al+a’L* +..+a?LP)=1-a?'[?" | IeiictBue waroro omeparopa Ha
cryuaiaeni mpontece maer: (1-a?" LYY, = X, -t X

t—pa- 1pn p—>o mpasas

YacThb BBIPAMEHUA CTPEMUTCA K Xl’ ecJIn Ha6JIIOI[aeMI:Ie SHA4YeHNA cnyqaﬁHoro IIpo-
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mecca orpaHuYeHbl U ‘Oﬂ‘ <1. CJIeILOBaTeJH:HO, ycJIoBHe CYyILTeCTBOBaHUA O6paTHOI‘O o11e-

paTopa 1A TOJMHOMA TIePBOTO TIOPAAKa UMeeT BUmZ) ‘a‘ <1.

Wcnonesya nmouaTue obpaTHOro ornepaTopa, onpobyeM BBIACHUTH, KOTA MOMKHO
BBIPas3uTh & 4epes X. To ecTs, Mpy Kakux yeaoBusax ¢, = @(L)X,. Pasiomus oaMHOM B

q

MA(q) npencTaBieEMM Ha MHOMKUTEJM, HOTyumM: X, = ﬁqH(L—Zl.)gl. dasa Toro, 4ro-
i=1

OBl MCIIOJIL30BATE IIOJIyUeHHBIE YCJIOBMA 00paTMMOCTM JIMHEHHOro ollepaTopa, yAoOHee

MCIIOJILBOBATE KOPHM JPYLOTO  XAPAKMEPUCTNUUECKO20 YPasHerus, a WUMEHHO!

A +ﬂ1/”tq71 +...+ﬁq =0. ObozHaunm ux 4depes 7x,. TaKaa 3ammMch XapaKTepPUCTHHECKOTO

YpaBHEHMA COBIAJaeT ¢ IIPUHATON B TEOPMM PA3HOCTHBIX JIMHEHHBIX ypPaBHEHMII C ITO-
CTOAHHBIMY KO3 (PUIIMEeHTaMN.

B uyem pasHmnia Mesxny npenbimyiliell samymcbio M 3Toi? OOBIYHO pPasHOCTHEIE
YpaBHEHMA COAEPIKAT TEKYIIMII ¥ IIOCJeNyIOIMe TWIIEHBI II0CJIEIOBATEILHOCTH. A BO
BPEMEHHBIX PAAX MUCIOJNL3YIOTCA: TEKYINMI U Ipenblayinne 4wieHsl I1oaToMy ecTh ABa

criocoba Bammcy XapaKTepucTHUYecKoro ypabHeuus. Ilepeemi, A7 + ﬁlftqfl +..+ ﬁq =0,
YTO COOTBETCTBYET OOIIEeMY IpPaBUIy [JA PasHOCTHBIX ypaBHeHMi. JImbo mmiryT Ha-
obopor: 1+ B Z+..+ ﬂqZ 1=0. Kopuu »TUX ypaBHEHWII CBA3AHBI MeXKIy co0oil oueHb

npocto. JI:000if KOopeHL ONHOrO ypaBHEHMA paBeH 1, JeJIeHHOV HA COOTBETCTBYIOLIINIA
KOPEHB IPYroro ypaBHeHus, 1 Haobopor: Z, =1/7z; . Orcropa mosydnm:

q 1 q
X, = ﬁqH(L—;)EZ :H(l_”il’)gz'
i=1 i=1

1

HpI/I BBIBOJI€ MCIIOJIB30BaH OOVH U3 PEe3YyJIbTaTOB T€OpPEMEI Buera: IIpOU3BEOEHME KO-

Hell XapaKTepUCTHYEeCKOro ypaBHEHNA paBHO f3 p (-D?.

B BroIpakenun ﬁ[(l—ﬂ'iL)Sl KayKIbli COMHOMKUTEJIb — 3TO IIPOCTO JIMHENHoe
i=1
Bripaskenue (1-7z,L). Eciu dopMasbHO BEIPasuTE €, depes X, He obpalllad BHMMaHMA
1

[1a-=L)
paeHMIO MOKHO IIpMAgaThb CMBICIIL. Ecmm Bce KOPHM XapaKTepHUCTUYIECKOro ypaBHEHUSA
OelicTBUTENLHBI U pasJmMYHbl 110 BeJIMYNMHE, OII€PaTOPHYIO ,ZLpO6I:, 3HaMeHaTeJIb KOTO-
p0171 pasJjioiKeH Ha IIPoM3BeeHre OQHOYJIEHOB HepBOIZ CTelleHM OTHOCUTEJIEHO L, MOJKHO
1 A A
[la-=Ly 1-=zL 1-=z,L

Ha To, YTO L — 3TO oIepaTop, MOJyIUTCA &, = X,. OxasbIBaeTcs, 5TOMY BBI-

IIPeJICTaBUTL B BUJE CYMMBI 3JIEeMEHTAPHBIX npobeir:

2 Tor e pesybTaT MOMKHO TOJYYIUTh, UCTIONL3YS HOPMY B IIPOCTPAHCTBE ONEepPaTOPOB CIBUTA.
IIpu mobom pasyMHOM OIpefieleHuN HOPMBI clydaiioro mporjecca X, , HopMa mporecca X, paB-

Ha HOpMe IIpolecca X171 , IIOBTOMY OIlepaTop CABUTa MMeeT HOPMY, PaBHYIO eIII/IHI/ILIe:HLH =1.
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Taxoe pa3sjoKeHMe IIPMMeHAETCA IIPY MHTETPUPOBAHMM PAalMOHAJNBHBIX Apodeit u
JIOJUKHO OBITB BaM 3HAKOMO 13 Kypca MaTeMaTHUecKoro aHaausa. Kaiaoe ciaraemoe
HaIIOMMHAET BbIpaskeHne AJA (POPMYJIbI OECKOHETHO yObIBalOINell reoMeTpHdecKoll Ipo-
rpeccun. B manHOM ciydae A; urpaeT poJk II€PBOrO WieHa STOM IIporpeccuiu, a BMecTo
MHOXKHUTeJIs OecKoHeYHO yOBIBaloIlleli reoMeTpMdecKol Iporpeccun y Hac crouT 7,L . Ec-
Jn ‘72'1‘ <1, To mepBYIO 3JIEMEHTAPHYIO [Po0b MOKHO PaBJIOKUTL B CyMMY OeCKOHEUHO
yOBIBAIOIIE) T€OMETPIYECKOI ITPOTPeccu My B OeCKOHEYHEIN CTEIIEHHON PAL
A
1 A +mL+ail 4. +xl I+ ).
1-7.L 1 1 1 1
1

Ecan anajormyHoe ycJjioBMe BBINOJHEHO IJIA KaMKIOT0o M3 KOPHEN, TO IoJydaeTcs, 4TO
&, PaBHO cyMMe ¢ TakuX OecKOHeuHBIX pasJoxkeHuii. Ilpoussensa mpuseneHMe IoH00-

HBIX 9JIEHOB, IIOJy9MM HeKOTOpBIIZ 0eCKOHEeYHLII MHOTOYJIEH OT L ¢ KaKMMM-TO — MOMK-
HO ABHO BBIIIMCATE MX 3HAYEHUA — KOS(b(bMHMeHTaMM. Taxum 06pa30M, II0JIy9UMM BBI-

paskeHue cieaymwollero supa’ («, +oqL +0¢2L2+...+0¢kLk+...+)Xl, roe K03 pUIIMeHTE
o; CJOHBIM 00pasoM OyAyT BhIpaskeHBI depes XapaKTepHcTHUecKMe KOpHM 7. Ecmm
3TO BCe BBIIIOJIHEHO, TO £ BLIPAYKEHO depes TeKyle U IIpelbInylie 3HadeHusa X.

4

IIpoBenenntnle IpecbpasoBaHUA CIPaBeIJIMBLL, ecay Kaxaad Opobb Tuia Tl
-7,
1

MOYKeT TPaKTOBaThLCA KaK CyMMa OecKOHeYHO yOBIBarolllell reoMeTpMHEcKON IIporpec-
CUM, TO €CTh MBI BO3BpAIllaeMCcH K YCJIOBUIO, YTO BCe KOPHM II0 MOAYJIIO CTPOTO MEHBIIIe

eTMHUIIBI! ‘72'1-‘ <1.

OTO ycJ0BMe HA3BIBAETCA Yycaosuesm oopamumocmu (invertability) mporecca MA.
IIpu sTom BBIpasieHme anA g, OymeT OecKOHeYHBIM, HO CXOAAIIMMCH OIEPATOPHBIM
TIOJIMHOMOM, JeMcTBYIOUMM Ha X, OTo 3HA4MT, 9To &, OyAeT BRIPAsKeHO Uepes3 yXOons-
e B OeCKOHeYHO fajieKoe Ipolrioe 3HadeHua X. MosxHO IoKasaTk, 4TO ycJjoBue 00-

paTrMMoCTM coXpaHsdaeT CBOI B[, & MMEHHO:

7

<lwu AJIA cJyYdasd KOMIIJIEKCHBIX I/I/I/IJH/I

KPaTHBIX KOPHEIL

HamomummM, 4To cyllecTBYIOT ABa PasJIMUHBIX CIIOCO0a BaIlMCU XapaKTepyCTHHe-
CKOTO ypaBHEHMA. OTY CIIOCO0BI SKBMBAJIEHTHBI, MEHAETCHA JIMIIL (POPMa YCJIOBUA CY-
111ecTBOBaHMA 0oOpaTHOTO onepaTopa: B II€PBOM 3aIllCy yCJIOBME — BCE XapaKTepuCcTy-
JecKlMe KOPHM [0 MOAYJIO MeEHBIIle 1, a eciam XapaKTepucTUHecKoe ypaBHEHMe 3ally-
caTb BO BTOPOM BHJe, TO yCJOBME CXOLMMOCTM — BCe XapaKTepMCTHUYecKMe KOPHU IIo
Momyso Oosibliie 1. 3meck M B JaJibHeRIIeM OyzieT MCIIOJIL30BATHCA IIEPBLI criocob 3a-
IMCK XaPaKTePUCTUYIECKOro yPaBHEHNS.

Ilocsie mpeobpaszoBaHMA MIPoLlece CKOJL3AIIETO CPENHET0 IPUHNMAET CJeLyIOLTNA

Bun: («, +a,L -|-0¢2L2 +..)X, =¢,. Ecu BbIpasuTh X, 4epes Bce €ro Mpelblnyliye SHade-

HMA U &, U IJIsI HOPMMPOBKUM pasaeJiuTh Ha o, TO IoJydaeTCsA SKBMBaJIEHTHOE IIpen-

o o 1
cTaBjeHne X, = ——IXH - ——kXH{ —...+—¢,. Tor xe cambli npoitecc MA(q) npen-
o o a,
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cTaBJIEH TaKMM 06pa30M, YTO TeKYlllee 3Ha4YeHMe Xt BBIPDAyKEHO Yepeld TeKyllee 3Ha4de-
HNe &,, a BMeCTO ¢ IIpeablayINnX 3HAYEHUIl £ MoABJAeTcH OeCKOHeUHBIN PAO IIPOLIIBIX

3HaAYEeHUN lek' Ha HepBBH?,I B3IJIAL 9TOT IIPOIleCC He HaIllOMMHaeT IIpencTaBJICHUE

Bosbga, HO B To ke BpeMsA OH IO IIOCTPOEHUID ABJIAETCA CTAIIMOHAPHLIM CIyYalHbBIM
mpotieccom. OBo0IIaa 3TO IpeAcTaBIeHNe, IePEXOOUM K PACCMOTPEHUIO HOBOTO KJacca
IIPOLIECCOB, KOTOPLIE IIPU HEKOTOPBIX YCJOBUAX MOTYT OBITH CTAIIMOHAPHBIMM, 4 MMEHHO
K IIpolleccaM aBTOpPerpeccum.

Ecnn sHavenme cjyuariHoro mpoliecca ompefesseTcsa JIMHENHON KoMOMHaImen
KOHEYHOTO 4YMcJia €r0 NpefbIoyINNX SHadeHuN U mobaBieHmeM OeJjioro IiryMma, TO TaKoif
IIpoliecc HasbIBaeTCA IIPOLeCCOM asmopezpeccun (autoregression) nopadxa p, U ero
oflllee ypaBHeHMe uMeeT Bui: X, =a X, +0¢2X172+...+0¢pX17p+81, rme g — OeJnlit

LITYM.
B stmx TepMmmuax mporecc, obpatHEIT K MA(Q), Mo)xeT ObITE 00O3HAYUEH KakK

AR(»). OfHaxko y Hac HeT TapaHTWUM, 9TO NpPY JIOOBIX KOI(MPUIMEHTAX &, dy,.... K,

3TOT IIpollecc OyzeT cranmoHapHBIM. Jua Toro 4ToObI OH ObLI CTAlMOHAPHLIM, HYYKHO,
4TOOBI OH OBLI IIPeACTaBMM B BUAEe pPasJioskeHNsa Bojbnaa, 4ToOBI €ro MOMKHO OBLIO Ile-
peBectu B MA(q) mpencraBienne, MMeIOIlee CMBICIL

Ilepenuiem ypaBHeHMe IIpollecca B CJeYIOLIEM BUIE!

X, —oaX, | —a,X,_, —...—alefp =¢
a(D)X,

ObosHaunM. dyepes a,(L)y=1-oL —a2L2 - —apr OIlePaTOPHBIN [IOJMHOM, NEeMCTBYIO-

e

mmii Ha X, B HeKoTOpOM CMBICJIe IIOJIY4UeHO «3epKaJIbHOe oTobpaskeHMe» IIpoliecca
MA(q). Terreps omepaTOpHBIN ITONMHOM JeHCTBYeT Ha X, a He Ha & ¥ Pe3yJbTaT pPaBeH
& IlosryueHHOe BbIpaskeHMe IIPeCTaBIIAET co00l PasHOCTHOE ypaBHEHME OTHOCUTEIBHO
X co caydalinoii npaBoii "acTeio g. OOlllee pellleHMe 3TOTO YPaBHEHMA COCTOUT M3 00-
IIIeT0 PellleHns OAHOPOJHOTO ypaBHeHMA (KOrZa HeT &) ILIIOC YacTHOoe pPellleHye II0JI-
HOTO (HEOJHOPOIHOrO) ypaBHEHMA, 3aBucAlllee 0T & OOIee pelleHye OAHOPOIHOTO

ypaBHeHMA MMeeT caemyroumii Bua: X, :zCi (t)(7zl.)Z , TA€ 7, — pasJnyHbIe [0 BeJu-
uyHe KOPHM XapaKTepUCTUUEeCKOTo ypaBHEHMA (MOKeT ObIThb, KOMILIEKCHBIE), KOTOpOe
umeer Bugm: A —oy A? ! —ma, = 0, a C,(!) — IONMHOMEI, CTelleHb KOTOPLIX Ha eIMHMU-

1y MeHBIIle KPAaTHOCTM COOTBETCTBYIOIIIETO KOPHA. JacTHoe pellleHNe HeOOHOPOILHOTO
YpaBHEHUA BBIINCHIBAETCHA Hepes &, ¥ Mbl 00OCYIUM €ero I03Ke.

Perrrenne omaopomHoro ypaBHeHMs He OyneT yXOAWTL B OECKOHEYHOCTL, OyzeT
YCTOMYMBBIM IIPM YCJIOBMM, YTO KOPHM XapaKTePHCTUHECKOTO YPaBHEHMSA II0 MOLYJIO

OynyT MeHblle 1: ‘72'1.‘<1. Ho wmmenHO mpm sTOM yCJI0BMM CyLIecTBYeT oreparop, 00-

paTHBII omeparopy «(L), TO eCTb MMeeT CMBICJ BhIpaskeHue: X, = g,. CnenoBa-

1
a(l)
o0
TeJILHO, IIpollecc X; IPUHNMAET BUJ, COOTBETCTBYIOIIMII Teopeme Boiawga: Zl//l.g
i=0
4ero cjieflyeT, UTO 3TOT PAJL ABJAETCA CTallMOHAPHBIM. Eciym Ke IpM HEKOTOPOM |

i V13
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7Z; = 1, TO pelleHyre He CTPEeMUTCHA K HYJIIO WA Oaxe YyXOOUT B 6eCKOHe‘-IHOCTI:, M HU O

KaKol CTaI[MOHAPHOCTM petur OLITH He MOJKeT.

B pesynrTaTe ycioBme, 9TO Bce KOPHM XapaKTePMUCTUHECKOTO YPaBHEHUA A
nporiecca AR(p) sesxaT BHYTPM eIMHMYHOTO Kpyra, ABJAETCA HeOOXOAMMBIM M JOCTa-
TOYHBIM JAJIS TOTO, YTOOBI PAX OBLI CTAlMOHAPHBIM.

Tyt ectt Hekas acummerpud. IIponeccer AR(p) m MA(qg) B uem-To noxosu. Ho
nporiecc MA(q) Bcerjia cTalMOHapeH, a yCJOBUSA 00paTMMOCTM 00EecIIeuMBalOT €ro HeKO-
TOpOe TI0JIe3HOe CBOMCTBO, He 3aTparnBas (PYHAaMEHTAJLHOTO CBOMCTBA CTAIMOHAPHOCTH.
Ona AR(p) aTo ycJoBMe OYeHL JKeCTKoe: Jubo OH cTallmoHapeH M cBoauTess K MA(w),
J160 oH BooOIlle He cTAIMOHAPEH, M TOT4 OH BhIIATaeT (ITOKA) M3 HAIIETO PACCMOTPEHMA.

B smrepaType cylllecTByeT HEMHOTO pasHOe MMoHMMaHMe obosHadenua AR(p).
OTo passmune OOBIYHO HMYEMY He IIPeNATCTBYeT, HO A X04Wy oOpaTUThH Ha Hero Ballle
BHUMaHMe. VIHOTla Ha3bIBAIOT IIPOLIECCOM aBTOPETrPEeCcCUM TOJLKO Takoil mpoiece AR(p),
JLJIA KOTOPOTO BBIIIOJIHEHO yCJIOBME cTallMoHapHocT. A mHorma AR(p) HaswBaloT 00071
IIpoliecc aBTOPErPECCUN, asKe ecJIM OH He CTAITMOHAPEH.

Ilocsie Toro, Kak MBI BBISCHWJIM YCJIOBME CTAIIMOHAPHOCTHM, PACCMOTPMM CBOMCTBA
aToro mpoliecca. HauHeM ¢ MaTeMaTuUdecKoro okupanusa. KEcjm mpollece CTAIMOHAPHBIN
M €ro MOKHO BBIIINCATEH B BUJle CXOZAIIErocA pasjoskeHns Bosbna, To BoIpoc o MaTe-

MaTUYECKOM OXKMIAHMM pelllaeTcsA IIPOCTo, OHo HyJeBoe! [F(X,)=0. ABToxoBapualu-

OHHYIO (DYHKIIMIO MOYKHO BBIBECTH, MCIIOJBL3YHA IIpeJicTaBIeHne Ipoliecca B Buae MA(w)
C IIOMOLIIBIO OITePATOPHBIX IIOJMHOMOB, HO 3TO JOBOJILHO KPOIIOTJIMBAA M He O4YeHb MH-
TepecHasa pabora. MOKHO [IONYUNUTH HYSKHBIN Pe3yJBLTAT APYTUM 00pasoM.

YmHOKMM 00e 9acTy BhIpaskeHma X, =a X, +...+alefp +¢&, Ha X;, U BO3bMEM
MaTeMaTHdeckoe oyKnpaHKe. ITockoIbKY MaTeMaTHdecKoe OMKMIaHMe IIpoliecca paBHO 0,
IOJIyYMM ypaBHEHMe IS SHaYeHWIN aBTOKoBapMallMoHHOM ¢yHkimu. Ecomu 7> p TO
HoJIydaeM cJeAylolllee COOTHOLIIEHMeE

y(7) :0517/(2'—1)-1-0527/(2'—2)+...+0¢p7/(2'—p)+E{XFT-gl}.

B neBoit wacTm paBeHCTBa MBI MCIIOJIL30BAJM UE€THOCTH aBTOKOBAPMAIlMOHHON (DYHK-
mwmm: ¥ (7) =y (—7). Tak Kax mpoliecc CTalMOHAPHBIN, To X, , IpefcTaBUM B Buie OecKo-

HeYHOM CYMMEI &, ¥ OoJjlee paHHMX 3HaudeHUI ¢ . Bce g, BXoaAnme B onpenesenne X, ,
He COBIAJalOT [0 BPeMEHM &, OHM Bce pasHoBpeMeHHEIe. ITostomy E{X,  -£,}=0, mo-

TOMY YTO 3HadeHMsA OeJioro IIyMa He KOPPeNMPYIOT MexIy coboil. Ipyrumm cioBamu,
IOJIydaeTca caefyloliee BeIpaenne: y(7) =ay(r-D+..+a 7 (7~ p).

Ecnm paccmaTpuBaTh €ro Kak pasHOCTHOE ypaBHEHMeE, TO OHO COBIIAJIa€T C OHO-
POAHBIM ypaBHEHMEM JJiA Ipoliecca X, To ecTh 3HaYeHMEe aBTOKOBAPMAIIMOHHON (DYHK-
UMM AJA 7> p YLOBJETBOPSET TOYHO TOMY Ke PasHOCTHOMY ypaBHeHMIO. IJoCKOJIBKY
pasHOCTHOe ypaBHEHMEe yCTOMYMBO, TO 3HAYEHUSA aBTOKOBAPMAIIMOHHON (PYHKIMM YOBI-
BAIOT 110 abCcoJIOTHOM BeJM4MHE, 110 KpaliHell Mepe, co BHAUYeHUA ¢ MHAEKCOM (p+1).

Ous 7<p 2T ypaBHEHMA HaJ0 MOAMUIIMPOBATE. BMECTO PeKypPpPeHTHOrO CO-
OTHOLIIEHNA JJIA [IePBLIX p 3HAYEHMI aBTOKOBAPMAILIMOHHON (PYHKIIMM ITOJydaeTCHA CHUC-
TeMa p JUHENHHBIX YPaBHEHUN C p HEU3BECTHLIMU.
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B rauectBe mpmmepa paccmorpum mnporecc AR(1). Ero xapaxTepucTuieckoe
ypaBHeHMe uMeeT BuI: A—oa =0. YcJIoBMUE CTALMOHAPHOCTH: ‘a‘ <1. Ina aBTOKOBapua-

LMOHHOM (PYHKIMM IIOJIydaeM:
¥ (1) = ay (0)
7(2) =ay(l) = a’y(0)

y(r)=a"y(0)
Temept 04eHL XOPOIIIO BUAHO, IT0YEMY BasXHO ycCJIOBME ‘a‘ <1.

Yrober BeramcsnTek ¥(0), Hamo Haytu nucnepcuioo. Ho ecam MBI MHTepecyemcs
TOJILKO aBTOKOPPEJIALMOHHON (PYHKIMEN, To, pasnenuB Hallm cooTHoureHus Ha y(0),
mosryaum p(7) =’ .

CrepoBatenbro, s nporecca AR(1) aBToroppensaionHas pyHKIMA p(7) Be-
ZleT ceba cxeMaTUYIeCK) CJIeAYIOIIMM 00pasoM:

017 A"
06 LN

05 ™

0,4 A

03 AN

0,2 e

0,1 e,

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Pue. 1. 3uauenus aBTOKOPPeIANMOHHON dpyHEINy mporecca AR(1)
pu 3HaveHuU Kodddpunenta pasaoM (0,8

0,8
0,6 . 4
0,4 \
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Pue. 2. 3uayeHus aBTOKOPPEIANUOHHON doyHEnny mporecca AR(1)
mpu sHaveHuu rodddpurmenta pasaom —0,8
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Jdexmusa 3

B mpormoii neknmy MBI yCTaHOBMJIM, YTO ecym Ipoliecc AR crammonapeH, To oH

KpoMe KoHeuHoro mpencraiiennsa AR(p) umeer GeckoHeuHoe mpencraByeHne MA(w). U
ecJ BBIIOJHEHO YCJIOBME 00paTHUMOCTH, To KoHeuHBIM mportecc MA(q) mmeeT GeckoHed-

Hoe mpeacraBienye AR(w). Takoil myanmsm IIpefcTaBJIeHMII BPEeMEHHOI'O PAfa MOMKHO
paccMaTpuBaTL Kak obobleHne npeobpaszoBanusa Kolika, KoTopoe IPUMEHAETCA B KO-
HOMeTpUKe AJA O0psOBI ¢ aBTOKOppesAlMell MepBoro nopanka. CylllecTBEeHHOe OTJIM-
uue npotiecca AR oT mportecca MA cocTouT B ToM, 4To AJiA Ipoliecca MA aBToKoppe-
JIAIMOHHAA (PYHKIMA IIocJe i>¢ CTaHOBUJIACH PaBHONM HYJIIO, 00PBIBAJIACE.

Pacemorpum mportece AR(2). 9ro npouece Buga X, =a, X, ; +a,X, , +¢,. Ilocmor-
PMM YCJIOBUSA CTAIMOHAPHOCTM BTOTO IIPoIlecca. XapaKTepuCTUYecKoe ypaBHEHMe IIpy-

HUMaeT By A —oyA—o, =0 (Kak yse OTMeYaJloch, MHOTJA XapaKTepUCTHIecKoe ypaB-

[ 2
o ko +da,
5 .
YcsioBMe CTAIMOHAPHOCTY IIPY BLIOpaHHOI (popMe Balmcy XapaKTepPHCTUYecKoro ypas-

HeHMe OMIIyT B Buje 1-aZ —a222 =0 ). Kopan aroro ypaBHenns: 4, =

HeHUA! ‘ﬂ'l 2‘<1. B IIPMHIUIIE, 3TOr0 YCJIOBMSA OOCTATOYHO, HO €ro MOYXHO BBIPasmTb B

TepMmuHaAX KoadurmenToB nporecca AR(2) u cBecTn K 3-M CJIeAYIOLIMM HEPaBEHCT-

BaM: o +a, <l o —a, >1;

052‘ <I.

IIpenmosioyknM, 9TO yCJIOBMA CTAIMOHAPHOCTM BBIIOJIHEHBI, M TOTAa MMEIOT CMBICT
MaTeMaTH4decKMe OMKUOAHMA OT JIEBOIM M MpaBolf dacTu IIocile YMHOMKeHMA MX Ha X B
KaKof-TO APYroli MOMEHT BpeMeHM. YMHO)KaeM Ha X, i, u mogydaem: L{X,  -X,}. Ilo-
CKOJILKY IIpollecc cTalliOHapeH, ero MOYKHO NPeACTaBUTE B BMJE B3BeIIEHHON CyMMEI
TEKYILero ¥ NpeIbloyIMX 3HadYeHni Oejoro mryma (mexommosuima Boawzna). Coenosa-
TeJIbHO, MaTeMaTH4eCcKoe OXKIIaHne Ipollecca paBHo Hymo, n L{X, ;- X,} paBHO aBTO-

koBapuammu y(l). JlaBarliTe Bce samuilleM cpasy B TepMuHax y . Ilomydaem:

BX - Xg=rD=ayO)+ay(=D.

IlockosBKRy aBTOKOBapMAIlMOHHAA (PYHKIMA CUMMETPMYHA, TO 3HAK «MMUHYC» MOYKHO 3a-
MEHUTDL Ha 3HAK «ILJIIOCY.

T
Ilepeiinem K aBTOKOpPPENALMOHHON (PyHKIMN: P(T) :%. Wnorpa ee obosnayga-
4

foT act. Ilonydaem OoJsee ymoOGHoe coorHomienue: p(l)=a, +o,p(l). Jna ynpolierns

sanmcy OyzieM MCIIOJBL30BaTh MHIEKC BMECTO apryMeHTa Yy aBTOKOBAapPMAIMOHHOM M aB-

o

1

TOKOpPpeNAlMOHHON dyrKImMit. OTcioga caexpyer, uro p(l)=p, = 1 . B pesyaeraTe
2
0512

aHaJIOTWYHBLIX AelicTBUII mosydaeM: p, = p(2)=a,p, +a, = 1 +a, . IIpu ymMHOMeHUN

2
Ha AX;_3 rmoJy4yaeM: 28 =O£1p2+062p1. Ecom  Tax neJiaTe JaJiblile, TO IIOJY4YMM:



102 SKOHOMMWYECKNI JXYPHAJ BIID Ne 1

P, =0p, TP, ,. OTO TO, UTC MBI OTMeTMJM B IIPOLLIONH JeKIMM B oblleM Bufe,

HauMHAA ¢ HoMepa OoJblllero, 4eM p, 3HAUEHMUS aBTOKOBAPMAIIMOHHON (DYHKIMM [TOLUIM-
HAIOTCA PasSHOCTHOMY ypaBHeHMIO. COBOKYIIHOCTE TaKMUX Pa3HOCTHBIX ypaBHEHWUIT NJIA
BHaYEHUI aBTOKOPPEJAIVMOHHON (DYHKIMM NIPM Pa3JMUHBEIX /7 HOCUT Has3BaHUE ypaBHe-
uuit Ona-Yoxepa (Yule-Walker equations). Pertienne ypaBHeHMA B ciydae pPasHBIX IO

BeJMuUMHe KOpPHeit nMeer cuepytoumit sup: p, =C (7)) +C,(z,)", toe mu n, — xa-

pakTepucTudecKkne KopHM. 1A cOBIAAIIMX KOPHEH pellleHne uMMeeT BUI!
n n
P, =C ()" +Cyt(m)".

Wcxons 3 ycioBuil cTalMoHAPHOCTYM, KOPHM II0 MOAYJII0 MeHBIIle 1, pellleHMe PasHO-
CTHOT'0 ypaBHeHNS YyCTONYMBO, I03TOMY 3TO BhIpaskeHHe s3aTyxalolllee. Ecm 7, u 7,

JleJiCTBUTEJILHBIE YMCJIa, TO BCe 3allMICAHO B TePMMHAX elicTBUTeNBHBIX unces. Ecim
KOPHY KOMILJIEKCHBIE, TO TOTZa OHM 00A3aTeJBHO KOMILJIEKCHO COIIPSAKEHHbIe, U IIOMMMO
CTEIlEHM B KaKIOM M3 CJaraeMbIX II0ABJAETCA COMHOMKUTEJNL B BUE KOCUMHYyCA WU
cHUHyca HeKoero aprymeHTta. Ho xapakTep acuMITOTHYECKOrO IIOBENEHMA PelIeHUS OT
3TOr0 He MeHAeTcHd BbipaskeHMe B CTEIIEHM 71 — 3TO MOZYJbL KOMILJIEKCHOTO 4MCJa, U
ecJy OH MeHBIIle 1, TO BCce PaBHO 3TO OyAyT BaTyxalollie SKCIIOHEHTHI, HY, MOKET
ObITE, YMHOKEHHBIE Ha CMHYCHI M KOCHHYCHL UTOOBI ollpeneMTh 3HAYEHMA HeoIpeie-
JaeHHBIX KoHCTAaHT C; M Cy, HAM HY’KHBI Ha4daJbHbIE YCJOBMA. YiKe YIIOMMHABIIIECH
«HeCTaHAapTHLIe» ypaBHeHMA AJIA 3HAYEHMIt p, H p, CJOysKaT IJA MX onpeneneHnA Mul

BBIPASMJIM P, H p, dUepe3 KO3(GMUIMEHTHI HAIlleT0 aBTOPErpPeccHoHOT0 ypaBHEeHMS
o, o, . llpudeM MBI 3aMeTHJIM, YTO OHM BLIPa)KalOTCA He TaK, KaK BCe ocTaJbHEIe 3Ha-

YeHNA aBTOKOPPEJIALMOHHON (PYHKI[MM, KOTOPEIE OIIPEeN]IAIOTCA IIPOCTO oIl peryp-
PEHTHOI cXeMoii, pPaBHOCTHLIM ypaBHEHMEM.

Bo muOrMX yuebHMKax II0 aHAJIMBY BPEMEHHBIX PHAAOB IIPUBEIEHLI IIPVUMEpPHI
peasmzatmii mporeccoB AR(2) u cooTBeTcTBYyOIIME KOppesorpaMMbl. OFHAKO IIpU ce-
TOIHAIIHE) KOMIIBIOTEPHOV TeXHMKe Topaspo OoJiee cofep:KaTeNbHO IIOCTPOUTE 3THU
npumeps! camomy. Iloctpoiite, Hampumep, B Excel’e ¢ momoriso gaTumka IICEBAOCTY-
YaMHLBIX 4nces peasmsanmio nporecca AR(2) 1 — mo BbIIIEIpUBENEHHBIM (QopMyJIaM —
BHa4YEHUSA aBTOKOppesAMoHHol dyuKImu. IIpoBeanTe renepamyio 10—20 peasmsarmii,
IocJie 4ero M3MeHMTe 3HadeHMA IapaMeTpPOB o U Oy M IOBTOPUTE TeHepalMIO peasiy-
sanuit. OCHOBHOI BBEIBOJ, KOTOPEBIE MOYKHO clleJlaThb II0 pes3yJbTaTaM TaKOTO MOAEeJNpPOo-
BaHMA, COCTOMT B TOM, 4TO II0 peajM3alluM cJIydalfHOTO IIpoliecca BM3yaJbHO HUYETO
HeJb3A CKasaTb HM O €ro THUIle, HM O YMCJEHHBIX BHadeHMAX KoaddpuimenTos. Eciam B
Kypce SKOHOMETPMKM, HAIIPMMeEpP II0 IpauKy OCTAaTKOB perpeccuy, MOMKHO ObLIO che-
JaTh KaKoli-TO KadecTBEHHBII BBIBOJ MJIM IIPEAIIOJIOMKEHNMe 0 HAaJMYIMUK aBTOKOPpPeJIAIN
WUJIM TeTepocKeNacTUYIHOCTH, TO IIPK aHaJMM3e BpeMeHHBIX PANOB, KaK MPaBMJO, MBI 3TOTO
cllesaTh He MOYKEM.

Bepuemca k ofiieMy cTaloHapPHOMY aBTOPETPECCHOHOMY YPaBHEHNIO

X,y=o X+t X, +e.

Haumnas c #Homepa p+1 m pmajellle aBTOKOPpPeJNAIMOHHAA (PYHKIMA — CyMMa 3aTy-
XalolNX HKCIIOHEHT, MOKeT OBITH YMHOYKEHHBIX HA CMHYCBI, KOCMHYCHI MJIM IIOJIMHOMBI
OT BPeMEeHM, HO BCe PAaBHO 3TO 3aTyXalolllMe SKCIIOHEHTHI A I 3Ha4YeHUA C MHIEKCa-
MM OT 1 710 p HoJIyHaeM CJIENYIOUTYIO CHCTEMY yPaBHEHMI!
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N =0y oy tata,y
Vo =04y HoYg Ay,

Vp =00V p TV oty

Pasnenus Ha mucnepcuto, IOSyUMM CUCTEMY JIMHENHBIX YPaBHEHMUI OTHOCUTEJIL-
HO IIePBLIX p 3HAYEHMI aBTOKOPPENAIMOHHOM (dyHKImM. CileioBaTeNIBLHO, €CJM PAn
CTallMOHAPEH, TO 00A3aTeJILHO, HAUMHAA ¢ HEKOTOPOro MOMEHTA, aBTOKOPPeIAlMOHHAA
(PYHKIMA HaUMHAET 3aTyXaThk, KAK CyMMa KaKMX-TO SKCIIOHEHT, MOKeT ObITb YMHOKEH-
HBIX Ha CUHYCBHI ¥ KOCMHYCHL Eciy IoBefieHME aBTOKOPPEJIALMOHHON (PYHKIMM He Ta-
KoOe, TO OHA He MOJKeT ObITh aBTOKOPPEeJIAIMOHHON (PYHKIWIEN CTAlMOHAPHOTO IIpoliecca.

Y Hac NOABMJIOCH BasKHOE KadeCTBEHHOE pasjndie MeKAY CTAllMOHAPHBIM M He-
CTaIOHAPHBIM IIpolleccoM. Ecum mpoliecc crammoHapHbIi, 0yae oH AR(p), Oynb oH
MA(q), HauMHAA ¢ HEKOTOPOro MOMEHTa aBTOKOPPEeJAIMOHHAA (PYHKIMA HauMHAeT 3a-
TyXaTh MJIM COBCeM McuesaeT. Ecom ixe mmpoliecc He CTAIMOHAPHEIN, TO 3TO He TaK.

Hammm nBa npumepa nosBOJIAIOT NPUIATK ellle K CIeNYIOIeMYy BBIBOAY. flcHO, 4TO
IIOPAZOK aBTOPErPeccHoHOl MoZen MMeeT GoJbllioe 3HadeHMe. To ecThb [JIA HAC BasK-
HO, ABJAETCA MCCJeNyeMblf mpoiiecc mpolifeccoM Tuna AR(1) mmm tuma AR(2), Bemw
HaM HaJ0 ellle OlleHMBAThL KOd(ppuIMeHTs. VI 31eck Hac KAeT OUeHb HENPUATHOE OT-
KpblTHe. Ecam B MopensaXx CKOJB3AIEro CpefHEro ¢ — KadeCcTBEHHO ITOHATHBIM Napa-
MeTp, II0cJe KOTOPOro aBTOKOPPeJIAIMOHHAA (PYHKIMA o0pbIBaeTCA; TO B cJIydae Mofe-
g AR(p) Taxoro He mpoucxomut. IloaToMy XoTesock OBl IOJIYUMTH XapaKTePUCTUKY,
KaJeCcTBEHHO BeAyIIyIo ceDA CXOIHBIM 00pasoM, YKasbIBAIOITYIO HA TOYHBIM ITOPANOK p
aBTOPETPECCUOHHOTO YPaBHEHNUA.

Takxoil XapaKTePUCTUKON ABIAECTCA “ACMHAL ABMOKOPPeLAYUOHHAR PYHKYUSL
(partial autocorrelation function). CranmaprHasa anrymiickasa abOpeBuarypa — pact. B

1
WXZ)E{(XZ - )X, — W)} BXO-

IUT KOBapMalMa MeMIy BHaUYeHMAMM IIpollecca, OTCTOAIIMMY Ha 7 II1aroB II0 BpeMeHMU
Ipyr oT gpyra. OpHako Ha IoBeneHme Imporiecca AR(p) craTmcTmdueckm BJMAeT He
TOJILKO €r0o 3Ha4YeHMe B MOMEHT, OTCTOAIIMI Ha 7 €JVHMUIT Hasal, HO ¥ BCe IIPOMEXKY-
TOYHBLIE BHAYEHUA IIpollecca MeKIy MoMeHTamu ! u f-z IloaToMy MOYKHO IIOCTaBUTH
Ipyroil Bompoc. KakoBa JsmHeliHag cTaTHMCTHHYECKad 3aBUCUMOCTL MEMKIY 3HAUEHMAMM
mpoliecca B 9TM MOMEHTHI, €CJIM Mbl YCTPaHMM WMJIM 3JIMMUHMPYEM BJIMAHME BCEX IIPO-
MeKYTOUHBIX 3HadeHuii? KakoBa «umcrad» B3aMMOCBA3L MEXKIY 3TUMM 3HAYEHUAMM?
To ecTb, ecay MBI yiKe YUJIM BIMSAHNME BCEX IIPOMENKYTOUHLIX 3HAUYEHMH, TO KaKoe IO-
IIOJIHUTEJILHOE YacTHOe BJMAHME OKasblBaeT 3HaudeHMe MoMeHTa f—7. Koaddpuiment
KOPpeJIAIMY NPY 3JIMMUHVPOBAHNUY IIPOMEKYTOUHLIX SHA4YEHU HasbIBA€TCA HacCTHLIM
K03 pUIMeHTOM Koppessalun. B Kypce SKOHOMETPUKM [107100HAA KOHCTPYKIMA BCTpe-
4aJachk IIPY PAcCMOTPEHNM MBJUIITHKUX M He BRJIIOYEHHBIX B MOJeJb IIepeMeHHLIX. Pac-
CMaTPVBAJIOCH BJIMAHME IIOCJIeAHEN H00aBJIEHHOI ITepeMeHHOI C yIeToM TOr'o, YTO BCe
IpesbIoYINe yiKe BRIOUEHEL

ObGosHaunuM 4depes ¢, — k-e 3HadUYeHMe YaCTHON aBTOKOPPENIALMOHHON PyHKIIMN.

olpefiesIeHye aBTOKOP PEJIAIMOHHON (PYHKIMKY p(7) =

IIo onpenenenmio ¢, — 5To KoabUIMEHT Koppeaauy Mexay X,  u X, (M mexny

X, N xl) 3a BBIYETOM TOM HacTU X KoTopas JUHeHO o0BACHeHA IIPOMEKYTOYHBIMNU

t
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X e
MUMALBHBLM AUHEUHBLY NPeOUKMOPOM, €CJIM OHA peasnsyeT MMHUMAJLHYIO CpelHe-

KBaJpaTUYHYH OMMOKY IIpeficKasaHus (IporHosa) x,. Bosee crTporo, Hac uMHTepecyer

JaTaMi X, , X, ;- OTa oOBACHAIONIAA JMHelHasd KOMOMHAIMA Has3bIBAETCA On-

K03 (PUIMEHT KOPPeJIAn
Corr(x; =P 1 = Prea¥ea =~ P Xe k1% 1) >
TOE @ps Prase-s Py — KODIPOUINMEHTHI JIMHeNHON KoMOMHaIMM, obecriednBaroIell MUHA-

MaJILHYIO CPeHEKBaIpaTUYIHYIO OLIMMOKY ITpeiCKasaHnsa

. 2
Minf{(x, = QX ) = @poXy 5 = = P X )7}

OTO BBIpa'KEeHMEe AHAJIOTMYHO I1eJIeBOM (DYHKIMM MeTOoZa HauMEeHBIIMX KBaJApaToB C
3aMEHO} CYMMMPOBaHMA 10 HAOJIOLEHMAM Ha B3ATHE MATEeMaTUYECKOTO OMKMIAHNA.
Vcromblil K0a(pOUIMEHT KOpPesAlny MeKIY OITHMMAJLHBIM JMHENHBIM IIPeIVKTOPOM

U X, , ABIAETCS IPOCTO Ko2(pMUIMEHTOM TeopeTHHecKol perpeccum NpeAMKTopa Ha
x, ;. Ho Torma oH ABiAeTcAa KoapUIMEeHTOM IIPM IOCTeNHEM perpeccope B cleayio-
el TeopeTUHIeCcKoll pPerpeccum X, = @, X, | +@,X, , +..+ @, X, . +&,. Perpeccus crpo-

UTCA Ha Kk NperbIAyIMX 3HAYEHMII IIpoliecca, ONpenesdioTcsa bk Kod(UIMEeHTOB, HO
COOTBETCTBYIOIIlee 3HAUEHME YACTHOM aBTOKOPPENALMOHHON (PYHKIMM NaeT JIMIIL I10-
caenHUI KoaddpuimeHT 3Toi perpeccun. IloguepkHeM, UTO pedb MAeT He O BBIOOPOU-
HOJ, @ 0 TeOPEeTUUIECKO!l perpeccuis, ToO ecTh 00 YCJIIOBHOM MaTeMaTUYECKOM OMKWIAHMIL
Kpome Toro, cienyer mmeTks B BUAY, UTO 3Ta perpeccus He CBA3aHA C TeM, OIIpeAesd-
eTcsA JIM IIpoliece aBTOPErPECCHOHLIM COOTHOIIeHMEM MM HeT. O4eBNIHO, UTO €CJIM JC-

cJIeflyeMblii Ipoliece MpuHamIexuT K Buny AR(p), o ¢, =« . Bojee Toro, ansa Tako-

ro IIpoIlecca TeKylllee BHAUEHMe ONTUMMAJBHO (B CMBICJE COPMYJIMPOBAHHOTO KpPUTe-
pusA) BeIpalKaeTcsa depes POBHO p MPEeILIAYINMX 3HaUEHWi, U ydeT OoJiee paHHMX BHa-
YeHMI ysKe He MOMKET YJYHYIIMTL IIPOTHO3. JTO O3HAadaeT, uTo AiA mpolitecca AR(p)

@y =0 mpu k> p. Jasee MBI [OJNydMM STOT BavKHEMNIMI pesysnbTaT M3 ypaBHEHMI!
IOna-Yoxkepa.

PaccvoTpuM HECKOJBKO IIPOCTBIX IPMMEPOB pacdeTa 3HAYEHMI YacTHOM aBTO-
KOPPEJIAOHHON (DYHKIIN.

IIpoyecc AR(1). X, =aX, | +¢,. PacemoTpum perpecento: X, =@ X, | +¢&,. YMHO-
JKaeM ypaBHeHMe Ha X, |, OepeM MaTeMaTHuecKoe OKMIaHMe OT o0eMx dacTell ¥ JeluM
pesynnTaT Ha ¥(0), momydaeM: p, =@, =« , TaKk KaK MaTeMaTHIecKoe O)KMaHMe IIPo-
Itecca paBHO HYJIO.

HT00bI HOTYUUTE (,, , CTPOUM TEOPETUHECKYID Perpeccuio

X=Xt X, e
Kakx m panbine, ymHO:Kaem obe wacTn Ha X, {, OepeM MaTeMaTHdecKoe OKMIAHNE, Ae-
B{X,-X,}
7(0)

2 HEeU3BECTHLIX! Doy HPys . HyDKHO IIOJIY9IUTE e€llle OOAHO COOTHOIIeHue, YTOOBI orpene-

gum Ha y(0). Ilonygaem: = P, =@y 1+ ¢y, p; . B 3T0 coOTHOLIIEHNME BXOIUT

JuTh ux. ITosToMy yMHOKaeM oOe 9acTy MCXOJHOTO ypaBHEHMA Ha X; 9 M IIPOMBBOAUM
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Ty e camyo omepauuio. llonyunrea p, =@, p +@,,. llorydaem cucremy ABYX Jm-
HelHBIX ypaBHEHMI OTHOCUTENBHO ¢, H(,,, a K03(hUIMeHTE] 5TOM cHUCTeMbl ypaBHe-
HMIT BBEIPasKeHEl Jepes p, U p,, CBA3E KOTOPLIX ¢ KoadhpuIlMeHTaMy MCXOJHOTO ypaBHe-

HUA IIpollecca HaM ysKe MaBecTHA. JpyruMm cjioBamy, HAIll IIOAXOJ laeT CBASL MEMIY
KO3(ppUIMeHTaM) aBTOKOPPEJIAMOHHON (ODYHKIIMM M HacTHOM aBTOKOPPEJIALMOHHOM
dyarmmm. B manHOM ciydae y Hac Bcero JBa yPaBHEHMS, MOYKHO peIaTb MX II0-
pasHoMy. Ho, BooOille roBops, Hac MHTepecyeT TOJILKO OIVH €IMHCTBEHHBIN K03(dhu-

LMeHT ¢,,, I03TOMYy HauboJslee B3KOHOMHO OyAeT MCHIOJIb30BaTh IpaBuio Kpamepa.

L p
AP

Cl-p

JIALMOHHOI (DYyHKIMM, TO OHO MeHBIIe 1, To ecTh B 3HaMeHaTejse () He Oyzer. Jua mpo-

at—a?
2

1-p

IIJIH TOTO YTOOBI IIOCUUTATL P33, SalmmeM TeOpeTUHdecKylo perpeccuto

Py . RCTaTI/I, O6paTI/ITe BHUMaHNe, IIOCKOJIBKY 0O — 9TO 3HaUeHMe aBTOKoppe-

recca AR(1) p, =a; p, =a’. IlosTomy: ¢,, = =0, KaK MBI 1 OVKMJAJIL

X, =0 X, +9,X, , +9; X, . +¢,. AHaJOIMYHO MPeIBINyIIEMYy [IOJydYaeM CUCTeMY

ypaBHeHMUIL!

P =03 1+ @00 030,
P2 =P P31+ 055
Py = PP PP P30l

BHoBE Hac MHTepecyeT TOJIBKC KoadppulMeHT ¢@,,. Bocmonbsyemcs NpaBUiIOM

RpaMepa, HO, BOOPYJKEHHBI€ OIIBITOM IIPeAbIAYINero, cuuraeM TOJIBKO OIIpeneJimMTeJib B
qucJmTeJie.

Lopop
A=lp 1 p,l.
Pr PP

Temneps MOMKHO BLIPASUTH OIpPefeNNUTeNb B UMUCIUTeJe AJA IIPOMSBOJBHOTO K.
Cucrema JMHENHHBIX ypaBHEHMH, CBASLIBAIOIAA 3HAUEHNA aBTOKOPPEJAIVOHHON M da-
CTHOJ aBTOKOPPEJIAVOHHON (OYHKIMI, (haKTHHecKM HABJIAETCHA CHCTEMON YpasHeHUul
FOna-Yoxepa nna TeopeTHHecKol perpeccuy ¢ HEMBBECTHBIMM M ITOJIEKAIIVIMY OIIpe-
JleJIEHUIO0 3HAYEHUAMN HacTHOM aBTOKOPPEJAMOHHON (PYHKIMN!

P =Py I QP PPy T Py Py
Py = PP+ Py L@ py T PPy

P =P Pr T P2 Prn T Piy Pzt P oL
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Vlcxkomunt onpenmemuTent MMeeT BUL!

R
A, - p‘1 I ... - p‘2 .
pk71 see see see pk

Ha riaBrO! nmuaronasm Bce 3JeMEeHTHI KpoMe IlocjenHero 0yayT paBHbl 1. CBA3E
MeXXIy KoadpuimeRTaMu @, U pO),...0, , TO €CTh MeMIY aBTOKOPPEeJANMOHHON 1 a-

CTHOJ aBTOKOPPEJAIMOHHON (PYHKIMAMM, BLIPAKAETCH CJENYIOUIMM COOTHOLIEHMEM!

A
_ "k _ .
P = A rge A orpeneJnTeJb CUCTEMEBI YPaBHEHUN

Lopo P P
r ... .-
A= e
Doy e e e 1

3Hag KO3(PPUIMEHTE aBTOKOPPEJIAIMOHHON (DYHKIMM, MOYKHO II0 YPaBHEHMAM
IOna-Yokepa nepecuntaTh K03(p(PUIMEHTHI YAaCTHON aBTOKOPPEJALMOHHON (PYHKINM,
¥ HaobopoT.

IlocmoTpum, vemy Oymer paBHO As. Hua caysas AR(1) nosydaem cienymollee
BBIpasKeHue!

1l a «
a 1 &?*=0.
a’ a o

OnpepnennTens, KaKk M OKMUAAJIOCE, paBeH (), IIOTOMY YTO TpeTHil cTOJOel] IIPOoIIoPIIMo-
HaJIeH IIepPBOMY, IpPUYeM KO3(P(UIIMEHT IIPONOPIMOHAILHOCTY paBeH Ko3puieHTy
ypaBHeHUA Ipoliecca. Ecay cuntaTh deTBepToe, IIATOE U TaK Jlajlee 3HAUEHMA YacTHOM
aBTOKOPPEJAIMOHHON (pyHKIMM, To Bce oHM paBHBI (. IloaTomy mnsa mporecca AR(1)
BHAYEHMSA YaCTHOM aBTOKOPPEJIALMOHHON (ODYHKIMM, HauMHa#g CcO BTOporo, paBHBEI (.
Ilonyuen mHIMKATOP TOroO, YTO MCCJAENYEMBIN IIpoOllecC TOYHO SABJISAETCH IIPOIECCOM
AR(1).

B obmiem coyuae mporiecca AR(p): ecsm k>p, TO wncio cToJOI0B B OIIpeAeuTe-
Je A, OoJsibllle, YeM IOPANOK aBToperpeccuy. B aToM ciydae pasHocTHoe ypaBHeHHe

IAA p,,...p, TOKa3LIBaeT, UTO HauMHAA C k>p, KaxIoe p BhIpaskaeTcA OOHON M Tol e

JVHENHON KOoMOWHaIMel Npeablnylnux sHadeHMi. Kax TOJIBEKO 4Mcio cToJIONoB Gosblile
P, TO KasKIBIL cToJIOEI] ¢ HOMepOM OOJIBIIIMM £ ABJISETCA JIMHEHOV KoMOMHaIMel mpe-
OBIAYIIMX cToJ010B. IIpuiemM KoappUIMEHTEI 3TOM JIMHEIHHOM KOMOMHAIMM — 3TO KO-
oppurmeHTEl ypaBHEHNUA MpoLlecea o, &,,....& , . Takum obpasom, mocsefunii crosbdery

BCETZA €CTh JMHeNHasa KOMOMHAIMA p MPeAbIAyIINX CTOJOI0B, KaKk ToJbKo k>p. IToaTo-
My OIIpeeJIUTeN]b TAaKOM MaTpHUIbl 00A3aH 00paTUTHCA B HYJb.
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OO0t BBIBOA: YacTHAA aBTOKOPPEJIAIOHHAA (PYHKIMS aBTOPETrPEeCcCHUOHOTO ITPo-
necca AR(p), paBra 0 ansa k>p, 1, Boob1ie roBops, He paBHa 0 mpu k< p.

B pesysbTaTe uacTHaA aBTOKOppeNALMOHHAA (PYHKIMA AJA nporecca AR urpa-
€T TOYHO TaKylO jKe KadeCTBEHHYIO POJib, KaK aBTOKOPPEeNAIMOHHAA (PYHKIMA AJIA IIPo-
necca MA. Ona obpalraerca B HyJb, KaK TOJILKO k>p. MBI 3To goKasaym B o0lleM crydae
¥ MIPOAEMOHCTPMPOBAJN Ha IIPOILleccax IIePBOTO M BTOPOTO IOPAAKA.

Teneps nenmaeM cuexmyroumii mar. Ilepexomym K KOMOMHAIMM ABYX Pas3JIMYHBIX THU-
noB mporteccoB AR(p) m MA(q). PaccmoTpum ob61mmif mporiecc aBTOPErpeccuy-CROJbL35A-
1ero cpefHero, KoTopblii HocuT HasBaHue: ARMA — aemopezpeccus-ckoab3aee cped-

nee. MBI Ha3oBeM Tak IIpoLlece cJefyiolero Buja: « (L)X, = p , ()&, wm B pasBepHy-
ToMm Buge: X, =a X, +~~~+O‘sz7p +e, + B, +"'+ﬂqgl—q .

BriBenem yciaoBusa crarmonapHocTu nporecca ARMA. Mel yoske ycTaHOBUIM, UTO
ecyyt Bce KOPHM IIOJIMHOMA ¢ (L) IO MOAYJIO MeHbIlle eNVHHIIBL, TO CYLIeCTByeT 06-

paTHEIA omepaTop, i MBI MOXeM samicaTs! X, =[x, @1t p (L), - ObpaTHBI olepaTop

MOYKHO PaBJIOKUTL B CYMMY 3JIEMEHTAPHLIX Ipobelf, Kaskaylo MPefcTaBUTL KaK OecKo-
HeYHO yOBIBAIOIIYIO IeOMETPUUIECKYIO ITPOTPECCHIO, TO €CTh OeCKOHEYHLIN OlIepaTOPHEIN
nosmmHOoM. IIpy yMHOMKEHMM Ha KOHEYHBINM IIOJIMHOM Mbl IIOJIYYMM BHOBL O€CKOHEYHBIN
IIOJIMHOM. BEIpaskeHMe MMeeT CMBICI, €CJM BCe XapaKTepUCTUHecKye KOPHY IIOJIMHOMA
o (L) TIO MOIYJIO MeHbIlle eIVHNMIBL A TOTZa IOJIyYeHHOe BhIPasKeHMe ABJIACTCA Pas-

JoskeHMeM Boibga, M Ipollecc craloHapeH. To ecThb BesA 3Ta IfelloYKa IPUBOIUT K
TOMY, 4YTO cmayuonaprocms npoyecca ARMA onpedeasemes moavko ezo AR-uacmubro.
IloaTomy ycsoBuA Te ke camble, uTo y Ipollecca AR. IIportfecc ARMA cranmoHapeH,
ecJM KOPHU XapaKTepHucTHIecKoro ypaBHeHMsa AR-dacTy Io MOAYJIIO MeHbIlle eIUHM-
upl ToduHO Tak e, Yycioeus o6Pamumocmuy npoyecca, ToO eCTh BOSMOMKHOCTL BEIPASUTH
& 4depesd X, TO eCThb CyllleCTBOBaHIMe BRIPaKeHNA' &, :[ﬂq(L)]flap(L)X ;» NOAHOCTMBIO

onpedeasromes ycaosusamu oopamumocmu MA-vwacmu. Ecou MA-gacts ofpatuma, To
M Bech ITpoliecc obpaTyM.

Urax, ecom mporrece ARMA crammoHapHbI, To oH MMeeT obasaTensro MA(w)
IpesicTaBJeHNe, KaK JI000I CTallMOHapHLIN IIpoliecc IIo TeopeMe Bousbga, HO OH MMeeT
¥ KoHeuHoe mpencraBienne ARMA(p,q). O mokeT uMeTth elrle U OecKoHeuHoe AR(w)
npesncraBienne. To ects MbI BuauM, uTo ARMA(p,q) MokeT ObITE OUYeHL YZOOHBIM
IIpeJicTaBJEHMEM OIHOTO M TOTO sKe IIpoliecca. IloaToMy, ecam MOYKHO «COTHATB» IIPO-

necc B ARMA, To oH olIpefesnseTca Bcero p+q napaMeTpaMu.
OueBUIHO, YTO MaTeMaTUUeCKOe OKMIaHMe cTallioHapHoro npoiecca ARMA pas-

HO Hyso! E{X,}=0.
YT00BI BBIACHUTEL, KaK BeleT cebA aBTOKOPPESIALMOHHAA M JacTHAdA aBTOKOppe-
JArmonHan yHKImu mIpoliecca ARMA, HayHeM ¢ IpOCTOif cuTyalmm, a MMEHHO C IIpPo-

mecca ARMA(1,1). B onepaTtoproit samen: (1-al)X, =(1+ fL)g, , nnu B oOBINHOM BUIE!
X, =aX, | +e, + fs,_.

YcsoB1e cTallMOHAPHOCTY NPMHUMAET BUJ, ‘a‘ <1, ycnoBue obpatmmocTy — ‘ ﬁ‘ <1.

g BRIYMCIIEHMA OUCIepcuM IIpollecca ynobHo mcrosb3oBaTh MA(w) mpencraBieHue,
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COOTBETCTBYIOIIIEE TeopeMe BOJII:,Z[a, TaK Ha3bIBaeMoO€ IIpeacTaBJICHME JIMHEHOTO (bMHBTpa.

;= tﬁ g, =1+ L) +al +a’L* +.)e, =[1+ (@ + )L +a(a+ L’ +..]¢, .

2 2
Torma Var(X,)=(1+(@+ B +a*@+ p)* +.)0 =1+ &30 o2 14 BT +20p oo

l-« l-«

YT00BI ITOCYUTATE IIEPBYIO aBTOKOPPEJIALINIO, YMHOKIUM BRIpasKeHUe
X, =aX, |+, +f, | HA X, |
¥ BO3BMEM MaTeMaTudecKoe okuzanye oT obenx dacreil. Ilomyunm
v, =y, + fCov(e, 1, X, ).

YMHOKMB BbIpaskenne X, | =oX, ,+¢, |+ fs, , Ha £, U B3AB MaTeMaTHIeCKOe OMIM-

-1
namme, nogydaem Cov(e, |, X H):052. Ilocne momcramoBKM moMy4aem y, =ay, + ﬂag.
7 _ @+ p+ap)

Yo o 1+ B +2ap

Ilocnenyromme sHaYeHMA aBTOKOPPEJIALMOHHON (PYHKIMM IIOJIYUMTH Ipolre. Ec-
JM yMHOEMTE X, Ha X, , U B3ATb MaTeMaTHdecKoe OXKMJaHMe, MOJYUMM: ¥, =y, .

OxoHYaTeNbHO! P =

s Bcex BHadeHMIT ¥ ¢ MHIEKCOM OOJBINMM, deM Iopanok MA-uacTu, IosydaeM, HUTO
U3 paBeHCTBa Y, ,, =&y, CJeIyeT PaBeHCTBO p, ., =ap,. 10 eCTk MBI MOJYIMJIN TO JKe

caMoe COOTHOIIleHUe, KOTOpoe uMesn AJA «umucTol» Mmomesn AR(1). Me1 HasbBaum 3To
ypaBHernamu IOma-Yokepa 0Ji aBTOKOPPENAIMOHHOM pyHRIMM. JpyruMy cjioBammu, MbI
YCTaHOBMJIM, YTO, HauMHafA cO BTOpoH, aBToxoppesnaumyu ARMA(L,1) BenyTr ceba Tax
JKe, Kak aBTokoppesaimu AR(1), Ho mepBhle aBTOKOPPEJIAIINM STUX IIPOLIECCOB pPasy-
qaTCA.

Hns AR(l), aBTOKoppenALMM MMeJM BUA p :ali. Ona mporecca ARMA(L,1)
_(a+ /(A +ap)

p#Eay, pp=——————_ OfHaKo, HauUMHAA CO BTOPOrO HOMepa, SHA4eHNs aBTOKOP-
1+ 87 +2af

peNIAIMOHHOM (PYHKIMM BCe PaBHO YOBIBAIOT SKCIIOHeHIMaNbHO. [a nporecca ARMA(p,q)
CIIpaBel/IMBO aHAJIOTMYHOE YTBEPKIEHNe, ecyM, KOHETHO, Ipoliece cTaloHapeH. IlepBrle
p BHaYEeHUI! aBTOKOPPEJAIMOHHON (PYHKIMM OIIpeesAaloTces Yepesd KoaddpuimenTtsl AR
n MA-gacTell, a IOTOM 3Ha4YeHUA aBTOKOPPEJALMOHHON (PYHKIMM BBIPAsKAIOTCHA B BU-
Jle CyMMBI 9KCIIOHEHIMAJIBHO 3aTYXalolNX CJaraeMblX. BEIBO OdYeHb BalKeH AJIA JAJb-
HeljIlIero.

s nporecca ARMA(p,q), IPpMMeHAS TOT »Ke MeTOJi YMHOYKEHUA YPaBHEHWUSA IIpo-
Ilecca Ha 3HAYeHMA X, ; U IOCJIeIYIOIIero B3ATHA MATeMATUIeCKOro C/RMAAHMS, ITOJTy-

UMM, UTO JJA K >max(p,q+1) aBTOKOppesAIMM p, ONpefesATCS PasHOCTHBIM ypaB-
HeHMeM, COOTBeTCTBYIOUmMM AR-49acTu. A Bce IpefbIAylMe 3HAYeHMA O, MOTYT OBITH

BBIPaYKEHLI depes Kod3(P(PUIMEHTEI al,az,...,ap,ﬁl,ﬂz,...,ﬁ KaK pelleHNUs cHMCTeMbI JIM-

q
HeJHBIX ypaBHEHMUI, ITOJIYIEeHHON criocoboM aHasormyuHbIM Iporieccy ARMA(L,L). Cue-
JI0OBaTeJILHO, HauMHaA ¢ HoMepa max(p, ¢ +1), aBTOKOPpeNAIMOHHaA (PYHKIMA «3aTyXa-

eT» B TOM e CMBICJIE, UTO M OJIA IIpoIecca AR. Taxum xe KadyecTBEHHBIM IIOBEeACHNEM
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XapaKTepusyeTca ¥ dacTHas aBTOKOPPeSAIMoHHaA (pyHKIMA rporecca ARMA(p,q). Mn-
TYUTHBHO TaKoe CBOMCTBO IIOHATHO. MbI roBopuim, uro 1 MA(q) aBTOKOPpPeJIALOH-
HasA (PYHKIMA AJA HOMEPOB, OOJBIMX ¢, IPOCTO paBHa HyJo. IloaTomy Bimsame MA-
yacTu Ipu k>q xak OBl IIpekpalliaeTcs, U Jajblie «paboraeT» Tonsko AR(p). Haobopor,
YaCcTHAA aBTOKOppeNAlMoHHaA (PyHKUMA aJa npotecca AR(p) ana k, Oonblimx deMm p,
paBHa HyJso. To ects AR(p) mepecraeT BIMATHL Ha YACTHYIO aBTOKOPPEJIALMOHHYIO
pyHEKIMIO, 1 ocTaeTca ToJbKo Bauaaue MA(q).

Pesrommpys, nomydaem, uTo ecsmn nporiecc otHocuTes kK Tty ARMA(p,q), To, Ha-
YMHAafA ¢ HEKOTOPOro HoMepa (IIpudueM 3TOT HOMepP BajsKeH, OH HaM TOBOPUT O BeJIMUMHE
P U g), ¥ aBTOKOPPEJALMOHHAA, 1 YaCTHAA aBTOKOPPEJAIMOHHAA (PYHKIIMM BenyT ceba
KaK CyMMa 3aTyXalOIlIMX 3KCIIOHEHT, €CJM PAL CTallIOHAPEH.

XoteJsiock ObI 00paTUTL BHMMaHME Ha ellle OAWH ITOOOYHEIN pesdysabTarT. s mpo-
mecca AR(1) mosydeHo BhIpakeHMe p; =« . CpaBHMM 3Ty IePBYIO aBTOKOPPEeJIAIMIO C

_ @+ pA+ap)

3 . B aaun-
1+ 7 +2ap

aHAJOTMYHON XapaKTepucTuroi mportecca ARMA(LL): p

HBIX (PMHAHCOBLIX pfAfax OBLIO 3aMedeHO, 4TOo, Kak IpaBwmwio, <0 u o >‘ﬂ‘. B arom

ciydae nepBasg aBTOKoppessimsa nis rnpoitecca ARMA(L,1) OyzmeT 3aMeTHO MeHBIIIe,
geM asd nportecca AR(1) ¢ Tem ke KoappuUIMeHTOM o .

IIpomreccsr ARMA, paccMmaTpuBaeMble O CUX IIOP, ABJAJMCHL CTPOTO HeZeTep-
MMHMPOBAHHBIMM, B HYacTHOCTM MMeJIM HYJleBOoe MaTeMaTudecKoe okmupanme. Ecim B

ypaBHenne mporecca ARMA o, (L)x, = p , (L)€, TonCTaBUTEL BBIpaXKeHne x, =X, —u, To

noayunm: o, (L)X, —p) = p ,(L)g,. PackpriBas CKOOKM 1 MCIIOJB3YS OYeBUIHOE paBeH-

CTBO ap(L),u =ull-o —a, —...—ap) :ap(l),u , TIoJIy4aeM ap(L)Yl = ap(l),u -i—ﬁq(L)gZ , Te
H_/

8

9 — HEKOoTopas KOHCTaHTa. Takum 06pa30M, BBeJJE€HMEM CBO6OI{HOI‘O 4JieHa B ypaBHEe-
HI€e MBI Y4YMTBIBaeM HEHYJI€BO€ MaTeMaTH4YeCKoe OKMIOaHue. Tor,ua MaTeMaTn4eCcKoe

OMKMZaHMe Ipoliecca OyneT paBHO i = . IToaTomy MBI MoskeM Oe3 roTepy OOIITHOCTY

o
o,

paccMaTpuBaThE IIPOIECC ¢ HEHYJIEBBIM, HO IIOCTOAHHBIM MaTeMaTUYECKUM OMKVMRHVEM.

Jdermusa 4

Temneps HaM OCTAJIOCH CHAeJIATh OOVH HeboJbImol mar. Mbl MOBHAKOMMUINCE C MO-
JleJbIo cTaipoHapHoro mporecca ARMA(p,q). B To 'xe BpemMs oAMH U3 IIPUMEPOB, KOTO-
PBIN MBI paccMOTpesy, ObLJI HeCcTaIMOHAPHBII paf ciaydaliHoro ouysknamnda. Ero ypamie-

uue umeso eun: X, =X, | +¢&,. Mbl Buziesn, 4To e€cJu B3ATE IePBYIO PasHOCTE, PaBHYIO
AX,=X,-X,, =(-L)X,, To ypaBHeHMe cBejleTcAa K cJjeaymoileMmy: AX, =y, =¢,. To

€CThb B II€PBBIX PaBHOCTAX PHAI CTAHET CTALMOHAPHBIM. OTO OBII IIEPBLIN IIpMMep, KOT-
Jla omepanyy B3ATUA PasSHOCTU IIPUBOAAT K CTAIMOHApHOMY pany. MoMKHO 3aMeTUTh,
YTO TaKOi IIOAXOA IMIPMBOAUT K CTAIlMOHAPHOCTM He TOJBKO cJiydaliHoe OJrysxaaHMe.
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Pacemorpum pan supma X, =a+ fi+ yt*+ g,. Ero IIOJHOCTBIO JeTepMMHMPOBaHHASA

YaCTb, TO, YTO MBI HaB8BaJM TPEHZIOM, ABJAETCA NapabosmuecKkoll (OyHKIMEN BpeMeHN.
OueBUHO, YTO BTOT PAL HecTalMoHapPHBIL MaTemMaTndueckoe oKMIaHMe 3TOTO IIPOIlec-
ca BaBMUCUT OT BpeMeHM. IIpuBoguTCcA JiM TaKOM PAXN B3ATMEM IIOCJEIOBATENBHBIX Pas-
HocTell K cranmoHapHoMy? Ecim MBI BOBbMEM II€PBYIO IIOCJIENOBATEJBHYIO Pa3HOCTH,
TO TIOJTYUMM!

2 2
AX, =a+pt+yt° +e,—a-pE-D-y(t-0)"-¢,,=F+2yi-y+(s,~5, ).
CreneHb MOJMHOMA, ONMUCHIBAIOIIEr0 TPEH, IOHM3MJIACH Ha emuamuily. Ecan mpoBecTu
B3ATME BTOPOJ pPasHOCTM, TO OCTaHeTCH AZXZ =AX,-AX, | =2y+(g, -2, +&,,,), TO

€CThb IIOJIYIMM CTallMOHAPHEBIA Ipollecc. IIpaBaa, Mbl BUAMM, KaK B YpaBHEHMe HaYMHAa-
eT «IIPOHMKATh» CKOJB3Alllee cpenHee. IlosydeHHBIT ABYKpaTHBIM B3ATHMEM pasHocCTel
CTalIOHAPHBIN IIpoIlecc ABJAeTcsa mporieccom MA(2). Ho, mo KpaliHe Mepe, B3ATHEM
HocJIe0BaTeJIbHBIX pPasHoCTell MCXOAHBIM pAf ¢ KBaJApaTUYHBIM TPEHIIOM IIPUBOIUTCA
K cTalMoHapHoMYy Bupy. IlogmeTus aTo cBolicTBo, Boke u Jskenxunce [2]3) mpemooxmim
BBIZIEJIUTE KJacc HecTalMOHAPHBIX PANOB, KOTOPBIe B3ATHEM IIOCJe0BaTeJBHBIX pas-
HoCTell MOYKHO IIPMBECTU K cTallMOHapHOMY BUAY, a MMeHHo K Buay ARMA. Ecin pag
riocJie B3ATUA d I0CTE0BATENBHLIX PAa3HOCTEN IIPUBOAUTCA K CTALMOHAPHOMY, TO MBI
Begsien 3a Bokcom u JIsxenxkuncom HasoBeM 3ToT pan ARIMA(p,d,q). Tak mpuuATO, 9TO
d BcraBiaserca B cepemnny. Cokpartenne I (or amrmmiickoro — Integrated) osmauaer
MHTEerpupoBaHHbli. Onepanmsa, odbpaTHad K B3ATUIO II0CIE0BATEIBHO Pa3HOCTH, — 9TO
cymMupoBaHue. BeckoHewyHo MaJsias pasHOCTL HasblBaeTca auddpepenimasom. Obpat-
HBIM Ilepexon oT AudpdepeHIata Ha3bIBAETCA MHTEIPUPOBAHNEM, M 3TOT TEPMMH MC-
nosb3yeTcA B abbpeBuaType mporiecca, X0TH MMeEeTCA B BUILY CyMMUPOBaHNIe.

ARIMA - mpollecc aBToperpeccuyt — MHTeTPUPOBAHHOTO CKOJIB3AIIETO cCpedHeTo.
IIpu atom p — mapamerp AR-wacty, d — cTeleHb MHTerpammu, ¥ ¢ — 9TO IapaMmerp
MA-uactu. B oneparoprom Buge ARIMA (p,d,q) sanucbiBaeTcs Kak:

a,(DAx, =B (L), .

WM no-gpyromy a, (L)(l—L)dxl = ﬁq (L)z,. OroT mpolecc HeCTallMOHaPHBIA, ITOTOMY

%,—/
p+d

4TO 37ech He BLINIOJHAETCA YCJIOBME, UTO BCe KOPHM XapaKTepUCTUUIeCKOTo YpaBHEeHMA
d
10 MOZyJII0 MeHbllle eauHuIEL Ho, ecmn obosmaunte (1-L)“x, =y,, To ), — 3To cra-
LIMOHAPHBIN IIpoliecc.
OcHoBHasA 3aciayra Bokca u [IskeHKNnHCa He B TOM, YTO OHM 3TO IIPUAYMAJIM, & B TOM,
4To OHM cAeJaJy 5ToT noxxon JeT 25—30 Hasaj BecbMa IIOIYJIAPHLIM M BBeJM B IIpak

TUKY NpPOTPaMMBbl AJIsT NPUMeHEHMA 3TOT0 IMOAX0Aa B KOMIIBIOTEPHBIN MaKeT HayYHBIX
nporpaMm Ajsa cucreMmsl IBM-360, pacapocrparensoii B 1970—1980 rr. mo Bcemy Mmpy.

Iloaxox Bokca-/I:xeaxunca

Jo cux mop MBI paccMaTpMBaJM cIydaliHble Ipoliecchl, B dacTHocT ARIMA, kak
HEKOTOPYI0 MaTeMaTU4YecKyHo KOHCTpyKUMio. IIpu MomemmnpoBaHMM 3KOHOMMYECKNUX IIPO-

%) Meproe uamanme 5Toi KHUIM BLIILIO B 1970 1. Briepsrie Monemy Tuna ARMA 6b1mu paceMor-
peHbI B [4]
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11eccoB MBI BCTpeuaeMcsa ¢ oOpaTHON cuTyalmel, Kora y Hac eCcTh peaymsalusa pAana,
¥ HaAO NIoAo0paThk COOTBETCTBYIOLIYIO TEOPETUHECKYH KOHCTPYKIMIO, KOTopas MOTrJa
OBl IIOPOIUTE TAKYIO peasM3allfio, TO €CThb IIOCTPOUTHL MOJEJb SKOHOMUYECKOTO IIPOo-
necca. Ilonssyace Tepmuuosaornent 1. Xenapu, Oyaem MHOTZa Ha3bIBATE TAKYI0 MOJENb
DGP (Data Generating Process). Boke u [I:KeHKUHC TIPENJIOKUIN CISOYIOUNI TOAXO0
K BbIOopy Mopmesn Tuna ARIMA no mabimonaemMoil peajmsalyy BPeMEHHOTO pAa.
IIpexxne dem omMchIBATB 3TOT METOM, HaZo BBeCTM ellle OAHO IIOHATHeE, KOTOpOe
HeoOX0¥MO MMeTh B BUY, 3aHMMASACH OLIEHMBAHMEM MJIM IIOOOPOM MOJIeNH, IIOPOK-
Jarolell peajln3alMio BpeMeHHoro pafa. Mbl roBopuJ, 4To cToXacTUHecKMIt Ipoliece —
3TO (PYHKIMA Kak ObI IBYX BeJIMUYMH: BPpeMeHM M ciydaiiHocTu. Korga cirydaifHocTh K-
CcHpoOBaHa, MBI paccMaTpUBaeM OOHY peasmsaunio. OJHAKO Bce HaIllM pacCysKIeHNs Ka-
caloTcsA XapaKTePUCTHK CAyYaliHBIX BeJIMUYMH, TaKUX KaK MaTeMaTHdecKoe OMKMIaHMe

E{X,} u gpyrue. OTo IoapasyMeBaeT, YTO B KayKIblii 3aJaHHBII MOMEHT BPeMeHM MbI

MMeeM BCIO T€HEPAJLHYIO COBOKYITHOCTE CJIydallHOM BeJIUMHEI, COOTBETCTBYIOIIYIO 3TOMY
MOMEHTY BpeMeHM. Bearuii pas ycpenHeHMe ueT II0 IIOBTOpAMOLelica BeIOopke. OnHAKO
B HallleM PaCIOPsyKeHMM — OfHAa eIMHCTBEeHHas peasmsaims. IloaTomy Jrobas cTaTycm-
Ka, ¢ KOTOpO} MblI OyJeM MMeTH [eJo, MOYKET MCIIOJbL30BAThL TOJBKO peasn3alliio, a He
IIOBTOPAIOLIYIOCA BBIOOPKY. EnMHCTBEHHOM, IO CyTV, BO3MOYKHOCTEIO OCTaeTCHa yCperHe-
HMe II0 peasmsaimy, 1o BpeMenn. IloaToMy HaM HY)KHBI OCHOBAHMA, YTOOBI CUMTATh, YTO
ycpenHeHMe II0 BPeMEeHM B KAKOM TO CMBICJIE SKBUBAJIEHTHO YCPEIHEHMIO II0 BCEBOMOIK-
HBIM BHA4YEeHMAM TIeHepPaJbHOM CcOBOKYIHOCTM. IIporiecchl, KOTOpble 00OJIAHAIOT TaKUM
CBOJICTBOM, Ha3bIBalOTCA apeoduueckumu (ergodic). HemocraTouno nna mporiecca OBITH
CTaIOHAPHEIM, BOOOIIle TOBOPA, HYKHO ellle, 4ToOLI IIportecc ObLn 3progudeckuM. MHorma
3TO CBOJICTBO Ha3BLIBAIOT CBOMCTBOM XOpOLIlEro nepeMenmBanyusa. Pasbpocannble B padble
MOMEHTBI BpeMeH) 3Ha4UYeHNS BPEMEHHOTO PAfA NOJIKHBI COCTABUTE TAKYIO jKe KadecT-
BEHHO BBIOOPKY, KaK IIOBTOPHAsA BLIOOPKA B OIMH ¥ TOT K€ MOMEHT BPEMEHIL.
9p20duuHocms — DTO CBOMCTBO, IIO3BOJIAIOLIlEE IS OLEHKY MaTeMaTHYECKUX OKN-
JaHWI MCIIOJB30BATEL YCPEeIHEeHNA 110 BpeMer (Mo peaymsanyy). Hanpumep, Mbl XoTHM
OLIEHUTEL MaTeMaTudecKoe oxyupanne. Mbl JOJISKHBI B3ATL BCEBOBMOKHbBIE 3HAUEHNA B
OIIMH ¥ TOT Ke MOMEHT BpeMeHM f. ¥ Hac Takux HeT. Ho y Hac ecTb BHaueHMA B Ipyrue
MOMEHTEI BpeMeHM. CBOJCTBO XOPOLIEro IlepeMelMBAHMA O3HA4YaeT, YTO ecJu y Hac
JIOCTATOYHO JJIMHHAA PeasMsaliis, TO MOYKHO 3aMeHNTL ycpefHeHMe II0 aHcaMOJIo, II0
MHOYKECTBY, yCpelHeHNeM II0 BpeMenn. [lys Toro, 4ToOBI CTAlMOHAPHBIN IIpoliece OBII

T
HPTOAMYHBIM, JOCTATOYHO BBHIIOJHEHUA CJIeAYIOLero ycjoBuaA [3] (Tflzyk)T—%m.
k=1

Mer BuayuM, uTo craumoHapHble nporeccsl ARMA(p,q) obsagaroT cBOMCTBOM 3prommd-
HocTu. HecTaimoHapHbI IIpollecc He MoKeT ObITk spromgmdeckmum. Ho He Beaxmii cra-
LMOHAPHBIN IIpollecc 3pProgudeH, XOTA AJA IMpaKTHMYecKUX Ifelell HaaudMe cTaljMoHap-
HOCTM HefIBHO ITOApasyMeBaeT 3ProgUYHOCTh. BalKHo MOHMMATL, YTO OJHON cTallMoHapP-
HOCTM IIpY CTaTHCTUHecKol 00paboTke peasmsaluii HeOCTATOYHO.

3agagy nocrpoeHusa momean Tuia ARIMA mo peamusaluu ciydaiiHoro IIpoliec-
ca Bokc n [IsxeHRMHC TPEIJIOKNIN PasbuTh Ha HECKOJILKO 3TAIIOB.

I aman

1. YcTaHOBUTE MOPANOK MHTerpanum d, TO ecTh AOOUTHCA CTAIMOHAPHOCTH Pa-
Ja, B3AB JOCTATOYHOE KOJIMYECTBO IIOCJIeNOBATEJILHBIX pasHocTel. Hpyrumm ciioBamu,
«OCTAILMOHAPUTELY PAL.
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2. Ilocne 3Toro MEI IOJydaeM BpeMeHHOM pAm Y,, K KOTOpoMy HYKHO H0[00-

path y:xe ARMA(p,q). Mcxonsa ns noBenenns aBToroppenaimonsoil (SACF) u gacTHOI
aBTOKoppesaimonHoi dyuximii (SPACF)Y, yeraHOBUTE apaMeTphl p U g.

I sran mpuuATo HaswbBaTE udenmugurayued modeasu ARIMA(p,d,q). OTo Beero
JIAIIE OIIpefieJieHue BeJIMYUH p, d, ¢, HO MMEHHO B TaKOM II0CJIe0BATEJILHOCTH CHaYaJIa
d, a moToM p u q.

II aman

OneHnBanme K03 PUIIMEHTOB al,az,...,ap,ﬂl,ﬂz,...,ﬂq IIPM YCJIOBUM, UTO MBI yiKe
3HaeM p u q.

IIT aman

CranpmapTHas AJA SKOHOMETPHUECKOro Iofxonaa Ipolenypa. Ilo ocrtaTkam ocy-
1IIeCTBJIAETCA TECTHPOBAHNE MJIM IUAaTHOCTUKA ITIOCTPOEHHOM MOJIEJI.

IV sman

WcnonssoBanne Momeny, B OCHOBHOM, JJIA IIPOTHO3MPOBAHNA OYLyIIMX 3HaUEHUN
BpeMeHHOTO pAfa.

Boxe n IixeHKMHC OPUMEHMJM 3TOT IOAXOM KO MHOTMM BpeMeHHBIM PAfaM, KoTo-
pble ObLIM M3BECTHHI B TO BpeMsdA, KaKk K (PMHAHCOBBIM, TaK M K MaKpPO3KOHOMMIYECKVIM.
IlpaBma, Hamo ckaszaTh, YTO MAKPOSKOHOMMYECKNE PAABI TOTZa ObLINM, B OCHOBHOM, KO-
porkue. Boke u xeHKMHC cMOINIM HocTpouTk Mofean Tuma ARIMA nna Bcex mccie-
JyeMbIX PAOOB M YCTAHOBMJIM, B HACTHOCTM, YTO MPaKTUYUeCKM Bce SKOHOMMUYECKUe IIPo-
11ecChbl OIMCBIBAIOTCA MOJEJIAMM C OTHOCKUTEJLHO HeOOJBIIMMM BeJMYMHAMM IIapameT-
poB p u g, a mapaMeTp d oObIMHO He IpeBbimaeT 2. K TomMy sXe OKasasoch, YTO TOY-
HOCTB IpoTrHo3upoBaHuA o mogenam ARIMA okasajack Brlllle, 4eM aBaJy B TO BpeMsA
SKOHOMeTpudecKre Mofean. Boke n JpKeHKMHC IPUJIOMKUIN MHOTO yCHJIMIA, TIpoIlaraHji-
pya ucnosnbzoBanue Mopesell Turia ARIMA, KoTophle faloT yA00HOe M KOMITAaKTHOE OIN-
CaHye O4YeHb MHOIMX IIPOLIECCOB.

Ecnm uccnenyemblil pAn HecTalMOHAPHBIN, TO €ro aBTOKOPPEJAIMOHHAA (PYHK-
1yA He Oyzer yorBaTe. Ecom pAzn cTallMoHapeH, TO Mbl 3HAeM, |TO, HAUMHAA C KAaKOT0-TO
HOMepa, TeopeTHdecKue aBTOKoppesiym OyayT yObmaTh. II0aTOMy MOMKHO paccumraThb
MX OLIEHKM — BBIOOPOYHBIE aBTOKOPPEJALNY, ¥ IOCMOTPeTE, YOBIBAIOT oM My HeT. Ecom
PAL OKayKeTcA CTAlMOHAPHBIM, IePelTH K ollpefleJIeHNIO IIapaMeTpoB p 1 q. Ecan Her,
TO HaJ0 IOCTPOUTE PAJ IEPBBLIX pasHOCTel U NPOBEPUTEL Ha CTAIMOHAPHOCTD €TO.

Pacemorpum, mampumep, npomecce X, =a X, +g,,g, ~ WN(0,5%) . IIpn a>1
B3ATHe IIepBOl PasHOCTU He IIOMOXKeT cleJlaTh PAM cTallMOHApPHBIM. OTO HecTaI[MoHap-
HBIN PAf BSPLIBHOTO TUIIA, OLIEHKM €r0 «aBTOKOPPEJAIMOHHOM» (PYHKIMM PacTyT C yBe-
JIMYeHNeM ciBura Bo BpemeHu. Ecom sxe o =1, To papn npezacraBisseT coboil ciydaliHoe
Oary:rpaHue ¥ TI0cJie B3ATUA II€PBOI PABHOCTY OH CTaHET CTAllVOHAPHBIM.

Hepexo,uMM K OLl€eHMBaHMIKO IIO BI:I60pKe CTaTUCTUYECKUX XapaKTEePUCTUK MCCJe-
AYEeMOTO IIpolecca B IIPEAIIoJIOMKEHNM €ro 3pTroguYHOCTH. B kagecTBe OILl€eHKM MaTeMa-

- 1JZ
TUYECKOTO OKMIaHMA IIPUMeHAeTCA CTaTUCTHMKa X :TZX ., TO ecTh OOBIYHOe cpef-
=1

4 S — or cnosa BeGOpouHbLL [ToaHasa abbpeBuaTypa oszHaudaeT Sample Autocorrelation Func-
tion 1 Sample Partial Autocorrelation Function coorseTcTBeHHO.
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Hee 110 BBIOOpKe. B KayecTBe OIeHKM AMCIIepPCHMM IIpoliecca OOBIYHO IPUHMMAETCA CcJe-
LyIolllasa BeauayHa: S 2= Tﬁlz(X =X ). ObpaTuTe BHMMaHNe, TeuTetb He (7-1), Kar

IIPUBBIYHO AJA 00paboTKy He3aBUCUMEBIX Habsromenwmit, a 7. s oneHkn KoadpdpuimeH-

T
PHC ISP COMESY
Ta TeopeTUHUeCKOl aBTOKOPPENAINM UCIONb3yeM F, = kil > . 910 03Ha-
T-S
4aeT, YTO JAJA pacdeTa BBIOOPOYHLIX KOBapMallMii JMCIIOJB3YETCA OAMHAKOBBIN Iesy-
Tesk — 7, 4TO, B cJiydae HEBaBMCUMBIX HaOJIIOZIEHNI, faeT CMeIlleHHbIe OLeHKM COOTBET-
CTBYIOILIMX TeopeTHdUecKUX KoBapuarmii. Ecam O6b1 MBI TpeGoBay HecMeIeHHOCTH Olle-
HOK, TO y Hac OblI ObLIM pasHble AeJUTeNM IpU pasianuHbIX k. Kpome Toro, mpn yBesu-
YeHUM k yMeHbIIaeTca 00beM BBIOOPKM, IPUTOOHBIN IJIA pacdeTa OLIEHKM COOTBETCT-
ByIOLIIero KoadpdpuimenTa Koppesaamym. Ha nmpaxkTure, 1o peKoMeHIaImu, UAYyIeii erre

oT Bokca un JsKeHKMHCa, He PacCUMTBIBAIOTCA OLeHKM F, AJdA k > T/4.

OpuuM U3 cyeAcTBUI BBIOOPa MMEHHO TaKMX OLIEHOK BHAYEHWUIT aBTOKOPPEeJIAL-
OHHOJi (PYHKITMM ABJAETCA rapaHTHPOBaHHASA IIOJIOMKITEbHAA OllPeeIeHHOCTL BEIDPOU-
HOJl KOppeJsIAlMoHHO) MaTpullbl. Panee MBI OTMedaJsy HaJM4uMe TAKOTO CBOMCTBA y Teo-
peTHYecKol aBTOKOppeAMoHHol pyHKImMN. IIpy oaMHAKOBOM JesuTese y OLIEHOK aB-
TOKOP PEJIALMOHHOM (PYHKIMM IIPK PasiIMUHLIX £ TIOJIOMKUTEJBEHAA OIIpeleJIEHHOCTE BBI-
GOPOYHON KOPPEJIALMOHHON MaTPUIBI TapaHTypoBaHa. 11oaToMy MBI TpeAIouITaeM ITyCTh
CMEILIIEHHYIO OIIEHKY, HO TapaHTUPYIOLIYI0 3TO CBOMCTBO. BO-BTOPBIX, IIPM AAIOJNHNUTENE-
HOM IIPEATIONOMKEHNI 0 HOPMAJILHOCTY paclIpefiesleHMsa 3Ha4eHMI IIpollecca MMEHHO 3Ta
OLIEHKA COBIIAIaeT C OLIEHKOM MeTo/a MaKCHMMAaJILHOTO IIpaBaoronoons. IloaToMmy MBI sKepT-
BY€EM BJleCh HeCMEIIeHHOCTBIO, TeM 0oJee, 4TO y Hac OObIYHO 7 — OTHOCKUTEJNHLHO OOJIB-
1oe, fobuBasAck 2-X Bellleil: 1) mpubmrKaach K MeTOLy MaKCHMAJLHOTO IIPaBAOIIoIo-
Ous, a OH 37ech OCHOBHON, OUeHb BasKHBIN MeTon; 2) HoOMBafACEH IIOJIOMKUTENLHON OoIpe-
JleJIEHHOCTY COOTBETCTBYIOIEN aBTOKOPPEJIALMOHHON MaTPUITLL OL[€HOK

B xayecTBe OLIEHOK HaCTHOM aBTOKOPPENANMOHHON (DYHKIMM ¢, IIPUHUMAIOTCH

BHa4YeHMUA BBLIOOPOYHON HaCTHON aBToKoppesarmonHoil dpyrrimm SPACF, xoTopsle mo-
Jy4alTcHd Kak Kod(UIMEeHTh! BBIOOPOYHON perpeccuy TEKYIIETo eHTPUPOBAHHOTO
BHa4YEHUA pAna Ha k ero IpenpIAyINX 3HAYEHU

X, ~X)=p (X, - X))+t (X, , —X)+s,.

RoadpdpuimenT ¢, mpu mociaefHeM UeHe M ecThb OlleHKa Ko3(puIMeHTa ¢,, YacTHOI
aBTOKOPPeJIAIMOHHOM (pyHKIMKU. To, 4To IOJyUYeHHAA OLleHKA OTpaskaeT cTaTUCTHUeC-
KYH0 JUHENHYIO CBA3h MEXAY X, U X, , , OIMIIEHHYIO OT BJMAHMUA IIPOMEKYTOUYHBIX SHa-

YeHWUI, MOATBEPIKAaeT 3aMedaTesbHadA TeopeMma Ppuina-Bay (1933), koTopas 3ariio-
qaeTcs B CJIeLYIOLIEM.
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Teopema Ppuma-Bay. Ilyets ¥V — obbAcHAeMaa mepeMeHHas, a o0BACHAIOIINE
IlepeMeHHBIe Pas3OMTBI Ha JBe TPymnel Xi,..,X,,Z;..Z,. O0o3HauUMM Uepes u,V,,...,V,

ocTaTEM MeTona HamMeHbImX KBazpaToB (MHK) ot perpeccuit Y, X 1»»X, COOTBETCT-
BEHHO Ha COBOKYIHOCTEL Z,,..Z;. Torga omenkyu MHK xoadduimenTos perpecceun u,
Ha V,,..,V, COBIIQJAIOT C OLIEHKaMM IIpK IepeMeHHbIX X,,..,.X, B perpeccun ! Ha BCHO
coBoKynHocTe X|,.,. X, Z,,..Z;.

B maTemaTuke MHOrMe pe3yJbTaThl MOYKHO BHIPABUTH B Pas/MUHBIX TEepPMMHAX.
Taxr Teopema Ppuina-Bay BrIpaaeT B TepMMUHAX KOI(PMUIMEHTOB pPerpeccuii IpocTo
dopmyry obparitennsa 6JI09HON MaTPULIBL

CeroiicTBa BLIOOPOYHLIX MOMEHTOR IpoIecca

IIJIH TOro, YTOOBI YCTaHOBUTH CBOJICTBa BI:I60pO‘-IHI:IX OLI€HOK, BBE€J€HHBIX paHee,
Tpe6yIOTCH AOBOJIBHO TPOMO3JKNME M yTOHUEHHBIE MaTeMaTUYeCKMEe BBIKJAIOKI. IToaTo-
My HanboJiee CJOYKHEBIE pesyJsbTaThl MBI IIPUBENEM Ges JoKa3aTeJbCTBA.

BI:I60pO‘-IHOe cpenHnee OYE€BMIHO fABJAECTCA HeCMeU_IeHHOIZ OLIeHKOIZ MaTeMaTu4de-
CKOTI'0O OKMIAaHMSA IIpoIljecca, €CJiM OH CTallMiOHapeH. Jlerxo BBIPaA3UTL OUCIIEPCUIO BBIDO-

_ T T T T i

. _ 2 _ 2 A _ el _|#]
pounoro cpepsero: var(X)=T ZZQ/|I_7]_| =T Z(T ‘1 ]‘)7/1.7]. =7 z q T )Y, -

i=1 j=1 i—j=—T k=-T

Ecnnm Teoperuyeckme KoBapuMalMu CTPeMATCA K HYJIO OpM yBeJaudeHuM k, TO
var( X )T—%>0, U Hallla olleHKa OyzeT cocTosTesbHoi. Ecam mpoltece X, ABIAeTcA
TayccoBLIM, TO M OLleHKa X paclpelelieHa HopMaJbHO. BoJiee Toro, arta olleHKa ABJIA-
I0TCA CyMMOJ CJydYalHbIX BeJU4MH, OoJiee MM MeHee OOJIBIIIOTO KOJIMYECTBA, M IIPU

KaKMX-TO JIOCTATOYHO cJIaObIX YCJIOBMAX B7eck Oymer paborats llemTpasbuas Ilpe-
nensHas Teopema (IIIIT). MoskHO cTporo MaTeMaTHdYeCK!M IT0Ka3aTh, UTO AJA IIpoLlecca

Tuna ARMA onenka X paclpefiesieHa acUMIITOTUYECKM HOPMAaJBLHO, HayKe AJA Hera-
yccoBa mpoliecca.

HOJIyLIeHI/Ie ACHMIITOTUYECKOrO paclipeneJieHNs OLI€EHOK ", COIIPSAMEHO C GoJBITIN-

MM MaTeMaTH4YeCKMMM BBIKJIAIKAaMM, XOTHA ¥ OCHOBAHO Ha TeX iKe MHedX, UTO M IIOJIy-
yeHHOe BbIllle. ChopMymMpyeM OCHOBHLIE pPe3yJILTAThHI 0e3 BbIBoja. Ecam Teopermndec-

1 .
K1e aBToKoppesamym p, =0 1maa Bcex k>0, Tovar(rk)T—%>T. O1o GoJilee TOYHHBIN
pesyJbTaT, dYeM IIPOCTO CKasaTb, UTo UCIIepcuA cTpeMuTca K Hymo [2]. M HaMm odeHb

1 y
Baj@{HO, 4YTO IIpU Gonpirx T AVICIIEpCHUS BeOeT Ce6H, KakK T . Bojyiee To4HBI pesyJsbTaT

as
s OosbIMx 7 TOBOPUT cJemyloIIlee! ﬁ -#, ~N(01). Ilpn mocraTouno Gombumx 1° 95-

IPOLIeHTHLIN JI0BEepPUTeJBHBIT MHTEepPBaJl cocTaBJfAeT * 2 cTaHAAPTHBIX OTKJIOHEHMUA.
Ecom mb1 xoTHM, Hanmpumep, nposepuTs runoresy Hy: p, =0 mpoTuB 00BIYHOIN aJbBTep-

1
HaTMBHOM TUIIOTESEI, HAAO0 TIOCHUTATE F, U IIOCMOTPETH, IIOIIAJIO JIMI OHO B +2—. Ec-

Jr
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JIn BI:I60pO‘-IHOe 3HavdeHue r, IolajaeT B 3TOT MHTEepBAaJ, TO TUIIOTE3y HO He oTBepra-

€M Ha YpOBHe BHAUYMMOCTU 5%, €cJM BBIXOIMM 3a Ty IPaHUITy, TO OTBepraeM. JTa
OlleHKa MOJKeT OBbIThH yJydllleHa. BoJsiee TouHaA acuMIITOTMYECKas OL€HKA AJIA IMCIIep-

CUM OLEHKM #, B IpPeANoJoKeHuM, 4To Bce p, =0 pna k>q paerca dopmysioit

Var(rk):%(1+2pl2 +...+2p§) nnsa k>q. I'mmoresa Hy: p, =0 pna k>q osHadaeT, 4To

mporiecce ecTtk MA(q). YTouHeHHada OIleHKa O3HAYAeT, UYTO AUCIIEPCUA Fj; ACUMIITOTHHe-
CKM CTpPeMMTCA He mpocTo K 1/7, a K 2TOM BeJIMuUMHE C HEKOTOPBIM JIOTOJHUTEJLHBIM

MHOYKUTeJIeM BUIA (1-1—2p12 +...+2p§). OTOT TeopeTHUHecKNil pesyJsbTaT MCIOJNb3YyeTCs

AJIST OLIeHKU ,umcnepcmﬁ IIyTeM 3aMeHBI O Ha BI:I60pO‘-IHOe 3Ha4YeHune 7. IIJIH OILl€eHKU

IycIepeny var(y, ) mo-npeskHeMy ucnoabsyeTca 1/7. Jlns olleHKn var(r,) MCIIOJNB3YeTCA

711+ 2r12) . s oeHKM var(r; ) UCITONIB3yeTCsA 711+ 2}’12 + 2r22) . VI Tak pagee.

Ecnn BpemenHO# papg noposkner mporeccom AR(p), To njaa k>p OLIeHKM 3Hade-

HMI YacTHOI aBTOKOPPENANMOHHOM (PYHKIMM @), MMEIOT TO 'Ke aCHMIITOTMHYECKN HOp-
as
MaJIbHOe paclipefleJieHue:! ﬁ-(ﬁkk ~N@O]L).

Temneps mepswIli 1ar noaxoja Bokca—[[skeHKMHca 3aKJ04YaeTcsa B CJIeAYIOILIEM.
Toapko y4THTe, UYTO CBOMCTBa BCeX OI[€HOK IIOJYy4eHBI B IIPEIIOJNOMKEeHNH, YTO & ABJIA-
eTcsa OeneIM 1rymoM. HopmasbHoCTE Gejioro Iryma HaM 37ech He HYsKHA, aCHMIITOTIHE-
CcKasg HOPMAaJBHOCTE OlLleHOK obecrieumBaercs 3a cueT llenTpansroii Ilpenesnsroit Teo-
pemsl Ilo peammsalny BpeMeHHOTO PAfla paccUMTBIBAEM OL€HKM aBTOKOPPeJIAILMOHHOM
M YaCTHOM aBTOKOPPEJIALMOHHON (PYHKIMI, IIPOBEePAeM CTAlMOHAPHOCTL, NP HeobXo-
JMMOCTH MepexouM K PAAY NepBBIX pasHOCTeIl.

CrernamsupoBaHHble KOMIIBIOTEPHBIE IIPOTPaMMEBI CETOAHA YCTPOEHBI CIeLyIOIIINM
obpasom. Brl roBopure: «Xody ymccienoBaTk pAn, IOCTPOUTH CTATUCTURY». IIporpamma
BBIZaeT COOTBETCTBYIOLIME CTATMCTMKIM, BbI CMOTPUTE, OHM BaM He HpaBATCA. BBI, HUYero
He MeHAs, TOBOPUTe: cHesall To yKe caMoe IJIA paAfa pasHocTell. TaM 3To BCTpoeHO, BaM He
Haflo BPYYHYIO 3TO IporpaMMMpoBaTh. IIporpaMMa cTpOUT CTATHUCTUKM [JIA MepPBBIX pas-
HocTell, BTOPBIX. A Ballle feJo — IOKa BMU3yaJbHO CMOTPeTh M pellaTh, AOCTATOYHO
OpaTb KOHe4YHBlE PA3HOCTM WM HeT. ITO IepBbri Imar. Ilocse BeIOOpa CTAIMOHAPHOTO pPi-
Jla, BBl CMOTPUTE, ¢ KAaKOT0 HOMepa HaudMHaeTcs yObIBaHME I10 abOCOJIIOTHOV BeJdyHe
BBLIOOPOYHLIX aBTOKOPPEJAIIMOHHON M YacTHOM aBTOKOPPeNALMoHHo dyHKImit. W, mnc-
XOIs M3 3TOTro, JeJaeTe IpeArIoNoKeHNe 0 BO3MOYKHBIX 3HAUYeHNAX NapaMeTpoB p U ¢q. Ja-
Jiee MOYKHO II€PEXOANTE KO BTOPOMY 3TaIly: IIpolefype OLeHKN K03(D(OUIMEHTOB.

>4

ABTOp BhIpaykaeT INIyDOKYI0 BsarofapHOCTb CBOMM CTYEHTaM, KOTOPBIE HE TOJBKO TEPIIEJNBO CILYIIR-
JIM U CHAABAJIM DTOT Kypce, HO U BHecJt DOJIBIION BKJIAJ B CO3JaHIE HTOrO TeKeTa. Sl TaksKe NMpU3HATEJEH [ID-
deccopy I'Y-BII3 3muinio Bopucosriray EpIioBy 3a IeHHblE 3aMeYaHNUA 10 COLEPKAHUIO U TEKCTY JIEKIVIL
Paszymeercs, Bce oK, HETOYHOCTH U HEYJa4HbIE OOBACHEHNA OCTAIOTCS HA COBECTI aBmpa.
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JERKIIMOHHBIE U METOQUYECKUE MATEPUAJIbBI

Abaaus BPCMCHHBIX pAAOB

Rautoposuu I'.I'.

B sToMm HOMepe mpopmosmxaerca myOsmMEanMsa Kypca JEeKIMil « AHam3
BPEMEHHBIX PSALOB». B IpolioM HoMepe ObLIM PACCMOTPEHBI OCHOBHEBIE
onpefesyeHUA IMOHATHUA CTallMOHAPHBIX CJIy4YallHBIX IIPOIIECCOB, MX XapaK-
TepUCTUKM U CBOJCTBa, a TaKiKe KJacC CTAlMOHAPHBIX CJIy4YallHBIX IIPO-
neccoB Tunia ARMA n HecrammonapubIx — Tuna ARIMA. IIpoarnamsupo-
BaH moxpxon Borkca—/I)KeHKMHCa K MAeHTM(MMKAIMY BPEeMeHHBIX pANoB. B
HacTodAIlleM HoMepe NpofoJLKaeTcsa paccMoTpeHMe nomxona Bokca— Isken-
KMHca, B 9acTHOCTH, OlleHMBaHMe HapameTpoB Tuna ARIMA u mporHosm-
poBaHMe c TOMOIIBIO 3TUX MoOAeJell, IpuUBedeHbl NPUMePhl IPUMeHeHUs
nonxona Bokca—lixeHKuHcA.

PaccvoTpensr ocobeHHOCT ITOBeleHMSA HEKOTOPBIX HECTAIMOHAPHBIX
BpeMeHHBIX PAAOB, HecTallMoHapHble pAAbl Tuna TS u DS, Tect JuKKM—
dynnepa AaA IPoBepPKU IMIIOTe3BI O TUIIE PAJA.

Jderxmusa 5
OnenuBanne roddpdpuumentor moueaeii runa ARMA

Nna onerkn Koadppurmenros mogemn AR(p) X, =oq X, +...+a X,  +&, MoxHO

IPUMEHNUTL OOBIYHBIN MeTof HamMeHbIMX KBagpaToB (MHR). Ilockonsky perpeccopsl
OTHOCATCA K NPeABIAyIIMM MOMEHTaM BpeMeHM, a &, — Oelbli LIyM, TO KOppeJaanna

perpeccopoB co cIydailHBEIM BoaMyllleHneM &, oTcyTcTByeT. MHK He naer HecMmellleH-

HBIX OLI€HOK, HO OaeT COCTOATEeJIbHBIE OLIEHKM, HECMOTPA Ha TO, YTO IIPUCYTCTBYET CTO-
XacTUYeCcKUit perpeccop. PaSyMeeTCﬂ, MBI OOJIXHBI TIATEJIBHO IIPOBEPUTH IIO OCTaT-

KaM, ﬂeﬁCTBMTeHBHO JIVM Hallly IIPEATIOJIOMEHN O TOM, YTO & - OeJibIii IITyM, BBITIOJI-

HeHblL Ecim AOIIOJIHUTEJIEHO GeJIbIri ITyM ABJIAETCA I'ayCCOBBIM, TO 3Ha49eHUA Xl pacripe-

JleJIeHbI HOPMAJBHO, a OLIeHKM Ko3ddpuimenToB, mponsBenennsle MHK, cocTosAreIbHEL 1
acCUMIITOTHYECKY HOpMaJbHBL IlogtdepKHeM, YTO HOPMAJBHOCTH OIEHOK JOCTUTaeTCH
TOJIBKO aCHMIITOTHUYECKL.

Ecnn nanHBIE MMeEIOT HeHYyJIeBOe BLIOOPOUHOE cpefHee, TO MOYKHO JiOO BbIUECTH
3TO cpefHee U3 AHHBIX ¥ CTPOUTE perpeccuto 6e3 cBobonHoro wieHa, mmbo IIpocTo cTpo-
UTH Perpeccuio co cBOOOAHBIM uieHoM 6. Jpyrummm cjoBamu, AJA OLIEHKM MaTeMaTyre-
CKOTO O)KMAaHMA mporiecca AR(p) MOMKHO MCIIONL30BATE ABE CTATUCTUKN: yiKe YIIOMA-

Rantopoeua I'T. — nmpodpeccop, K. pus.-mat. H., npoperrop I'Y—BIIIO, 3aB. Kacenpoil MaTeMa-
TUYECKOV SKOHOMUKM M BKOHOMETPUKM.
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%
~—, B KOTOPOM MCIIOJIb30BAHBL

_ T
HYTYI B IPOLJION JIEKIMHA X:%ZXZ u p= =4 —

t=1
orterkr MHRK. Ilna rayccosa mpoliecca s, o0e OL€HKM COCTOATEJBHBI M aCHMIITOTHYe-
CKM HOpPMaJibHBL Bojee Toro, obe OHM aCHMIITOTHHYECKM HE3aBMCUMEBI OT OLI€HOK Ilapa-
MeTpOoB Mopesy, nmosyderHnsrx MHE.
Jia Mopesieli CKOJILBALIEr0 cpefHero HeBOSMOYKHO aHAJMTUIECKN BBIPASUTE OcCTa-
2
TOYHYIO0 CYyMMY KBaJpaToB Zei Jepes 3HaYeHMA peasmszaluy X, U IapaMeTphl Moje-

Jau, a ciaeroBarenbHO, npuMennTs MHR. [Ina olleHKM nmapaMeTpoB CYLIIECTBYIOT 2 BO3-
MOYKHOCTH, IIO-pa3sHOMY peaJf30BaHHBIE CETOOHA B CIIeUMaJM3UPOBAHHBIX KOMIILITEP-
HBIX IIPOTpaMMax.

IlepBasa BOBMOXMHOCTBL COCTOMT B IPUMeHEHMM MeTOJa MaKCUMAaJBHOTO IIpaBlio-

momobua. B mpemmosioskeHny HOPMaJbHOCTM OIMOKM &£, BbIpajskaeM KoBapUallMOHHYIO
MaTpuIly oImOoK (ee 3JeMeHTHI — 3HAYEHMA aBTOKOPPEJIAIMOHHON (PYHKIMM) depes
napameTper S, f5,, .., ﬁq obpaTtumoii momes MA(q). PyrrImMA npaBaonofodus s

HOPMAJBHO paclpenesieHHOTO BeKTopa X umeer Buz:

- = 1 B L, ¥ _
L(ﬁ,ag | X )=—r—( detZ ) lexp(—%), Toe X — OTKJIOHEHUA OT CpelHero.
20

Q lzmj )

3pech depes ¥, obosHadeHa KoBapMallMOHHAS MaTpulla mpollecca X . OJIeMeHTHI 3ToM
MaTPULBL BBIPaKalOTCA, KaK Mbl BULEJM, 4epes mapaMeTpel Mojemnt S, f,, ..., f,

IIO3TOMY IIpOLleypa HUMCJIEHHON ONTMMMBAIMM IT03BOJIAET HAMTM OIIEHKM MeTOoNa MaK-
CMMaJILHOTO IIpaBAoIlofo0us, KoTopble OyAyT obsazaThb OOBIMHBIMM CBOJCTBaMM CO-
CTOATEJILHOCTY ¥ &CHMIITOTMHYECKO} HOPMAaJbHOCTM. KpoMe TOro, OlleHKM IIapaMeTpoB
mopmest MA(Q) 1 OLleHKa AMCIEePCUM CJIY4IaifHOTO BOSMYIIIEHMS acHMIITOTMYECK) He3aBI-
CYUIMBL.

Bropoit moagxoz, Mo3BOJMONMI 00JErYUTL BBIYMCIMTENLHBIE 3aTPAThI, IIPUMe-
Husm Boke n yxerkuHce [2]. OHM OpeAsoKHIM MCIONb30BaTh NPOLenypy HeJnHeHOM
OLTUMMBaIMN: IIPOLEAYPY IIoMCcKa Ha ceTKe (grid-search procedure). PacemoTpum nzeto
3TOTrO NoAxofa Ha Ipumepe mporecca MA(2). Haiigem cHadasa OLIEHKY MaTeMaTUYeCcKOTo
OMKUJAHVA TIporjecca X B IIPEATIONOMKEHMM O €r0 CTAIMOHAPHOCTY M BPTOUYHOCTIL
3aTeM BhIbepeM HeKoTopble sHadeHma (S, f,), Hampumep (0,5; 0,5). Mcxoma us

ypaBHeHMA IIpoljecca, X BBIpasKaeTcA depes IPeAbIAyIIMe OIIMOKM, HO OHM He W3-
BecTHbL IlosTomy Oynmem cumTaTh, 4TOo X, :)?—i-el. ITo jaeT HaMm e =X - X . Barem
nojaraem e, =X, —)?—ﬂlel , e =X; —)?—ﬂlez - p,e, U Tak JaJee.

Temepb MOKHO BBEMMMCJIUTE CYMMY KBaJpaTOB OTKJIOHEHMIT Zef =S(p.p,) . Ilo-
CKOJIbKY OHAa ITOCUMTaHa [JIA BEIOPAHHLIX 3HAYeHMII TapaMeTpoB ( /3, f3,), MBI MOMeM
paccMaTpMBaTL ee Kak (PYHKIMIO 3TUX IlepeMeHHBIX. Jlajsee Kakoii-smbo0 4UMCIEHHO

Ipolleypoli, HalpuMep IIOMCKOM Ha CeTKe, MOMKHO INepebupaTh KoMOMHaumu S u f3,

MM YMCJIEHHO MCKAaTh MMHMMYM 3TOM (PYHKIMM: min Zef . Koacppummenter (5, 3, ),

’

172
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KOTOpBIe 00ecreunBai0T MMHMMYM BBIPasKEHUA Zef , ¥ OynyT orleHKamMu Koaddpuim-
eHTOB Mogmesn MA(2).

B obiem coryuae momesnn MA(qQ) MBI (pUKCMPYeEM HadaJbHbIE 3HAYEHUHA ﬂlo,... ﬁg

U oIpejieNdeM OCTATKM depes HabmogeHmusa: ¢ =X, -X, e, =X, —X—ﬁloe1 U Tak ga-

Jiee. Hpoue,uypa IIOJIy4YEeHMA OCTATKOB OOCTATOYHO IIPOCTa, BCE OCTaTKM C OTpHULlaTeJb-
HBIMM ¥ HYJIE€BBIM MHIAEKCAMM B MCIIOJIB3YE€MBIX BBIPDAKEHMAX 3aMEHAeM HYJAMN. 3a-

. 2
TeM HaXOoIMM m;nZei . UncJeHHBIM MOMCKOM HaXoVM OLI€HKU IlapaMeTpPOB. BOHpOCBI
s

CXOOMMOCTY 3TOM IPOLeAYPHLI ¥ BJIMAHNUA BbIOOpa HAYaJBHBIX 3HAUEHUI Ha pPe3yJbTaT
MBI OCTaBMM 3a paMKaMM pPacCMOTpeHMA. YIIOMSHEeM TOJIBKO, UTO IIOKasaHa acCHMIITO-
THU4YecKasd 3KBMBAJIEHTHOCTL ITOM IIPOlLlefyphbl OLIeHMBAHMIO METOILOM MaKCHMAaJLHOTO
IIpaBRoIonooms.

Anajorm4yHasa IIpoliefypa MosKeT OBITH MCIIOJIL30BAHA [AJIA OLIEHKM IIapaMeTpPOoB
mozmenn ARMA(p,q). 1A uX OlleHMBaHMA MOXKeT IPUMEHATHCA KOMOMHAIMA MeTOoZa
HaMMEHBIINX KBaJpPaTOB C IOMCKOM Ha ceTKe. UYToOBI IPOMJILIIOCTPUPOBATH, KaK 3TO
IenaeTcs, paccMoTpuM Mozeds ARMA(2,2). IlycTs ypaBHEHMe MOZENN UMeeT BUJ

(= L—a,I? )X, =(1+ B L+ B,[% )s, .

1+ B L+ B,I7 )e,

Ero moxxnO mepenmcats B Buge X, =
2
l-oL -, L

. BBeI[eM BCIIOMOTAaTEeJILHBIN CJIy-

1
YalfHbBIi IIpollecc Z, =

g,. Torpa nponeccel X, u Z, cBA3aHLI COOTHOILIe-
l-oL -, L

2

2
anem X, =(1+ L+ pB,L°)Z,, xoTopoe HaloMMHaeT ypaBHeHMe MA(2), ToJBKC BMecTo
g, crour Z,. Onpegesmmm «HaOJromeHNA» Z, depes HabmomeHusa JX,, CKOHCTPYMPOBaB
Z, TaK JKe, KaK paHee ocTaTKu Momesm MA, T.e. 3Ha4eHMsA Z,, KOTOpLIE ellle He olpe-
JleJIeHb! (C HYJIEBLIMM M OTPUIIATENLHBIMM MHAEKCAMN), TToJlaraeM paBHBIMK HyJ 0. Torma:
Z, =X
Zy=X,-pZ,
Zy=Xs—- Pz, - Pz,

Hampumep, muz Boipaxkenusa X, =7, + fZ, + [,Z, clegyeT BTOpoe U3 COOTHOLIEHMIL
H_/
=0
Hanee sHadeHMa /Z, CBASAHBLI C OCTATKAMM €, MCXOIHON MOJeNM CJIeNYIOUIMMM COOT-
HolleHMAMM: Z, —oyZ, | —c,Z, , =e,. OTHOCUTeJIbHO Ipollecca Z, Mojesb crana AR(2).
3HaA «peanmsalMio» Z, JJA BbIOPaHHBIX 3HadeHMI KoadppuiimeHTOB f, ff,, MOMKHO

OLIeHUTL KO3(ppUIMEeHTE o, ¥ o, C IoMolIEI obbpikHOBeHHOoro MHK. B pesynnTaTe

HaxXoAMM OLeHKM KO3PUIMEHTOB (&, d,,/3,/5,), HO MOJydeHEl OHM II0-Pa3HOMY.
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Ouenru (f,,f,) sajaHbl Kak HadaJbHble 3Ha4YeHMA A IIOTOM, MCXOAS U3 HUX, IIO-

CTPOEHBLI ONTUMAJLHLIE OLEeHKM (i),d,). IIpuMeHAA uMCIeHHBIH MeTOoZ ONTMMM3aLN

(HampuMep IIOMCK Ha CeTKe) OIleHMBaeM 3HAYEHUA [IapaMeTpoB, obeclieumBalollie Mu-
. 2

HMMYM OCTATOYHON CyMMBI KBaJpaToB Zei .

Ecam Geswrii nrym rayccoB, muis onenmBanus monem ARMA(p,q) MOKHO TaksKe
IIPUMEHATb MeTOJi MaKCHMAaJBHOrO IIpasBnornonodma. OOlmasd cxeMa €ro IpuUMeHeHUA
TaKoBa. BrIpaKkaeM BHaUYeHMA aBTOKOPPEJALMOHHON (PYHKIMM IIpollecca depes Iapa-
MeTpbl Mojiesy, (POPMMPYeM KOBAapPMAlMOHHYI0 MAaTPUIy Iopanka T, sammchiBaeM
QYHKLIMIO NpaBAononodusa Iia uMeroilelicsa BoIOopry X, X,,..., X, , pemaeM (Kak mpa-

BWJIO, UMCJIEHHO) CUCTEMY YPaBHEHMI IpaBAoIIofio0MA OTHOCUTEJBHO OLleHOK Ko3ddu-
1MeHTOB. PeasibHBIE aJrOPUTMBI METOAA MAaKCHMAJLHOTO IIPaBIONION00MsA, peatn30BaH-
Hble B CIIeIMAJIM3MPOBAHHBIX KOMIILIOTEPHBIX MaKeTaX, OTJIMYaIOTCA OT 3TOM CXeMBl, HO
IPMHIMINAJBEHO OHa OcyllecTBMMa U OTpaskaeT JOTMKY IIOJYy4YeHMs OLIEHOK MeToha
MaKCUMAJBLHOTO IIPaBAoIIofno0M.

Hanomanum mnpolienypy, KoTopyioo npenjoxuian Boke m Iyxenxkuzc. Ha nepsom
11are MbI OIIpefiesisieM, ABJAeTCA JM PAM cTallMoHApPHBIM. JIJ1s 3Toro CMOTPUM Ha II0Be-
JleHVe BBIOOPOYHOV aBTOKOPPEJIAIMOHHON (PYHKIMM M BLIOOPOYHON YacTHOM aBTOKOP-
penaryonHol (pyHKIMKU. Ecam Mx moBefieHMe He CBUIETEJLCTBYET O CTAllMOHAPHOCTH
MuccJjeryeMoro Iporiecca, peobpasyeM MCXOAHBIN pPAA B3ATHEM II0CIeIOBATEJBHBEIX
pasHOCTel ¥ CMOTPMM Ha IIOBeJleHMe TeX Ke (PYHKIMI I IIpeoOpas3soBaHHOTO pAAa.
JobuBIIICE CTAIMOHAPHOCTM, MBI T€M CAMBIM OIIpeAeNIMIM IIapaMeTp MHTerparmm d
BpeMeHHoTo paAfa. Ilociie aToro, aHAIM3MPYA AJAA cTAallMOHAPHOTO pAfa IoBefeHNe BhI-
GOpPOYHOI aBTOKOPPEIAIMOHHON ¥ YacTHOM aBTOKOPPEJALMOHHON (PYHKIMH, Iomdupa-
eM IlapaMeTphl P U g. Bece »To BMecTe mpuHATO HasbIBaTh udenmugurayueis modesu.
OTo HeKas cMech TOYHBIX 3HAHWI, MHTYMULIMU M MCKycCTBa. 3aTeM, Iocje olpeeseHna
(p,d,q), MBI TeM WM MHBIM CIIOCOOOM OLleHMBaeM KO3(P(UIIMEHTHI COOTBETCTBYIOIIEN
ARIMA wmogneJ.

IIpesxne uem paccMOTpeTh IPUMEPHI IIPMMEHEHNA 3TOTO II0JIX0Aa, 00CynuM, Kak
OLIEHUTEL Ka4decTBO IIOJYYeHHOHM Mozesy. KoHewuHO, Hazl0 IIPOBEPUTE, XOPOIIO JIM JIETJa
MoJleJlb Ha JIaHHBbIE, T.€. XOPOIIO JIM MBI IOAOTHAJM MOAeJb. A TaKoKe — He HapylIlleHBI

JIM HaMM HEKOTOPEBIE IIPEAIIOJIOEHMA O XapaKTepe CJIy‘-IaﬁHOI‘O BOSMYIIIEHMA &, , 9TO

3acTaBUT HaC CMEHMUTL, BO3MOKHO, METOObI OIT€HMBaHMA.
Jduarmocrura momean ARMA

fcno, uTo McXomHON MHOPMaIME JIA IMArHOCTUKM CJIY/KAT OCTATKM MOMEJIN.
Mebr mpepnonaray, 9TO ciydaliHoe BO3MYLleHMe ABJAeTCH OesbIM IITYMOM, [I03TOMY,
IpeskZle BCEro, HAN0 IIPOBEPATH HEKOPPEIMPOBAHHOCTBL OCTAaTKOB. JITak, mpoBepke
IIOfJIEKAT, B IIEPBYIO odepenb, 2 MoMeHTa. IlepBrIi — 5TO KadecTBo Momemyu. Ham Hy-
JKeH MHIVKATOP TUIA KPUTEepPUA MHOKECTBeHHOI merepmuHammm R2. U BTOpOoii — Ham
Hago o00A3aTeJIbHO IIPOBEPUTH HEKOPPEJMPOBAHHOCTH OCTATKOB, MHade OL€HMBATH
AR(p)-9acTb MeTOLOM HaMMEHBIIMX KBaAPAaTOB HEJb3s, TaK KaK MBI IIOJIydYaeM Heco-
CTOATEJILHBIE OIIEHKU.

Kar nmpasuio, npu mocTpoerEnn Mopeseli BpeMEHHLIX PALOB KPUTEPUM KadecTBa
IIOATOHKY MOJeJiell IIPMMEHSAIOTCA [JIA CpaBHEHUSA MogeJell Mexny coboii. ITockoabry
OLIEHKM KO03(P(PUIMEHTOB IIPOBOJATCA ITyTEM ONTHMMM3ALMM, (PaKTUHEeCK) pedb MIeT O
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BBLIOOpE IOPAAKaA MOJeJNM, T.e. O CPaBHEHMM MojeJell ¢ PasJMYHbBIM HMCJIOM IapameT-
poB. AGCOJIIOTHBIE KPUTEPUM, TUIA CTAHIAPTHOTO KO3(P(UIMEHTa MHOKECTBEHHO fle-
repmmHarmy RZ, He mpuMeHsAOTCeA. VI3 3HAYNTENBEHOTO YMCya KPUTEPHER IMO3HAKOMMM-
ca ¢ aByMA HamuboJsee dYacTo IpUMeHAeMBIMU. Bojee moapobHO 0 KPUTEPUAX ITOATOHKU
MoeJieli MOKHO IIPOUYMTATE B MB3BECTHOI MOHOrpadum [5].

Hamnbosee pacnpocrpaHeHHEIMIM B HACTOsAIIEe BPeMA ABJIAETCA IIPENJIOKEHHBI AKanuKe
B 1974 r. [1] xpurepuit AIC (Akaike information criterion) u npennosxennsni Ilsap-
uem B 1978 r. [14] BIC (Bayesian information criterion). O6a 3T1 KpuTepus IIOCTPOESHEI
IIPUMEPHO OAMHAKOBBIM criocoboM. Mudpopmanmonnsi kputepuii AIC pna Mogpesn
ARMA(p,q) BBITJIAOUT CIERYIOIMM 00pasoMm:

A[C(p,q):ln62+2pT+q,

roe T — umcyo Habmomenwmii. A xkputepmit IlIBaplia MMeeT HECKOJBLKO IPYToi BUI:
BIC(p,q)=Iné? +lnTM. Pasymeercs, &7 :RiSS. ObpatnTe BHMMaHMUE, KaK
T T'-p—-q

IIOCTPOEHBI TY KPUTEPUN: JIOTAPUPMBI OCTATOYHOI CYMMEBI KBaJIpaTOB ILIOC IITpad 3a
YMeHBIIIeHMe HUHcJia cTelleHell cBobonbl. Ham Hy:kHO Tak nozobpaTh SHadeHUS Napa-
METPOB P M q, YTOOBI IIOJIYYUTHL MUHMMAJILHOE BHAUEHMEe KasKJIOTO M3 KPUTEPUEB, B TO
BpeMsa Kak Mo KpuTepuio R% MBI oTfjaBa MpeATNiouTeHne MOJes ¢ GOJIBIIM €ro 3Ha-
yeHneM. OOpaTuTe BHMMAaHMe, YTO B OTJIMUYME OT KOD(PPUIMEHTa AeTepMMHAIMM HU-
Jero HeJIb3A CKasaTh HU O AMAlla30He MBMEHEHWs, HM O 3HAaKe KpuUTepueB AKauke U
IIBapua, MOCKOJbLKY YMCIeHHAA BeJUYMHA OL[eHKM G2 3aBUCUT OT e[VHWI] U3MEePeHMUA.

Kpurepuit Araure Gasmupyerca Ha 0000IIeHNM IPMHIMAIIA MAKCUMAJLHOTO IIpaB-
nmoroniodus. IlpuBeneHHOe BBIpalKeHMe IIOpasyMeBaeT, UTO CJydaliHoe BOBMYIIEHME
ABnseTca rayccoBbiM. IImnbaTa [13] mokasas, uro mus mpoieccoB AR kpurepuit AIC
IIepeoleHUBAET IIOPAIOK MOJEJHN, CcJefoBaTeJbHO, OlleHKa IIOPAIKa MOJeJ Ha OCHOBa-
HUM 3TOTO KPUTEPUA HECOCTOATEbHA.

Kpurepuit IIsapua BIC ocHoBaH Ha OajiecoBckoOM IToAXoze M MMeeT OoJiee pyH-
JlaMeHTaJIbHOe TeopeTudecKoe obocHoBaHMe. IIokasaHO, UTO OIleHKAa IIOPAAKA MOLEJN
II0 3TOMY KPUTEPUIO ABJAETCA COCTOATEJLHOM. TeM He MeHee, Ha IIpaKTHKe dallle JC-
nosb3yerca uHpopMmaonHsli kpuTepuii AIC. CymiecTByeT Macca paboT, B KOTOPBIX
CpaBHMBAETCA IIPMMEHEHME ITUX KPUTEPUEB II0 OTHOLIEHMIO K Pa3HBIM MOJEJIAM, HO
OKOHYATEJILHOTO BBIBOJA IIOKa He cpenaHo. Ha mpakTuke pasHBle KPUTEPUM MOTYT
IIPUBECTM K BBIOOPY pasaMyYHBIX MojeJell. EcTb HeKOTOPBIM HAKOIJIEHHBIH OIBIT IIO
IIOBOAY TOTO, K KaKMM THUIIAM MOJeJIel IIPUBOIUT ONUH KPUTEPUI M K KAaKUM IIPUBOIUT
npyroil. Ecom Bel IyOsMKyeTe KaKye-TO MCCJIEHNOBAHUSA, CUMTAETCHA BIIOJIHE HOPMAJb-
HBIM IIPOCTO yKa3aThb, KaKoil KPUTepuii BBl IIpMMeHseTe 0e3 CIeIMasJbHOro 000CHOBA-
HMA Balllero Bulbopa. IlonynapHBNI NakeT AJA aHAJMM3a BPEMEHHBIX pAnos Econometric
views paccunThIBAeT 00a T KPUTEPUS.

Teneps nepeiifeM K IIpoBepKe aBTOKOPPEIAIMY OCTATKOB. B aTOM Bompoce cyiie-
CTBYET PacCXOKACHIE MEXIY TeM, KaK CJIEJI0OBAJIO OBl IIOCTYIIATL C TEOPETHHECKON TOYUKN
3peHUA M TeM, 4YTo AenaeTcA mpakTudeckn. Eine B 1970 r. Boke u Ilnpe npensosxmim
cmamucmuueckull kpumepul 048 nNPosepPKrU A8MOKOPPeLIUUU 6PeMeHH020 PAdq KOTOo-
PBIN cerofHA NPUHATO HasbIBAThb Q*-cmamucmuxoi. Tect Bokca—Ilupca npoBepser m-
II0TE3Y O COBMECTHOM PaBEHCTBE HYJIIO BCEX aBTOKOPPEJIAIMI BPEMEHHOro pAaa A0 ID-

pAnKa m BRJIIOUMTENBHO, T.e. runoTesy Hy: p, = p, =..=p, IpoTUB ajbTepHATUBHON
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m
rurotress Hy: Z Pz'2 > 0. Borc u Ilmpc norkasamam, 4TO IpU YBEJUHUEHUM IJINHBI BBIOOP-
i=1

m
KM CTaTUCTHUKA Q”‘:TZrk2 MMeeT acUMIITOTHYECKOe paclipefieseHye ;{i OTOT TecT
k=1

OBLIO IIPEAJIOMKEHO IPYIMEHATL AJIA IIPOBEPKU HAJMUMA aBTOKOPPEJIAIIMY 0CTATKOB MOIE-
sm tunia ARMA(p,q), Ipy 3TOM 9MCJIO cTelleHel cBoOob yMeHbIaeTcA Ha (p+q).

Pabora Boxca n Ilupca Obna omybsmkosana B 1970 . B Tom sxe romy HapOuu
orryOJIMKOBaN B APYLOM SKypHaJie CBOIO PaboTy, B KOTOPOI IIOKasaj, YTO CTATUCTHKA
Japbuua—YoTcoHa He IpPMMeHMMA AJA ITPOBEPKM aBTOKOPPEJAIMM OCTATKOB IIPW Ha-
JMYMM B KadecTBe perpeccopa o0bACHAeMOI IepeMeHHOM ¢ jarom. OxHoBpeMenHo Jap-
OVH MpeAJIoMNII TaK Ha3bIBAEMYIO h-CcTaTHCTURY ¥ ajbTepHATUBHYIO Ipoltenypy Japou-
Ha IS IPOBEPKM HaAJWYMA aBTOKOPPEJIAIMM B TAKMX MOZEJAX. OTM padoThl IOABWINCH
B PasHBIX KypHaJaxX [IPVMEPHO B OOHO M TO Ke BpeMd, M KarKAad [IOPOoaua II0CIIeL0-
BaTesiell. He cpasy ObLIo 3aMeueHO, YTO B MOJEJIAX C JIaroBOM 0OBACHAEMON IIepeMeH-
HOJl B KadecTBe perpeccopa cratuctuka Bokca—Ilupca He mpuMeHMMA 10 TEM JKe IIPU-
uMHAM, YTo M craTucTura Japduna—Yorcora. IIocKoIEKY B MOAENAX BPEMEHHLIX PANOB
IIPOBEPKa HAJMUMA aBTOKOPPENALMM KPUTMHYEeCKM BasKHa, craTucTuka bBborca—IIupca
Halllla IIIMPOKOe NIPMMEHEHNMe M 10 CUX II0P BXOAMUT B COCTAB OOJBIIIMHCTBA CIIEIVAJIV-
BVPOBAHHBIX HKOHOMETPUYUECKUX IIaKETOB.

Ilocronery obHApy:RMIOCH, 4YTO cTaTHcTMEKa Bokca—Ilnpca mmeeT Masyl0 MOII-
HocTh, Boke m Jlwtour [6] B 1978 r. mpensosKkuiM MCIOJL30BATL IJIA TeX Ke ILeJelt

YAYUIIEHHYI0 Q-cTaTuCTURY (O =(T +2 )TZ(T—i )’1};.2, KOTOPYIO, KaK M CTaTUCTUKY

i=1
Boxrca—Ilupca, yacTo HasbLIBAIOT IIOPTMAHTO-CTATUCTHKON (portmanteau-statistics). Ilo
cpaBHeHMIO co cTaTucTuKoi Bokca—Ilnmpca pasiMdHBIM cjaraeMbIM IPMAAHBI pasHble
Beca. ABTOpPHI ITOKa3aJl, YTO 3Ta CTATHCTHKA MMeeT TO jKe acUMIITOTHYecKoe paclipe-

JleJleHue ;{i, HO JIydllle ¥M aIlpPOKCUMMPYeTCHa IIPY KOHeYHOM uycJiie Habuomenwit. K

COYKaJIeHNIO, ¥ cTaTucTMKa Bokca—JIbloHra TeopeTMHecKM He IIPMMEHMMA IJIA TeCTH-
POBaHUSA aBTOKOPPeJAIMU ocTaTKOB B Mogeaax ARMA mo TeMm ke npM4YMHAM, 4YTO U
cratuctTurn Japouna—Yorcona u Bokca—Ilupca. Tem He meHee, cratmctura Bokca—
JIbIoHTa BXOAMUT BO BCE CIIENMAJM3MPOBAHHBIE ITAKETHI, MHOKECTBO MCCJIE0BATEEN €10
MIOJIL3YIOTCH, XOTSA OHa TeOoPeTHHecK) He COCTOATENbHA.

Jia mpoBepKM HaIMuMa aBTokoppedsimu B Mofedax ARMA jsydine Bocrosdb3o-
BaTkCA OoJlee MOIIHBIM M YHMBEPCAJBLHBIM CIIOCOOOM, a MMEHHO METOIOM MHOMKUTEJIEN
Jlarpanxa (Lagrange multiplier — LM), npuMeHUTeJEHO K IIPOBEPKE aBTOKOPPEJIAINN
OCTaTKOB €ero ellle HasbBatoT TecToM Bporima—Tondpu (Breusch—Godfrey). Or Bxogut B
«TpUany» KJIACCUIECKUX aCUMIITOTMYECKIX TeCTOB: OTHOLIeHMUA ITpaBononobnii, Baaesaa,
MHOMKMUTeJel JlarpaHska ¥ IPMMEHNM [JIA IIMPOKOro KJacca 3a7atd IIPOBEPKM OTPaHNE-
HMiT Ha Ko3puImeHTsl Mogesm. Mbl BHAKOMMJIIMICE C 3TUM TECTOM €llle B Kypce SKOHD-
MeTPUEH, cPOPMYIMPYEM €ro IIPUMEHNTENBHO K aHAJIM3Y aBTOKOPPEJHIMI OCTATKOB.

IlycTs paccmaTpuBaeTca MoAeN s MHOMKECTBEHHON perpeccum

Y=+ X+ + X, +s,,
rae Xl""Xk - paSHBIe perpeccopm, B TOM 4YMCJIe, BOSMOMKHO, M JJaroBble 3HAYCHUA KaK

O6’BHCHHIOU_U/IX, Tak M O0BACHAEMOI IIepeMeHHBIX. HpOBepI/IM IIpenrioJIoKeHne, ITo &
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NOAUMHAETCA aBTOPErPECCHOHO) cxXeMe IopAgKa P, T.e. 3ajaeTcad ypaBHEHMEM
& = V& +.. TV &, Fu,, Toe uy — Oespli urym. B TepmmHax KoaddpuipmeHToB Moz

OCHOBHaf U aJbTepPHATUBHASA TMIIOTe3bl IPUHMUMAKOT BUL!
Hy: 7 ==, =0
) 2
H, oy +toty, >0.

Meton mHOkMTeselt JlarpaHska I IIPOBEPKM 3TOM IMIIOTE3bI BaKJIOYAETCH B
caenyworteM. Metomom MHR cTtpoutca obbluHas perpeccus Buaa

Y,=B,+ X+ .+ B.X, +e,.

O0Go3HAYNM ee OCTATKM Hepes ey.
1. Crpoutcsa perpeccusa smbo Toii xe o0bACHAEMOI ITepeMeHHON Yy, JMbo ocTaT-
KOB e; Ha CTapble Perpeccopsbl M OCTATKY C JIArOM [0 P BKJIIOUUTEJNBHO (TO eCTh B Kade-

CTB€ AOOIIOJIHUTEJIEHBIX O6’BHCHFIIOU_U/IX IIepeMeHHBIX JMCIIOJIb3yeM 8171,8172,...,8171) )

2. HpOBepﬂeTCH TuUrioresa 0 TOM, YTO IpPYyIIlla OOIIOJHMUTEJBHBIX II€PEMEHHBIX fAB-
Jsetrcsa uaauinHel. Ecan B KadecTBe 00bsCHAeMON HepeMeHHOﬁ MICIIOJIB3YIOTCA ocTar-

KU, TO CTaTUCTUKA TRZ, roe T — umeyo HaAOIIOOmEHMI, a R?- K02 (P PUIMEHT MHOMKECT-
BEHHOI JeTepMMHAIMM pPerpeccuy M3 IIyHKTa 1, MMeeT acUMIITOTMYEecKoe (IIPY yBeJM-

eHMM UicJIa HaGIofeHuit) pacpeeienie y° ¢ p CTENeHAMI CBOOOMBL

Juist IpoBepPKY IUIIOTESLI O PaBEHCTBE HYJIIO TPYIIILI IIePEMEHHBIX MbI IIPUBLIKIIN
MCIIOJIBBOBATE F-CTaTHCTMRY, IIPOBEPHAIOLIYIO, (PaKTUHUeCcKM, CTATUCTUYUECKYIO 3HauM-
MOCTb YMEHBIIIEHUS OCTATOYHOM CYMMBI KBaJpaTOB OT BKJIIOYEHWS IOIOJHUTEJILHBIX
nepeMeHHBIX. Pasymeercs, F-craTucTuka NpuMeHMMa 1 B 3ToM ciaydae. Ho, HanoMHMM,
OHa MPYMEHNMa TOJBKO IIPM HOPMAaJLHOM paclIpefleleHuy cirydaliHoro ujeHa. Ilpume-
HeHMe ’Ke TecTa MHOMKUTeJell JlarpaHska He TpeOyeT HOPMAJLHOCTM paclpefesieHNs,
HO «paboTaeT» TOJNBKO acuMIToTHdecKy. CoBpeMeHHble HKOHOMeETPUUECKMEe IIaKeThI, B
yacTHOCTH Eviews, coobatoT mnosbzoBaTtesto npu npmuMmenenny LM-Tecra 3HadeHMA U
KpUTUYeCKNe BepoATHOCTH (p-values) nisa obeux cTaTHCTMUK, TAK UTO BhI MOXKeTe BBI-
OupaTh: MCIOJL30BATE JM F-OTHOINIEHNE, BepHOe MJIA KOHEYHBIX BLIOOPOK, HO B IIpef-
IIOJIOYKEHNY HOPMAaJBHOCTH, b0 He TPeboBaTh HOPMAJBLHOCTY M MCIIOJB30BATEH CTATU-

ctuky TR?, BePHYIO JIAIIL aCHMIITOTIYIECKI.
[y IpoBepKyM HOPMAJBLHOCTH CYyIIecTBYeT MHOMKecTBO TecToB. MBI paccMoTpuM
mecm Xapxe—Bepa (Jarque—Bera). 3TOT TecT BBINIAIUT ciaeayronmMm obpasom. OH BbI-

1 —
4YMcJIAeT BLIOOPOUYHBEIE BHAUEHUSA AJA KOD(PMUIMEHTOB aCUMMETPUM S = —32( e, —X )
To

1 —
U 3Kcllecca K :—42(el —,u)4, rme X — BBLIOOpOYHOE cpefHee, a ¢ — BBIOOPOYHOE
To

cpemHeKBaApPaTUIHOE OCTATKOB MOOEJIN. HpI/I YCJIOBUYM HOPMAaJBHOCTM OCTaTKOB, CTaTM-
(T-p-q-1

ctuxka Xapke—Bepa 3

[S2 +i(K—3)2] nMmeeT ;{2 pachnpenesieHne ¢ OBYMS

CTelleHAMMN CBO60,ZLI:I.
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Jerxmusa 6

PaccvoTpum HeckoNBKO IpMMEPOB NpMMeHeHMA Ioaxona Borca—lixeHKMHCca K
BPEMEHHBIM PAAAM, IIPEeICTABIAIIMM SKOHOMIYIECKNE TIepeMeHHEIE.

OpuuMm 13 HamboJsiee YacTO aHAJIMBUPYEMBIX (PMHAHCOBLIX BPEMEHHBIX PANOB AB-
JgeTcs VHAEKC peaJibHOM TOZ0BOM JOXOMHOCTM, PacCUMTLIBAEMBI KoMIlaHmel Stan-
dard & Poors mo 500 aximam gna CIITA (S&P-500). PaccmoTrpum pAn ajas mepuona
1872—-1995 rr. [9]. CpenHee 3HadeHMe BpeMeHHOTO paAma cocTaBiseT 3,08 aMepuKaH-
CKUX I[eHTa 3a TOJl.

Bribopourble 3Ha4YeHMA aBTOKOPPEJAIMOHHON (OYHKIMM T, ¥ COOTBETCTBYIOLIINE
BHAYeHMUA CPeNHEKBAaIPATUYHBIX OLIMOOK HTHX OLIEHOK IIpMBeeHbl B Tabu. 6.1. B TpeTh-
eM cToJI0Ile ITpUBefeHbl 3HAYEHUA CTaTUCTUKY Bokca—JIbIOHTa M COOTBETCTBYIOIINE UM
KPUTUYECKNe BHAUYEHUA BEPOATHOCTEN.

Taboimuna 6.1.

Homep nara 7 s.e(r) Qk)

1 0,043 0,093 0,24 (0,62)
2 -0,169 0,093 3,89 (0,14)
3 0,108 0,093 5,40 (0,14)
4 -0,057 0,094 5,83 (0,21)
5 0,117 0,094 7,61 (0,18)
6 0,030 0,094 7,73 (0,26)
7 0,096 0,094 8,96 (0,25)
8 -0,076 0,096 9,74 (0,28)
9 -0,000 0,097 9,74 (0,37)
10 0,086 0,097 10,76 (0,38)
11 -0,038 0,099 10,96 (0,45)
12 -0,148 0,099 14,00 (0,30)

Psan cogepixnT 123 ToukM. OTO [OBOJBHO GOJBIIIOE HMCJIO, II03TOMY AJIA IIPOBEpP-
KM BHAYMMOCTM MOYKHO IIOJIB30BaThes HOPMAJIBHBIM paclpefesieHneM. CoBepllleHHO
O4eBMIHO, YTO HM OJHO M3 3HA4YEeHMII T}, He 3HAUMMO Ha TPaIMUMOHHBIX yPOBHAX 3Ha-
YMMOCTU. ITO BUIHO IIPOCTO II0 OOBIYHOM t-cTaTmcTuKe. OTHOIIIEHNE OLIEHKMU K ee cpeli-
HeKBaJIpaTU4eCKOMY OTKJIOHEHMIO, KaK IIpaBuUJo, Jasxke MeHbIIle eqMHUIBL

ToT Xe BBIBOA MOXKHO cHeJaThk II0 cTaTHMCTMKAM ), Bce X 3HaYeHM: He II03BO-
JIAIOT OTBEPTHYTH TMIIOTE3Y O HYJeBBIX aBTOKOppesaAlMax. HauMeHbIllee 13 3Ha4YeHMIT
KPUTUYIECKO BepoATHOCcTH p-value cocraBmyo 0,14. 3To sHaumT, 4TOo HpM Jrobom
YpOBHe 3Ha4UMMOCTM MeHbIe deM 0,14 MBI He MOMKEM OTBEPrHYTH IMIIOTE3y 00 OTCyT-

CTBUM aBTOKOppeJAanuy, T.e. 0 COBMECTHOM paBeHCTBe HYJIIO BCeX O, . OTCIO,ILa MEI ae-

JlaeM IIepBLIM BBEIBOJ, YTO BPEeMEHHOM psaAl TOLOBBLIX 3HadeHuUl uHpexca S&P-500 aBia-
eTCsA CTaIMOHaPHBIM. BO-BTOPBIX, MOMKHO MAeHTHMUIMPoBaTE Mogess ARMA. Eciu Ob1

y pAga Opia MA-4acTe, To MBI 3HaeM, 4To p, =0, HauMHAA ¢ HEKOTOPOrc HoMepa. Y

Hac yxxe p; =0, T.e. MA-gactu HeT. Ecau Obl 6b11a AR-4acTh, To 3HaYeHUA p, JOJK-

HBI OBLIN OBI JKCIIOHEHLIMIAJIBLHO y6bIBaTI:, 4qTOo He Ha6JIIOI[aeTCH. MTaK, MBI yCTaHOBWUJIN,
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YTO HAIIl TIpollecc uMeeT BufA X, = i +e,, IPYTUMMM CJIOBaMM — 3TO IPOCTC Gesbli 1IyM,

nm ARMA(0,0). OTo naBHO MBBeCTHBI pesyiabpTaT. OOBIMHO e€ro TPAKTYIOT Kak CIpa-
BEJIIMBOCTEL MTPHI Ha OMpiKe, T.e. MOJIHYIO HENPEACKa3yeMOCTh M3MeHEHUA OXOIHOCTH
aRIMI.

Pacemorpum, caenya T. Munncy [8], mpumep mpyroro BpeMenHoro pspa. O0nek-
TOM PacCMOTpPeHMS ABJIAETCHA TaK HasbIBaeMblii interest rate spread, T.e. pasHuia me-
SKJIy CTaBKaMM II0 KOPOTKMM M JJIMHHBIM Oymaram. B xadecTBe AnmHHBIX Oymar Ijs
Besmrobpuranmm BeiGpans! 20-metame Oymarm (UK gilts), a B xadecTBe KOPOTKUX —
oymarn Ha 91 mens (91 day Treasury Bills). lanHbIe ABJIAIOTCHA KBapPTAJLHBIMU, [I€PU-
on Haburonernsa ¢ I kBaprana 1952 r. no IV xkBapras 1988 r.

s sroro paAna OblM paccunTaHbl 12 3HaYEHM BLIOOPOYHBIX ABTOKOPPEJIALIN-
OHHOJ ¥ YaCTHOM aBTOKOPPeJALMOHHON PYyHKIMH (cM. Tabut. 6.2).

Taboimuna 6.2.
Howmep nara o s.e. (1) (i)kk s.e. ((i)kk)
1 0,829 0,082 0,829 0,082
2 0,672 0,126 -0,048 0,082
3 0,547 0,148 0,009 0,082
4 0,435 0,161 -0,034 0,082
5 0,346 0,169 0,005 0,082
6 0,279 0,174 0,012 0,082
7 0,189 0,176 -0,116 0,082
8 0,154 0,178 0,114 0,082
9 0,145 0,179 0,047 0,082
10 0,164 0,180 0,100 0,082
11 0,185 0,181 0,028 0,082
12 0,207 0,182 0,038 0,082

Bronotes o 9-oro Jiara 3HadeHMA BBIOOPOYHON aBTOKOPPEJIALMOHHON (PYHKIIMM T')
yOBIBAIOT IO BeJMYMHE, a IIOTOM OHM HAaYMHAIOT HeMHoro pacTu. MoyKHO chesaTh 3aK-
JIIOUYeHMe, YTO ITOT Ipollecc abCOJIOTHO TOYHO He ABJAeTCA OesbIM IymMoM. B To ke
BpeMs COMHEHMII B ero cralMoHapHoCcTH HeT. IIATH MepBBIX aBTOKOPPENALMI CTaTUCmI-
YeCKM 3HAYMMBI, OCTaJibHEIe HeT. Iloxoske, UTo pAm MOMKeT MMeTh IIOPANOK aBTOperpec-
cumu 1 mam GoJbllle, BO3SMOYKHO, yBeJIMYUeHMe 3HAYEHMII (PYHKIMM Iocjye 9-0ro Jjara EbI-
3BaHO IIPUCYTCTBUEM IIaPHI KOMILIEKCHBIX KOPHEHN B XapaKTepPUCTUYeCKOM YPaBHEHUM.

[ mpoBepKY HAJIMYUA aBTOKOPPEJAINMI Y MCXOOHOTO PAa MOCMOTPUM 3HAUYEHUA
mopTMaHTo-cTaTHCTHE! @Q(12)=305,0, a Q(12)=295,2. IlocKoJbKy M3BECTHO, YTO Ma-

. . o 2
TeMaTHn4decKoe oxKnjaHyne cJaydallHoM BeJIMYMHBI, paclipefeJieHHON II0 ., , PaBHO k, TO

Jaske O0e3 Tabymi] IOHATHO, YTO, MCIIONL3YA @ CTATMUCTUKY, MBI JOJIKHBI OTKJIOHUTEH M-
TIOTe3y O TOM, UTo IlepBhble 12 TeopeTUHUecKMX aBTOKOPPEeNALIl COBMECTHO PaBHEBI HYJIO.

Crour mocMOTpeThH Ha IIOBefleHMe BLIOOPOYHONM HYACTHOM aBTOKOPPEJIALIMOHHOIM
dpyuximy. EnyHCcTBeHHOE CTATUCTMYECKM S3HAYMMOe 3HadeHMe BBIOOPOYHOM YacTHOI
aBTOKOPPEJAMOHHON PYHKIMKM — mepBoe. MoKHO ceslaTh BBEIBOJ, UTO 3TO AOCTATOYHO
BeCKOe CBUETENBCTBO B MMOJL3Y Momesn AR(1).
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Pas pan cramumonapen, To d=0. CiemoBaTesbHO, MOJEJb, CKOpee BCETo, MMeeT
Bupg ARIMA(1,0,0). Koreuno, 3To He eIMHCTBEHHAsA BO3MOMKHOCTL. [laBailiTe olleHMM
oty Mmogenb. Mogens AR(1) oineHmMBaeTcsa IpPOCTO METOLOM HAMMEHBIIIMX KBaIpPAaTOB,
uTo JaeT CcJenyiollye pPesyJbTaThl (B CKOOKaX IIof OLleHKaMM Ko3(p(PUIIMEHTOB — UX
CTaHOAPTHLIE OLIMOKN): X,=0176+085 X, | +e,; 6 =0870. Mu1 Buaum, uTo interest

(0,008) (0,045)

rate spread y:xe MMeeT CMBICJI IIPOTHOSMPOBATL, TaK KaK HeKOTOpasd MHQpoOpMAIUA O
ero OyIylIeM COZEpsKMUTCA B €ro TeKylleM 3HadeHMM. Mofesb colep:XKMUT 3HAUMMBIN
cBOOOMHBIN YJIeH, DTO O3HaYaeT, UYTO y PAfa ecTh HeHYJeBoe MaTeMaTHdecKoe OKuaa-

. 0,176
Hme. Ero oieHka paBHa H=1"0%856

craBaseT 0,506. Q-craTucTuka AJiA pAfa OCTATKOB 3TOM Moaesy cocTaBuia 13,21, 4ro
OYEeBUJIHO CBUJETEJBLCTBYET 00 OTCYTCTBMM &BTOKOPPEJIALMI, XOTA MbI IIOMHMM, HYTO
TeopeTHHecKy 3TOT TeCT B37leCh HellpuMeHMM. BrpoueM, TecT MHO)KMTeJel JlarpaHsxa
IIPUBOIUT K TOMY K€ BLIBOZY.

Harr nogxon Bce BpeMaA cTpomJscA Ha TOM, UTO MbI IIOAOMPAY HAMJIYUIITYI0 MO-
Iedb. EcTh anbTepHAaTMBHLIN Homxon. Ecim MBI MOKEM OOMH M TOT $Ke IIPOIleCcC Ballv-
caTb MOAEJNAMM ITOCTATOYHO OJMBKMMM II0 XapaKTepuCTHKaM, TO OyzeM (popMMUpPOBaThH
TaK HasbIBaeMBI NOPTQess Mogesell (HabupaTs Ipymnily Mozeseli). B Hailem caydae B
IIepBYIO odepensb MMeJio OBl cMBICT paccMmoTpeTh Mozesmt ARMA(L1) n AR(2). Ilocue
OLIeHMBAHUA IIOJIYIMM CJIEAYIOIIE MOJEJIN:

=1,227, cranmapTHasa olmMOKa DTOM OIEHKM CO-

AR(2): X, =0,197+0,927X, | —~0,079X, , +e,; 5=03869.
(0,101)  (0,054) (0,084)

ObpatnTe BHMMaHMe, OII€HKA OCTATOYHOIN CYMMEBI KBaAPATOB CTAJA UyThb MEHb-
11le, HO He OUeHb CyITecTBeHHO. KoadpduimeHT mpn BTOpoM perpeccope He3HAUNUMBINL.

ARMA(LY: X, =0.213+03831X, , +e, +0.092¢, ,;  6=0870.
(0,104)  (0,051) 0,095

VI B »TOM MOZes M yMeHBIIIeHUA OLIeHKY NMUCIIePCUM OLIMOKM He IIPOMBO0IILI0, XOTH
MbI nobaBusm mapamerp. EcrecTBenHo, uto Mbl orgaem mnpexmnourenue AR(1). Metop
MHOKMUTeJell JlarpaHska, IPpUMeHEHHBI K Kajk[Ioll M3 ABYX MofeJielf, IoKasalJ oTCyT-
CTBUE aBTOKOPPEJIAIINU OCTATKOB.

IlpuBenmem elre ommMu IpMMep, KOTOPBIN MMOKA3BIBAET, YTO OTOOp JIydIlel Mozesm
no kpurepusaM AIC u BIC moskeT mpuBecTH K pasjMYHBIM pe3yibTaTaM. PaccMoTpuM
PAL MecSAYHBIX 3HAYEHMIT MHIEKCA [eJI0BOM aKTuBHOCTM 1A Bemmrxobpurammu FTA All
Share (Financial Times-Actuaries) 3a nepuog ¢ 1965 mo 1990 rr. [8]. Pag macunThIBaeT
okojyo 300 Touek, T.e. IOCTATOYHO IJIMHHBIA. BHauajle paccumTaeM 3HAYeHUSA BLIOOPOI-
HBIX aBTOKOPPEJIAIVIOHHON ¥ YacTHOI aBTOKOPPEJIAIMOHHOM (PyHKIMIT (cM. Tabi. 6.3).

Kpome Toro, Opina mocumrana Q-cratmctmra, @(12)=19,3. Apryment 12 yrasbi-
BaeT KOJIMYECTBO CJIATAEMBIX, BKJIIOYAEMBIX B CyMMY, T.e. KOJUYECTBO aBTOKOpPpPeJIs-
1Mii, COBMECTHOE PABEHCTBO KOTOPLIX HYJIO IpoBepseTca. HyseBas rumoresa Ijia 3Toi
CTATUCTUKM 3aKJHYAEeTCA B TOM, YTO BILIOTHL O Jlara C HOMepPOM 12 MCTMHHBIE 3HAaYe-

HUA p, PaBHBI HyJO. OKBUBAJEHT p-value mma @(12) cocrasua 0,08. CienoBaTensHo, Ha
YPOBHe 3HAUMMOCTM 5% MBI He MOYKEM OTBEPTHYTL HYJEBYI) TMIIOTe3y 00 OTCYyTCTBMM

HeHYJIEBBIX BHAYeHMII aBTOKOPPEJIALMOHHON (PYHKIMM CJIyYaifHOTO WieHa BILJIOTE IO
nopAnKa, paBHOTO 12.
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Taboimua 6.3.
KoauygecTBo narop T s.e. (1) (i)kk s.e. ((i)kk)
1 0,148 0,057 0,148 0,057
2 -0,061 0,059 0,085 0,057
3 0,117 0,060 0,143 0,057
4 0,067 0,061 0,020 0,057
5 -0,082 0,062 -0,079 0,057
6 0,013 0,062 0,034 0,057
7 0,041 0,063 0,008 0,057
8 -0,011 0,064 0,002 0,057
9 0,087 0,064 0,102 0,057
10 0,021 0,064 -0,030 0,057
11 -0,008 0,064 0,012 0,057
12 0,026 0,064 0,064 0,057

Mz Tabn. 6.3 TpymHO cpa3y BBIABUTHL KaKoe-TO OIIpefleIeHHOe IIOBENIeHME T
umn ®,, , HeT yObIBaHMA 3HaUeHMII IO abCOJIIOTHOl BeNMYMHe HAYMHAA C HEKOTOPOTO

HOMepa. 3HaYeHNUA 7, AJA JaroB 1 M 3 3HAYMMEBI Ha D-IIPOLIEHTHOM ypPOBHE 3HAUMMO-
CTM, €cJIM MBI IIPMMEHNM KpPUTHUeCKMe BHAUYeHUS HOPMAaJBHOrO paclpepneserns t=1,96.
Bo Bcakom ciyuae, TPyAHO YBUIETH B 9TUX AAHHBIX CBUAETEJLCTBA B ITOJIB3Y TOYHBIX
BHaYeHMI mapaMeTpoB P u q. Ilokasryii, MMeeT CMEBICT paccMaTpPUBATL P U q He OOJb-
1te 3, IIOCKOJILKY 3Ha4YeHMA ¢ OOJBIMM JaroM HesHaumMbl MTar, p<3,4<3. M=bI He

NIBITAEMCH OIIPEeNeNNTh TOYHO P M q, a BLIOMpaeM HeKMe MX MaKCUMAJLHO BO3MOKHEIE
BHaYEHUA.

IlockoneKy BHaYeHMA BLIOOPOYHBIX ABTOKOPPEJIAIMOHHON M YacTHOI aBTOKOppe-
JIAIVIOHHO¥ (PYHKIMI OBICTPO CTAaHOBATCA HE3HAYMMEBIMY, €CTh OCHOBAHMA CUUTATE PHAJ

CTall¥MOHa PHBIM. B IIpUHIMUIIE IIOBEeOEHUE 7T U CDkk COOTBeTCTBYeT cXeMe IIOBedeHUA

CTAITMOHAPHOTO PAfa. Y HAC eCTh HEKOTOPOe KOJMYECTBO 3HAYMMBIX BHIOOPOYHLIX 3HA-
4eHWUI, IpaBaa, He BUAHO, YTOOBI OHM SKCIIOHEHI[MAJLHO yOBIBAJIM, HO, 110 KpaliHeil Me-
pe, cTallMoHapHBIE MOJEJM C P M ¢ MeHBIle MJIM PABHBIM 3 BIIOJIHE pasyMHbIE «KaH-
IUOATED» Ha OoJiee TIogpoOHOe MccliefoBaHMe.

OnuH M3 MOMYJAAPHBIX MIOOXOLO0B 3aKJIOYaeTCsa B TOM, UTO CTPOATCHA BCe MOIeN N

na p<3 u q<3. 3meck X coBceM HeMHOro. IJoaToMy cocTaBuM CBOIHYIO TAbMMUITY AJIA
sHadeHuit kpurepues AIC u BIC B 3aBMcKHMOCTU OT MapaMeTpPOB MOJEJIL

Tabimuna 6.4.
Kpurepuit AIC
q
P 0 | 1 2 | 3
0 3,701 3,684 3,685 3,688
1 3,689 3,685 3,694 3,696
2 3,691 3,695 3,704 3,699
3 3,683 3,693 3,698 3,707
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IIpomonsxenne TabaMITbL

Kpurepuit BIC

P 0 [ 1 - [ 2 [ 3

0 3,701 3,696 3,709 3,724
1 3,701 3,709 3,730 3,744
2 3,715 3,731 3,752 3,759
3 3,719 3,741 3,758 3,779

Kax Bupno, mo kpurepuio AIC, MyHMMAaNBLHBIN NokasaTens y momesm ARMA(3S,0).
Ilo xpurepuro IIBapiia HammydIeil okaszajtack gpyrasa Mmogeas ARMA(0,1), T.e. cKoNIB35A-
Illee cpefiHee IIEPBOTO IIOPAIKA.

PaccvoTpum orenennble Mozen, oToOOpaHHEBIE 10 000MM KPUTEPUAM.

s momenn ARMA(3,0) ObLI0 TIOJIyUeHO clenylolllee PerpeccuoHHOe ypaBHEHUE
(B ckobkax — cpenHeKBaZpaTUYecKMe OHMMOKM OLIEHOK COOTBETCTBYIOIINX Ko3phuipi-
€HTOB)'

X, =44140173X,, -0108 X, , +0144 X, , +¢,; 6=625.
s.e (0,62) (0,057) (0,057) (0,057)

Ona momemn ARMA(0,1) 6p110 mosrydeHo:

X, =558+0186e, , +e,; 6=629.
(0,35) (0,056)

IIpesxme Bcero oTmMeTmm, 4TO Bce KO(DPUIMEHTHI B 00eMX MOAENAX 3HAUMMEL
Bo-BTOphIX, HOJNyUeHHBIe MOAEeNM BLITIANAT BecbMa pasHbIMK. JaBaliTe IIOCMOTPUM,
Tak Ju 9T0. HauHeM ¢ olleHOK MaTeMaTudecKux oxupanuit. Jma momemmn ARMA(O,1)

OlleHKa MaTeMaTU4YeCKOIO OMKUIaHWUA, OYeBUAHO, paBHa A=558, a mua Momesu
ARMA(3,0) olleHKa MaTeMaTHUUeCKOro OYKMaHUA OyZeT paBHA

. 441
A 120173+ 0.108—0.144

=558.

Bupno, 9To mo oljeHKe MaTeMATUYECKOTO OKUOAHUA HTYU MOJEJM SKBUBAJIEHTHBL

Tax kak ARMA(0,1) — aTo, mo cyTty, ects mogests MA(1), u xoadpdpuiment 0,186
MeHBIIle 1, 3Ta Mozesb ABJAeTcA obpaTumori. IloaToMy oHa 3KBMBAJIEHTHA CJIeAYIOLIIE-
My BBIPasKeHUIO!

g, =0, —0186X, | +(0,186)>X, , —(0186)° X, , +..=6, —0,186X, , +0.035X, , ~0,006X, ; +...

Temneps MOKHO CPaBHUTL COOTBeTCTBYIoOLMe Kodpdpuimentsl: 0,173 u 0,186 (aT0 mep-
Bhle K02 PUIMEHTEI cOoOTBeTcTBYIMX Moneseit); 0,035 u 0,108 u, HaxoHel, Hocsen-
Hme — 0,006 u 0,144. Ecan nepsBele KoadpuimeHTs! OoJiee MM MeHee COOTBETCTBYIOT
IpyT APYTYy, To HOoCJeAyIOllMe yyKe He odeHb. OTO O3Ha4aeT, YTO KPaATKOCPOUHAA OM-
HaMMuKa MojeJel pasandHa. Ho ecsam cJI0KUTE Bce KO3(POUIMEHTBI, TO 3TU CYMMBI
OKaBbIBAIOTCA AocTaToyHo OimskmmMu. Opna pasra 0,843, a BTopas — 0,791. Cymma Ko-
3(P(PUIMEHTOB MOJENM C paclpeleJIeHHBIMM JlaraMy XapaKTepusyeT IIOJIHOe MJIM IIOJ-
rocpodHoe IoBefleHMe. IloaToMy moJsirocpodHoe IIOBeLeHMEe STUX IABYX MofeJeli He
Oo4eHb OTJaMYaeTcsa OPYT oT Apyra.
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Kar y:xe ymommHasoch, OblIa IpefJiosKeHa Apyrad uiesd, Maed MCIOJIL30BAHMUA
noptdens mogenaeit. T.e. BMecTo TpeboBarnsa BeIOOPA OOHOM €AVHCTBEHHON MOJAENM MBI
BeIOMpaeM Habop, NMoOpTdent Mozesel, KOTOPHIMM MOKHO OIIMCBIBATEL JCCJIEeAyeMBbIi
BPeMeHHOI pAxm,.

YT00BI cPOPMMPOBATEL 3TOT IOPTESL, OBLI IIPEeAJOMKEH IBPUCTUYUECKNI II0/IXO0,
T.e. 6e3 cTpororo oOOCHOBaHMUHA, IIPOCTO M3 PasyMHBIX coobpaskenmii. Poskitt m Tre-
mayne B 1987 r. [12] npenioskmaM paccMaTpMBATL B KadecTBe Mepbl OJMBOCTYM Moze-

(—ATLAIC(p g ~AIC (p.q)]}
p

Jeil cJenYIOUIVIO BeJUuuHy: R =eX . 3mech mapaMeTprI (P, q1)

XapaKTepUsYIT HaWJIYYIIYI0 II0 paccMaTpUBaeMOMy KPUTEPMIO Mojesb. A AjA Bcex
OCTAJBHBIX MofleJell ¢ mapameTpamy (p, q) Mbl paccumTbiBaeM Besmuuuy K. Huxakoro
COZlepPsKaTeBLHOTO CMBICJIA B HEJ HeT, 3TO IIPOCTO Mepa «PacCTOAHMUA» MEMIY MOJeJssd-

mu. Poskitt n Tremayne npensosn BRJIIOYATL MOJENb B IIOPTQENs, ecan R <4/10.

IIpumennM 3TOT MOAXOJ K HaIlleMy IIPUMepPY, MOCMOTPUM K KaKMM MOMEJAM MBI
npuxoaum. Kpurepuit AIC orbupaer B HallleM caydae 6 Mozesent:

13.,0):(0.1):(0.2); (1.1):€0.3): (1LO)} ,

KOTOpbIe pasyMHO paccMaTpUBATh.
A Bot kputepuit BIC BriGpas Bcero 3 mozemn: {(0.1);(1,0);(0,0)} . JrobonbiTHO, YTO

o kpureputo BIC paske momens (0,0) BrtodaeTca B IOPTQeNb, T.e. Jaske MoOJeNb UyC-
Toro OeJioro IIyMa He TaK yiK ILIoXa. Bce Mozesm odeHb IIpoCThIE (C MAJBIM UMCJIOM
KO3(p(PUIMEHTOB), KaK MBI yiKe oTMedasm y Kputepusa BIC Gosee cepbesnble mrpadsbl
3a TIOTEPIO cTelleHell cBOOOLL

OrobpaHHLIE MOJe MOYKHO JMCIIOJNL30BAaTHL AJIA IIPOTHOSWPOBAHUA M JJIA IIOMCKA
BBaNMOCBA3€l MeKAYy IlepeMeHHLIMM. JTo OoJiee MM MeHee KeCTKMI oTOOp «KaHIuIa-
TOB».

Jdexmusa 7

IIpornosuposanue ¢ momorbio ARMA moneneii

IIpornosupoBanme OymyImX SHaueHMI DKOHOMUYECKON BeJMUMHBLI ABJIAETCA OI-
HUM M3 OCHOBHBIX CIIOCO00OB IIpMMeEHEHU: MoZeJell BPeMeHHBIX pAnoB. Mcmosb3oBaHue
mozenert Tuia ARMA obnaznaeT HEKOTOPBIMY OCODEHHOCTAMM II0 CPABHEHUIO C IIPOTHO-
BMPOBaHMEM II0 MOIEJM MHOKEeCTBEeHHOM perpeccun. Ilpym mporHosupoBaHum o Ipa-
BUJIBHO CIeln(pUPOBaHHON Momesu, BooOIle ToBOPSA, CYLIECTBYIOT 2 UCTNOYHUKA OWU-
60% npozHo3a:

— HeOIpeIeJIeHHOCTE OYyOYIIMX SHAUYEHUI CIyYaiiHOM BEJUYUHE] &)

— OTCYTCTBMe TOYHBIX 3Ha4YeHMI K03(P(PUIMEHTOB MoZesn (y HAC €CTh TOJBKO
MX OLIEHKM, OLleHeHHBIe II0 MMeIollelica BEIOOPKe).

IIpu mporHosMpoBaHMM [0 MOZENYM MHOMKECTBEHHOM perpeccuy MBI OLIEHMBAEM
3Ha4YeHMe 3aBMUCUMOM IIepeMeHHON IpY 3aJaHHLIX SHAYEHMAX HEe3aBUCUMBIX IepeMeH-
HBIX — PerpeccopoB. OTO MPUBOAUT K TOMY, UTO XapaKTePMCTUKM IIPOTHO3a, KaK CJIy-
YalfHOM BeJIMYMHBI, ABJAIOTCH, II0 CYTH, YCJIOBHLIMM XapaKTepPUCTUKAMU IIPU YCJIOBUK
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MMelolelic BBIOOPKM HE3aBUCMMBIX IIepeMeHHBIX. VIHas cuTyalus B MOAEJNAX THIIA
ARIMA. 3HaueHNe IIepeMeHHO} IPOTHOBMPYETCH AJIA HEKOTOPOro OyAyIIlero MoOMeHTa
BpeMeHM, IIpM 3TOM JaroBble 3HAUEHUA 3Toll IepeMeHHOI, ciysKalllile perpeccopaMu
MOJeJIM, MOYKHO pPaccMaTpyuBaTh (PUKCHPOBAHHLIMM Ha BLIOOPOYHBIX 3HAYEHWUAX, WJIN
ciaydaliabiMu. IlepBas BOSMOYKHOCTE IIPUBOAUT K YCJIOBHOMY IIPOTHO3Y, KaK U JJIA MO-
JleJ1 MHOYKECTBEHHOI perpeccuy, a BTopas — K DesycjoBHOMY IporHosy. Taxkum obpa-
30M, IIpK HIporHosupoBaHuu o mogesu Tuna ARIMA MoskHO paccMaTpMBaThL KaK yc-
JIOBHBII, TaK 1 0e3yCJIOBHBIM IIPOrHOBLL V3 Kypca Teopuy BepoATHOCTEN M3BECTHO, YTO
YCJIOBHAA IUCIIEPCUS CJIY4YalHOM BeJWYMHBI He IIPeBBIIaeT ee 0e3yCJIOBHYIO IUCIIep-
CUIO, TIOBTOMY TOYHOCTB yCJOBHOTO ITPOTHO3a BCerfa BHILIE.

IIpu mpormosupoBanmy mo momean ARIMA or mmeroinelics BbBIOOPKM 3aBUCAT
KaK OLIeHKM KO3(D(PUIMEHTOB MOJAENM, TaK M BHAUEHUA PErpPeccopoB, IIOITOMY CJIOMKHO
aHAJIUTUYECKN BBLIPABUTE YCJIOBHYIO IMCIIEPCUIO OIIMOKM IIPOTHO3a Hepes MMeHIIecH
BHa4YeHMUA BpeMeHHOro paAna. OOIIeNPUHATO OTPaHMYMBATHECA He OYEeHBb PeaJsMCTUYIHBLIM
IIPeJIIOJIOMKEHEM O TOM, YUTO KO3(P(UIMEHTHI MOAEeNN M3BECTHHI TOuUHO. Pasymeercs,
3TO MPEIIIOJ0KEeHNe YMEHbIAeT OUCIIEPCUI0 OIMOKY ITPOTHO3a, YeM yBeJMdIMBaeT Ka-
SKYIITYIOCA TOYHOCTBH KaK YCJIOBHOTO, TaK ¥ 0e3yCJIOBHOTO IIPOTHOB0B.

IlokasaHo, 4TO ecaM MBI XOTMM JOCTUYE MMHMMYMa cpelHeKBaJpaTHdecKoii
otmbru (MSE), T.e. He TpeboBaTE HECMEIIIEHHOCTH, TO HaZl0 B3ATH yCJIOBHOE MaTeMa-

TUYecKol ommpanme: L{X, ,|X,..X,}. Takoe ycJoBHOe MaTeMaTHYeCKOe OXKMUIaHNe

Oynmer rapaHTHpoBaTh Ioaydenue MSE, nmu nnaorna ee obosrHawator MMSE, T.e. Mini-
mum mean square error.

Haunem ¢ momesmr MA(q): X, =0+¢, + P, | +.. +ﬂq81—q . Me1 nostaraeMm, 4TO KO-

3 PUIIMEHTE MOJIeJIM TOYHO M3BECTHHI, M YTO MMelTcsa 3HaudeHusa X; mna fe[L7].
OueBngHO, 4To 0€3yCJOBHLIM TOYEYHLIM IIPOTHO30M IJiA JIIO0Or0o MOMeHTa BpeMeHU 0y-
IeT MaTeMaTHdecKoe OKMIaHMe Ipollecca, T.e. §. YCJIOBHBIM IIPOTHO30M OJIA MOMEHTA
Bpemern 7+1 OyzeT ycJoBHOe MaTeMaTHYeCKOe OKUIAHUE

Xpg =EO+er, + Per +o+ Poer_ g X Xr 3

Cpemy coydaliHBIX BeJWYMH & KOTOPBIE CTOAT B JIEBOI YacTM, ecTh TaKue, KOTOpHIe
CBABAHLI ¢ MMelommMuca Habmogennavnu. Beabh HaOJMOOeHMe CKJIAOLIBAETCA M3 «MO-
JeJILHOTO» 3HAYeHMA M OImMOKM, II0ITOMY YCJIOBHBIE MaTeMaTHYecKMe OMKMIAHUSA BCeX

cllaraeMbIX, KpoMe &;.,, He paBHBI HymO. PacemoTpum cravama F{e,|X|,.. X}, noTomy

YTO CX€eMa OJIHA M Ta ’Ke. ITO MaTeMaTUYeCKoe OMKMUAaHNEe — OCTATOK MeAy Hadione-
HIMeM M pacieToM, IPOTHO30M IIC Mojesn, T.e. e, = X, -X ;- IloaToMy ycJioBHEIE MaTe-
MaTH4YecKye OMKUIaHWA OT BCeX IIPEeNBIAYINNX BHAaUYeHMI CIIydaliHoi CcoCTaBJIAIOIIEN
HaJ0 3aMEHNUTL COOTBETCTBYIOIIMMM ocTaTKaMy. TOYHO Tak sKe KOHCTPYyMpPyeTcs IIpo-
THO3 He Ha 1, a Ha 2 u BooOlle Ha h I1aroB Bliepen. Bee mocsenyroime & 3aMeHAIOTCA
HyJIAMY, a IpeAblIyle — B3aMeHAITCA peaJbHO HabJromaeMbIMM ocTaTKamy. Takmum
obpasom, ans momesn MA(qQ) mporHo3 3aBUCUT OT TOTO, KakKye OIMOKM OBLIM Ha IIpe-
IBIOymX marax. Haunzas ¢ mara (g+1) ycJIoBHBINM IIPOTHO3 IIpeAcTaBJsgeT coboli Ipo-
CTO MaTeMaTU4YecKoe OKMUAaHue O, T.e. YCJIOBHLIN IIPOTHO3 COBIAZAeT ¢ 0e3yCJIOBHBIM.
PaccvoTpum ycnoBHYIO AMcIepCcHio OIIMOKM ITPOrHO3a Ha 1 1mar:
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var(y,, - XX X0) = E{(O+&p, + By +.t By —0— By +..+ Bep o NN Xp) =00

AHaJOrMYHO AMCcIIepcHs IIPOTHO3a Ha 2 Imara paBHa var(X, ., — X,  |X,. X ) =0+ ﬁf )05 ,

a JOucIlepcKsa IPOTHO3a Ha h IIIAT0B COCTaBUT (1+ﬁ12 +...+ﬁ5)0§ npu h<q. Ilpu h>gq

nucriepcysa oMOKYM yCJIOBHOTO IIPOTHO3a CTAHOBUTCH PaBHOM mucliepcuy onmbrm Oes-
YCJIOBHOTO IIPOTHO3a, T. €. IIPOCTOo AMCIepcHun ciydaliHoro mporecca X, .

Teneps paccMOTPUM MOAENL cTalMoHapHoro mpottecca AR(p):
X, =0+ X, +a, X )+ +a, X,  +é&.

IIJIH IIPOTHO3a Ha 1 mmiar BIlepeq MOYKHO 3allMcCaTh!:

Xpg =B (X X = B0+ Xy +o 4o, X +ep | X X pi =0+ Xp ++a, Xp

Mg pocTo mozcTaBiAgeM B ypaBHEHNME MOAENU P IPeALIIYINX 3HAUEHUI peansarium
BpeMeHHOro psazna. JJa mporHosa Ha 2 Iara BIepe[, [IOJIydaeM:

E{XT+2X1>~~~XT}:E{9+%X +ep X X

T+1

+...-|—0¢pXT7p+2

PasyMeeTc;{, MaTeMaTu4YeCKoe oxKmnagaHmue oT cnyqaﬁHoﬁ OLIMOKM £ OIATL agacT 0,
YCJIOBHEIE€ MaTeMaTUYeCKMe OKUIOaHUA OT Xl ,X2 ""’XT PpaBHBI cCaMMM 2TUM 3HaAYECHM-

AM, HO B 3TO BBIPpaMKE€HME BXOAUT YCJIOBHOE MaTeMaTU4YeCKOe OXKMIOaHue OT XT I10-

+17?
JIYUYE€HHO€ Ha IIpeAbIaylileM Iiare. Mosxmo IIOACTaBUTL €TI0 BBIPaAYKEHNME M IIOJY4UIUTH
pasBepHYTYI0 (QOPMYJy dUepes B3HAUEHWS peaJusalMy, HO OOBIYHO 3TO He HYKHO.
Y,u06Hee paccMarpBaTh PEKYPPEHTHOE COOTHOLLEHNE, CBA3BIBAlOIIee IIocjenoBaTeJb-
HbI€ 3HaA4YEeHUs IIPOTHO3Aa. OTO COOTHOIIIEHNE ABJAECTCA JIMHENHBIM PasSHOCTHEIM ypaBHe-
HMeM IIopAdKa p, M €ro peleHnmue CTpeMmuTcesa IIPpU YBeJUYEeHUN ! K BeJMYMHEe

g

I-¢ -,

YCJIOBHYIO AMCIIEPCHUIO OLIMOKM IIPOTHO3a MOYKHO PacCUMTaTh aHAJOTMYHO CIY-
4al MoZeJM CKOJBb3ALIEero cpefHero, HO BBIKJAAKKM CTAHOBATCA BecbMa IPOMO3OKMMU,
JlasKe IJIA MojeJsiell MaJjoro nopaaka. Paccemorpum, Hanpumep, mopess AR(2) 6e3 cBo-

, T.e. OIIATE K 0€3yCJIOBHOMY ITPOTHO3Y.

oopguoro wnena. Torga X, , =X, +o,X, 4, a X, =g X, +0, X, +&7,, . OdeBusHO,
2
YTO Jyclepcua olmMOKK NPOTHO3a Ha 1 mar pasHa o . JluA mporHosa Ha 2 IIara cooT-
BETCTBEHHO IIOJIydaeM:
Xy =X,y o, Xy = (g Xy +a, Xy ) +a, X,

X, =X

712 ra FOXp v ep, =0 (X +o,Xp  +ep )+, X +ep,,.

HOucrniepcus ommbrm nporHosa Ha 2 1mara pasHa: (1+ ﬁlz)agz. Jia mporHosa Ha 3 IIara

[TOJTYYIMM!
Xpy =X gy +o, X0y =0y (og (g Xy +o, Xp ) +a,Xp) +a, (g Xy +a,Xp ),
Xpa=og Xy, v, Xy +ep5 =

=oy (o (@ Xy +o,Xp e ) o, Xy tep )ty (o Xy +a, Xy +ep,)tep,;.
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HOucrniepcus ommbkm mporHosa Ha 3 Imara paBaa (1+ ﬁlz + ﬂ22 +2 ﬁf B+ ﬂf)ag .

OueBUIHO, YTO AUCIIEPCUA OLIMOKM YBeJWYMBAETCA OT Iara K IIary.
3HaunTeJBHO DoJiee IIPOCTLIE BLIPAYKEHUA IJIA AMUCIIEPCUM OLIMOKM IIPOTHO3a I10-
JydaloTcd, ecam Iepeiitu or AR(p) mpencraBieHMs MozeaM K SKBUBaJeHTHoMy MA

mpencTaBieHnio X, =0 +eg, +yqg,  +.+ W6 4., XoTdA U C 0eCKOHEYHBIM YMCJIOM

cJlaraeMBbIX. Tor,ua AVcIie pcusa OILIIMOKM IIPpOrHo3a Ha h 11aros BBIpaKaeTcs O‘-IeBI/I,Z[HOIZ

h-l
dopmy 03t 052(//1.2 (y,=1.
i=0
s obiert mogent ARMA(p,q) HY»KHO IIPOCTO 00BEIMHUTL TO, UTO MBI celdac
nosyunian. Ecan Mbl XxoTuM HoxyunTe MMSE nporxHos, To MbI paccUMTBIBaeM IIPOTHO3-
Hble 3HAYEHMA II0 HAIlle}l Mojesy, HOACTaBJIAA Tyha 1A BpeMenu [1,7] — HabmomeH-
Hble B3Ha4YeHMA X M pacCcUMTaHHLIE BHAYEHMA OCTATKOB, a JAJIA BCEX IIOCJIEAYIOIIMX MO-
MEHTOB BpPeMeHM — BaMeHAeM OCTAaTKM HYJAMM, a AJA 3HadeHMii X IoACTaBIAeM MX
IIPOTHOBHLIEe 3HadeHMdA. JyA mosydeHuMs Aucrepcuy oIMOKM ITPOTHOBA IIEPEXOIMM K
MA mnpezncTaBIeHNIO U MIOJB3YEMCH TOJBKO YUTO IOJYUeHHON (POPMYJION.
B xauecTBe mpumepa pacemorpum Mmojess ARMA(LL) X, =aX,_, +g, + B, ;.

Torma X, =(l-al) '(1+ fl)s, =(I+od +o*L* + . )1+ fl)e, =&, + 6, | + 1,8, 5 +..., THe

m=a+p, m=al+p),. ,n = " Na+ ). Haumnas co BTOporo K03 PUIMEHTEI

yOBIBAIOT B reoMeTpudecKoli rporpeccuy. Teneps JErKo IOCYNTATL AMCIIEPCUIO OIIMOKK

-l h-l 2h
IIporHO3a Ha /i IIIAroB! 052 2771.2 = 052 a+ ZaZi(a + ﬂ)z) = 052 a +%1—20¢)) . Cpas-
i=0 i=0 -
HMUB C Pes3yJILTATOM, IIOJYYEeHHBIM B JIEKIMM 3, BUAWM, YTO M AJIA 3TON MOAeJu Oyc-
nepcus oUmMOKM IIPOTHO3a aCUMIITOTMYECK) PaBHa IUCIIEPCUM BPEMEHHOTO PAa.

Bo Bcex paccMOTpeHHBIX CIIy4adX YCJIOBHBIN TOUYEYHBIN ITPOTHO3 acUMIITOTHHE-
cKM NpubJIMeKaJica K MaTeMaTUIeCKOMY OMKMUIAHMIO PANA, a OUCIIePCUS OLIMOKM IIpO-
THOBa — K JUCIIepcuy pAfa. ITo 03HAYaeT, UTO AJIA CTAIMOHAPHOTO IIpollecca BJMAHME
uMelolelica MHPOPMalMM 0 peasu3allyl Ha IIPOTHO3 M €r0 TOYHOCTEH aCUMIITOTHUYECKU
yObIBaeT [0 HysA. K ToMy ke IIpyM yBeJMYeHUM TOPMBOHTA ITPOrHOBa AYCIIepCHs oImb-
KM He IIPeBBIIIaeT AMCIIEPCUM BpPeMeHHOro psna. HarmoMHMM, 9TO 3TOT pesyJbTaT fAB-
JISeTCH CJIeZICTBMEM HePeaJMCTHYEeCKOro IIPEeIIIOJNIOMKEHNA O TOM, YTO KO3(P(UIIMEeHTh
MOJeJIMI M3BECTHEI TOYHO.

Tak Ke, KaK ¥ B MOJeJIAX MHOYKECTBEHHOJ JIMHENHON perpeccum, Xopolee Ka-
decTBo noAroHKM Mogeau ARIMA He rapaHTHpPyeT BBICOKON TOYHOCTM IIPOTHO3a, T.e.
BBLICOKOJ ITPOTHO3HOM cuJbl JJI OLEHKM IIPOTHO3HBIX CBOVICTB MOJIENV OJHMM M3 OOIIE-
YHOTpPeOUTENLHBIX IIPMEMOB fABJAETCA pas30MueHNe MMeIelica peayma3alyuy Ha 2 HacTu.
Ilo mepBEIM 17 HabmoneHMAM BLIOMpPaeTCa M OLIEHMBAETCA MOJeNb, a Io rnocjeHum (7-n)
HaOJIIOIeHNAM IIPOBOAUTCHA CpaBHEeHMEe HaOMIONEHHBIX M PACCUUTAHHBIX 110 MOJeNV 3Ha-
veHnit. Takas npoleiypa MHOTA HasblBAeTCA IIOCTIIPOTHO30M. CpaBHMBAA [ITPOTHOBHYIO
cuty MojeJsieif, orobpanHbIX 1o Kputepuio Ilockntra—Tpemerina, Mbl BLIOMpPaeM «HaM-

JIYUIITYIO».
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HecTranuonapubie BpeMeHHBIE PAIBLI

Celiyac MBI HepexoAMM K pPacCMOTPeHMIO HecTallMOHAPHBIX BPeMeHHBIX PAMOB.
Temneps curyamma wusMenmsaacb. V3 Teopembl Bosbga cienmyer, 4To MoZesJM THIIA
ARMA oxBaTBIBAIOT Bce cTallMOHapHBIe IIpollecckl. A BOT ¢ HecTalMOHAapPHBIMM Bpe-
MEHHBIMM PANAMM CUTyalMs MHasA, (paKkTUUecKyu MBI OyeM paccMaTpMBATBH TOJBKO da-
CTHBIe BUJIBI HeCTAIMOHAPHBLIX BpeMeHHBIX pAmoB. C ogHMM M3 TaKMX BUJOB MBI yKe
Berpevasuck. Ilo onpepenenuio momenm ARIMA(p,d,q), d — 3To cremeHb MHTErpanmuy
pAna, T.e. PAL CTAHOBUTCA CTALMOHAPHBLIM IIOCJe IpMMeHeHMA d pas omepaluy B3ATUA
HocJefoBaTeNIbHOM pasHocTU. Mbl HadHeM paccMOTpeHMe MMEHHO ¢ HecTallMOHapPHBIX
PAOB, KOTOpPBle MOTYT OBITH ITPMBEJEHBI K CTAIMOHAPHOMY BHUIY C IIOMOIIbLIO B3ATUA
HocJIeoBaTeJIbHLIX pasHocTell. EcTecTBeHHO, MBI HayHeM c NIpoOcTelilllero BHUAa pALa
I(1). OrasaJsiock, 9TO 2 pasHLIX II0 CBOYCTBAM THUIIA HECTAIMOHAPHBIX PANOB IIPUBOLAT-
cA K cTallMOHAapHOMY BUAY C IIOMOIIBIO B3ATUA IIocJlefoBaTeJbHEIX pasHocTell. Mbl ux
yoKe paccMaTpUBaJIL

1 mun: npoyecc ¢ OemepMUHUPOBAHH LM NOAUHOMUGALHBLM, TPEHOOM.

X,=F. (1), rge P,(f)— TOIMHOM CTelleHM k OT [, a &, — CTallMOHAPHBII IIpollecc, He
obsasaTensHo Oenpli mrym. Ecam orpaHMYMTBCA pPacCMOTPEHMEM TOJBKO JIMHENHOTO

Tperga X, =a+ fff+&,, To MovkHO 3ammcaTe: AX, =X, -X, , =(1-L)X,=p+(¢,—-¢,,).

IlockonbKY & — cTalMoOHapHBIM IIpollecc, TO ero NepBas PasHOCTH TaK)Ke cTaI[MOHApP-
HBIN IIpollecc, XOTHA ecay & — Oesbli IryM, To nosBiaserca MA-dacTe. B ciydae mosm-
HOMMAJIBEHOTO TpeHJa IJIA IPUBEIeHNA K CTAaIlMOHAPHOMY BUAY HY/KHO B3ATH IIOCJIEIO-
BaTeJLHYIO Pa3HOCTh HECKOJIBKO pas.

2 mun: mpoyecc cayuatnozo Oaymdanua: X, =u+X, ,+s. B arom ciywae

AX, = p+g,, u nporecc X, HasblBaeTCH CAYUAUHBLLM Oayxcdanuem c Opetighom. Mer

MOMeM 3allrcaTh pPelleHMre 3TOro PasHOCTHOIO YpaBHEeHMA B CJIeOYIOLeM BUe:!

-1
X, =#f+2817]-~

j=0

IloaToMmy, ecou npuMeHNUTEL mmoaxof Bokxca—/iKeHKMHCa I, MUMeA HEKOTOPYIO pea-
JMBALMIO, ITePeiiTH K PasHOCTAM, OleHMTE Mozedb ARMA(p,q), To 4TOOBI BepHYTLCA
Hasaj K Ipoleccy X, HYKHO BbIOpaTh, [0 KaKoii cxeMe BosBpallaThbcA. Kak MBI yixe
paccMaTpMBaJy, 3T IIpollecchl BeoyT cebsa no-pasHoMy. B gem-To oHM cxomu: y obomx
ecThb JMHEeNHBI TpeHH, HO OHM OTJMYAlOTCA cJIydalfHoll dacTelo. B nepBom ciydaliHana
YHacTh — 3TO TeKYyLMIi IIIOK, TeKyIlMe BO3MYIIeHNs, a BO BTOPOM — 3TO HaKoOILJIeHHbIe
BO3MYIIIeHNS OT BceX NPeIbIIYIMX III0KOB.

Ecnm cryuaiinoe OuyskiaHme MOYKHO IPMBECTY K CTAlMOHAPHOMY BUILY TOJBKO
B3ATUEM IIepBOI PasHOCTH, TO PAJ IIePBOTO TUIIA MOYKHO IIPMBECTM K CTallMOHAPHOMY
BUAY TaK)Ke BBIIeJICHMEM JMHENHOTo TpeHMAa, HalpuMep IOCTPOUB JIMHENHYIO perpec-
CMIO Ha BpeMs U paccMOTpeB CTallMOHAPHBIN ocTaToK. IIpuMMeHMM JM Takoll IoAxXond K
caydariHomy Oaysrpamno? UTo mpomsoiifeT, ecau Ha caMOM JeJie IIpollece fABJAETCH
CJOyYalHBIM OJIysKIOAHMEM, ITYCTh Jaske MAJA IIPOCTOTBI C HYJIEBBIM MaTeMaTWIeCKUM

OKMIOaHMeM, T.e. MMeeT BUI AXl:gl’ a MBI CTPOMM perpeccurd Ha BpeMs BMIa

X, =a+ ft+5,7 MoHO MHTYUTMBHO OOTAJATbCA, YTO MBI MHOJYIMM B3HAUMMBIL IIO
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t-craTucTuKe Koapdpuiment S MeTon HauMeHBIIMX KBaZpaTOB KaK Obl IIpeobpasyer
HEIIOCTOSHHYIO JUCIIEPCUIO B 3HAYUMMEBIN TPEHA, T.e. B HEIIOCTOSHHOE MaTeMaTudecKoe
oxupanme. Takmum obpasoM, MBI 3T 2 TUIIa IIpoliecca ciiyTaeM. Bompoc o ToM, Ha-
CKOJIBKO OIIACHO IIyTaThk 3TM 2 IIpollecca MeykAy coboli, [IpMBJIeK BHMMAaHME OTHOCH-
TeJIbHO ITo37Ho. 1A KpaTKOCTY BBeAeM CJeIyIollye HasBaHUA AJA TUX TUIIOB HecTa-
LMOHAPHBIX IIPOL[ECCOB.

1 mun: mpoliecc, IPMBOAMUMEI K CTAllMOHAPHOMY ITYyTEM BbIIEJIEHUA JIMHENHOTO

Tperga — TSP (trend stationary process). Iro nporece Buga X, =a+ f{+¢,, oH Ipu-

BOAMTCA K CTallMOHapHOMY IIpolleccy IIyTeM BKJIOUEHMA B perpeccuio JIMHENHOTo
TpeHAa. JTO, B IIPHHIMIIE, MIpoIfecc, ¥ KOTOPOTO ecTh JeTepMUHMPOBAHHBII TpPeHT.
Wuorga Taxoii npoiecc HaswBaoT TS.

2 mun: mpoliecc, IPUBOAUMEIL K cTaIlMOHAPHOMY ITyTeM B3ATUA IIepPBOI pasHO-
ctu — DSP (diferencing stationary process). Bun atoro nmporecca takos: X, =X, | +¢,.

Wuorga Takoit mpoijecc HasweIBaioT DS.
CBefieM ’Ke pacCMOTpPeHHLIEe HaMM pas3jMydMsa B CBOMCTBAX 3TUX IIPOLIECCOB B
Taby. 7.1.
Tabimuna 7.1.

IIponiece TSP IIponiecec DSP

o He cranmonapen mus-sa HenocTosHHOTo|e He crammoHapeH M3-3a HEIIOCTOSHHON
TpeHa. JIVICIIE PCUL.

o KoHeuHnas maMaATe 0 II0KaX, OH 3a0bBaeT|e Tak Kak B ABHOM peIIEHUM CTOUT CyM-
00 onmbKe Ha IpebITyleM Iare cpasy. Ec-|ma Beex IpeapIAyIIMX & TO LIOKM ITOMHAT-
Jm BMecTo Oejioro iryma Oyner crosaTh 00-|csa Bce BpeMmsA. DTo mpoliecce ¢ OecKOHeuHol
Jee obumii mpoecc ARMA(p,q), To, KOHeY- | mamMaAThI0. OKOHOMMYECKM 3TO HE OdYeHb

HO, IOKM CKa3BIBAIOTCA HEKOTOPOE€ BPEMS, | [IOHATHO, LIOKM He NOJUKHBI CKasbIBATBHCSH
HO MX BJIMSAHME CO BpeMeHeM ocyiabeBaerT. ITOCTOAHHO.

B 1984 r. 6nuia onybsmroBana pabora Hesnwscoma m Kaura [10], B KoTopoii oHuM
3a7aJMCh BOIIPOCOM: UTO IIPOMB0IAeT, ecsm IIpolecc AByasgerca DSP, a Mbl OyzeMm BbI-
JleJIATL JIMHENHBIN TPeH, Kak miid nporecca ™ina TSP? Vx pesysnbTaThl ObLINM IIOJTY-
YeHBI C ITOMOIILIO OOJBIIOro KoJmdecTBa ycnbiTanmii MonTe-Kapsio u sakiodanncek B
CJIeYIOIIEeM.

1. JIunelHaa perpeccusa ciydaiiHoro OaysxpaHmua Oes apericpa Ha BpeMA JaeT KO-
5pUITMEHT MHOMKeCTBeHHOI meTepMmHaImMM R° ~ 0,44 HesaBMCUMO OT pasMepa BbI-
GopKy, T.e. R° 3BHAYNM [aske IJIA MAJIOTO KOJMYECTBA TOYeK HalJIOfeHMs.

2. Ecoin ppeticp npucyrerByetr (1 #0), To R?> 0,44 U 3aBUCUT OT pasMmepa BbI-

60pKI/I. 310 MHTYUTUBHO MOMKHO IIOHATH, IIOTOMY YTO KaK TOJIBKO ,Ll;to, II0ABJIAETCA

CBOIi TpeHZ — HecTal[MOHapHoe cpefHee. TaKoKke oKasajock, 4UTO R* >1 upu T —> o,

T.e. nuA mporecca DSP ¢ gapeitdom R? —1 mpy yBeqmueHuu obbeMa BBIGOPKM. ITO
ABJIEHVE 3HAYMMOTO KO3(PMUIIMEHTa TPeHa, KOTAa B MCTMHHOM ypaBHEHMM TPEeH]| OT-
CYTCTByeT, ObLJIO HaB3BaHO «KalKyllmecHa TPeHILI» (spurious trends).

3. OreHKa OMCIIEPCUM OCTATKOB COCTaBJIsAeT INpuMepHo 14% oOT MCTHMHHOI Iuc-
Iepcuy CIydaiiHOTO BOSMYIIIEHMHA, T.€. OLleHKa IMCIIepCUM CUJIBHO 3aHMKeHa. IIponeny-
pa OlleHMBaHMA yKa3bIBaeT Ha 3HAUMMBIN TPEHJ M MAaJYyIO IUCIEPCUIO, XOTH Ha CaMoOM



2002 JERIMOHHBIE I METOIWYECKUE MATEPHAJIBI 269

JleJie IIpollecc CJIydaiiHoro OJy:KIaHMA XapakTepusyeTcd pacTylleii 0e3 orpaHNdeHMit

JyicIIe pcueit.
4. OcTaTKM perpeccuy OKaSbIBAIOTCH KOPPEJMPOBAHHBIMU C KO3(D(UIIMEHTOM
10
KOppeJAluy IPUMEPHO PaBHBIM p) = 1—7.

5. Pagymeercs, B 3TOM cJiydae t-CTATUCTMKA He TMOAUTCH AJIA IIPOBEPKM TMIIOTE-
3Bl O 3HAYMMOCTM KO3(ppullMeHTa IIPY BpPeMeHM, OHA CMeIlleHa B CTOPOHY IPUHATUA
TUIIOTE3b! 0 HAJMYIMY JIMHEHOTO TPeHa.

6. HezaBucumele ciydayinble OJIysKIaHUA AEMOHCTPUPYIOT BBICOKYIO KOpPeJIAanm-
OHHYIO 3aBVMICUMOCTb.

OTOT IYHKT TpebyeT noscHeHna Ecam B3ATL 2 He3aBUCUMBIX CIyYaiiHBIX OJIysK-
JaHUA

Y,=Y, ,+v,
— b
X, =X, +¢

rje v, M & — He3aBUCHUMEBIe OeJsible IIYMBI, M IIOCTPOUTE perpeccuio Y, =a+bX, +u,, To

n3 obumx coobparKkeHMii MBI OKMzaeM, 4TO KoadduumesT b Oyzer HesHaumMm. Ho BEI
JIIOJUKHEI YYBCTBOBATEH M3 IIE€PBLIX YeTBIPEX Pe3YJLTATOB, UTO 3TOrO 3/leCh He IIPOM30¥i-
ZeT. JIBa HeBaBUCUMBIX CIYYaifHBIX OJysKIAHUA IIOKABBEIBAIOT BBICOKYIO PETPECCHOHHYIO
3aBJCHMOCTL, K03(ppuIeHT b oKasbiBaeTcA 3HAUMMEIM. ax MOKHO 3T0 1oAcHUTH? Ecim
oba Ipoltecca MMEIOT 3HaUMMble TPEHILI, TO OHM 00a 3aBMCAT OT f. PerpeccuoHHbDI aHa-
JIV3 [TOKAYKET, UTO IIPOLIeCChl 3aBMICHMBI MeKAY co00M. A 5TO 03HAUAET, UTO eCcyM KarKaas
U3 BeJIWYMH, MeXOY KOTOPBIMM MBI MIIEM PerpeccHoHHYHI) 3aBUCHMOCTh, ABJIseTcA DS-
IIPOIIECCOM, TO Perpeccus MeKIY HUMM ABJAETCA «Kaykylelicsa». Takum obpasoM, HeHd-
TOpBIe 3aBMCHMMOCTH ABJIAIOTCA KasKkynmMmucsa Ham npepcraBiseTcd, 4To cBA3aHa AMHA-
MMKa JeHEeKHO} Macchl M MH(IIAIMM, HO MBI He y4uau, 4To oba mporecca — DSP, u
CIleJIaHHBIN 3KOHOMMYECKMII BBIBOJ HeIIpaBoOModeH. OTOT pesdyJsbTaT Henbcona n Kanra
IIOKa3bIBAE€T OIIaCHOCTEL IIPSAMOTO IIPMMEHEHMS OOBIYHOTO PETrPEecCHOHHOTO aHam3a B
TOM cJydae, KoTAa AaHHbIe ABJIAIOTCA Tuna DS.

3HAUYMMOCTE DTOTO Pe3yJbTaTa 0cod0 IMOAUYepKHyTa OoJiee paHHeH, BHAMEHUTOMN
pabotoit Hesbcona u Ilnoccepa [11], koTopas cBA3aHa ¢ MCCJIELOBAHMEM MCTOPUUIECKUX
MakposkoHoMMdecKux pAnoB B CIITA. PesynwsTaT 3Toro MccileJOBaHM:A IIOKasal, 4TO
IpaKTUYeCKM Bce PAALI MaKposKoHoMMYeckux nokasarejeit CIITA, 3a MCKIIOUeHMEM
pAna ypoBHA 0e3paboTuIlbl, oKasaMch pAgaMy Tuia DS, T.e. Tuna ciydaiiHoro 0Jys-
JaHusa ¢ apelidoM. ITO IIPOMBBEJIO BlledaTJeHMe pasopBablielica GoMmObl JIzBecTHBIN
sroHOMMCT CapiKeHT 3aMeTMJI, UTO BCe, YTO CIeJIaHO J0 CUX IIOpP B 00JIACTM MaKpPO3KO-
HOMMYECKO AMHaMMKM, NOAJIEeKUT IepecMoTpy. IlpaBna, JaJsbHelilne KcciefoBaHUA
TIOKasaJi, YTo CUTyallusA He CTOJb ApaMaTHdHa.

OBe 3tm pabotsl, Henpcona—Kanra u Henwcona—Ilnoccepa, mocTaBmim BOIIPOC
pebpom. OkasblBaeTCsH, HaZO [IPOBOIUTE YeTKOE pasTpaHMUeHNe MEMITy PAmaMy IBYX
BumoB: DS u TS. Ecimm Tpenn B Mofesau Tuia TS oTCyTcTByeT, TO BOIIPOC CBOAUTCA K
pasIMuMI0 MEeKIY CTAlOHAPHBIMM M HECTAallMOHAPHBIMM paAnamu. PaHbile Mbl pac-
CMaTPUBAJM AJIA 9TOTO II0BEIeHYe BEIOOPOYHOI aBTOKOPPEJIAIMOHHON (DYHKITIN.

B mpomunoit ey MBI paccMaTpuUBay PAL SHaUEHMI crpaga B Besmkobpura-
HMM M [PUILIM K BBIBOZY, YTO OH ommckiBaeTcsa Mopeinsio AR(1). Ecom B3AThL mepBhle
PasHOCTHU BTOTO pAma, To oH Oy#eT TaKiKe XOPOIIo ommchIBaTheAa Momesbio ARTMA(0,1,0).
A 510 oueHb pasHble pAnbL Opue n3 Hux (TS ¢ HyJeBBIM KO3(PMUIMEHTOM IIPKU TPEH-
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Jle) ABJIAETCA CTAIMIOHAPHBIM, & BTOPO} — HecTallMoHapHBIM. BusyasbHoe ke mccieno-
BaHMe II0BeJIeHNA BBIOOPOYHOI aBTOKOPPEJAIMOHHON (PYHKIMM, T.e. IIPMMeHEeHMe II0JI-
xona Borxca—/I)KeHKMHCa He II03BOJIAET HAJEMKHO BBIOpATH, K KAKOMY M3 TUIIOB OTHO-
CUTCA UccIleAyeMblll PALI.

Me1 Hy:RIaeMcA B MeTO/e, IT03BOJIAIOIIEM (POPMAJILHO IIPOBOANTL pPasJnyue Me-
Ay pagamu Tuna TSP u DSP.

OTU 2 pAja oIMCHIBAIOTCA CIAEOYIOIIUMM MOLEeJIAMMU:

TSP DSP

X, =a+pft+s, X,y =pu+X,  +e

ITopobGyem paccmorpeTs Momenb: X, =a+pX, ;+ft+g,. OHa BOOpasa UepTE

obenx MOILeJIeI?JI, M TUIIOTE3Bl 0 XapaKTepe pAlda MOJKHO 3allMcaThb B BHJE IIPOCTHIX T'M-
II0Te3 O ee IlapaMeTpax.

p=1
p=0

Hy: pan asaserca TS = ‘p‘ <1 (rorma ¢ GymeTr He mpocTo OesBI 1ITyM, & HEKO-

Hy: pan asnaerca DS =

TOPBI CTaIMOHAPHLBIE pAzn. Boobie-To MBI 3To MMeau B BUAY, Korpa omnpepesam TS
IIpennosarasa, uTo OH NPUBOAUTCA K CTAI[MOHAPHOMY C IIOMOIIBI) BhIIEJIEHNA TPEHOa).
HymneBas runoresa oTHocUTCA K KJaaccy oOImMX JMHEMHBIX runoTes. Ilpu Tpamuip-

OHHOM TIOZXOfe JJIA ee NPOBePKM HYKHO OLleHUTD 2 perpeceun: X, =a+pX, |+ fi+¢, u
X,=a+X, | +¢,. Ul 3aTeM IpoBepPUTE 3HAYMMOCTE PA3HOCTHM OCTATOYHBIX CYyMM KBaj-

paToB, MCIIONE3YA F-cTaTUCTUKY.
TecT, K PacCMOTPEHMIO KOTOPOTO MBI ceifdac IepeXxofuM, IIOABWJICHA cHadaja B

OoJslee mpocToit Bepcuu 3Toi Momemm: X, =a+pX, | +s,, T.e. 0e3 BKIIOUEHUS JIMHEN-

HOTO TpeHJa. B »ToM ciydae TMIIOTe3bI IPMHUMAIOT BUL!

Hy p=1 = DS

Hy: p<1= TS

Temeps MOXKHO MNPOBEPUTE TUIIOTE3Yy O TOM, 4YTo p=1 mOpm momolmm t-cra-

TUCTUKN. ¥YPaBHEHME MOYKHO IlepemcaTk B ApyroMm Bupe. ITocse BhIUMTaHMA U3 00eMXx
qacreil Xy, monyuum AX, =a+(p-DX, , +¢,. Ilyecte p-1=y, Torma mpoBepseMble
TUIIOTe3bl IPUMYT B!

Ho: Y= 0

Hl: y < 0.

B xsaccudeckoit guHelHON perpeccun AJiA IPOBEPKU TaKolM TMIIOTe3bl IPUMEHA-
eTcA OJHOCTOPOHHAA t-cTaTHcTHKA. Ho B ciiydae BBIMTOJNHEHNUS HYJIEeBON TMIIOTE3BI, PAL

Xl ABJIAeTCA CJIy‘-IaﬁHI:IM 6JIyDKI[aHI/IeM, €ro OMCIIepCUs CTPeEMUTCA K 0eCKOHEeYHOCTH

IIpM YBEJUYEHUN f, U paclperesieHue CTaTUCTUKI % He fABJAETCA paclpenesieHn-
se.(y
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eMm CteiofenTa. CilefoBaTeJbHO, ¥ aCUMIITOTHYECKOe paclipefielieHNe 3Tol CTaTUCTUKU
He ABJAeTCA HOPMaJbHBIM. IIpudnHOil ABNAeTCs HeBLINOJHeHNe yesoBuit IleHTpaabHOM
IIpeneJbHON TeOpeMbI B 3TOM ciiydae. AHaJUTUHecKoe BbIpayKeHUe IJIA acUMIITOTUYe-
v
se(7)
TerpaJibl 0T BMHEPOBCKOTO CJIyYaliHOrO IIpollecca, HO MBI 3TOTO AeJaTh He Oymem. Kpu-
THYecKMe TOYKM HTOro paclpefiesleHns IIPUXOANTCA PacCUUTHIBATEL YMCJIEHHO, MCIOJb-
3yd CUMYJAIMOHHEBEIE Npouenypsl MonTe-Kapso. Brepsrle 3To pacupenesenne ObLIo
BBIBeZIeHO U 3aTabymmupoBaHo B pabore duxkm n Pynnepa [3] m HocuT mx mmsa. Tecr,
MCIIONB3YIOUMIT AJA IPOBEPKM THUIIA HecTaI[MOHAapHOCTM ITO paclipefiejieHMe, IPKU yc-
JoBum y =0, T.e. KoTja Ipollecc NIPMHAAJEHKUT TuLy DS, HasbiBaeTca TecToM JIMKKM—

CKOI'0O pacIiipeneJeHmua CTaTUCTUKN MOYKHO BBIPas3muTh dYepe3d CToXacTU4YeCKMe VMH-

dysnepa, n obosnauaerca kak DF-tect. Ilpu ycioBumu, 9To HyJieBad IMIIOTE3a O TOM,
uyro y =0, BBINOJHEHa, MBI ¥MMeeM IIpollecc THUIa cJhaydalHoro Ousysxpamma (DSP).

Wmenno nisa aToro ciaydas He paboTaeT t-cTaTMCTHKA.

Ilossxe MacKinnon [7] pacumpnsn st Tabauilbl, pacCMOTPes HEKOTOPBIE pyrue
cayday M IPeAJIosKUI alllPOKCUMMPYIOIMe (POPMYJbI AJA ObICTPOro pacdeTa KpPUTH-
4ecKUX TOYeK B KOMIIBIOTEPHBIX IporpamMmax. C IOMOIIBIO MoAeaupoBaHuUA JIUMKKM U
Dynnep TakoKe paccuMTasM aHAJOr F-cTaTHMCTMKM IJA cJydas, Korja Ipollecc ABJA-
eTcA CIIydallHBIM OJy:KAaHMeM. OTO paclipefiesieHNe TaKKe MHOTAA HasbIBAOT paclpe-
nenenveM Jurxkn—Pysiepa. OObIMHO M3 KOHTEKCTA fACHO, O KAKOM M3 paclIpejieseHuii
UxeT pedb.

Bepuemca x oOmieit momemn: X, =a+ff+(p-1)X,;+5,. B sToM ciaydae MBI

uMeeM CJeOYIILe ITMII0TE3hI:

Hy:p=1, p=0
H, :p<l

CpaBauM, kak BezeT cebsa DF-cratmctura u F-cratuctura. Hac mHTepecyer
KPUTUYECKOEe 3HaYeHMe IIPK B3aJaHOM uyce HabJIOmeHMiI ¥ JJiA 3aJaHHOTO YPOBHA
sHauuMocTH. Ecom T — krosmdecTBO HaOJIOAEHMI, TO B 3aBUCUMOCTY OT HETO IIOJIYIUM
caenyolryo Tabus. 7.2 muA ypoBHA 3HauMMocTy 5%, B KOTOpOH F-cTaTMcTuKa — 3TO
thaxTraeckn Fy r_3.

Tabimuna 7.2.
T DF F-cratucruka
25 7,24 3,42
50 6,73 3,20
100 6,49 3,10
0 6,25 3,00

Ha pwmec. 7.1 cxemaTudueckym INoKasaHbl TpauKM IIJIOTHOCTEH paclpefeseHns
Jurrn—dDynepa u @umepa. Me1 Buanm, uto DF-paclipeniesienne sHa4MTeJBHO IIpaBee,
gyeMm F-pacrpernesnenmue. OTo o3Ha4aeT, YTO B OOJILIIIOM KOJIMYECTBE CJIydaeB IIpUMeHe-
HIe cTaHAAPTHON F-cTaTHUCTHUKM BefeT K TOMY, YTO MBI cUMTaeM, YTO PAN OTHOCUTCA K
mnny TS, B To BpeMa Kak oH Tuna DS, a uMeHHO, ecan F-cTaTucTuKa HonagaeT B o0-
JacTh (a; B).
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A F-pacnipenenchue

DF-pacnipesienenue

Ve

v

a <> B

Pue. 7.1.

Kpome Toro, okasajoch, 4TO aHaAJIMTHUECKOe BBIPasKEHME, a CJE0BATENLHO, U
dopma DF-pacnpeneseHus 3aBUCAT OT TOTO, BKJIOYEHLI JMI B MOJEJNb Perpeccopsl
ot, ft mam HeT HM Toro, HM mpyroro. IlosToMy A 3THUX cjydaeB HY/KHBI, 110 CYTH,
pasHble TabJNITEL

IIpe:xkme uem mBUTaTbCA OaJbllle, AaBaliTe paccMOTPUM IIpUMepP OLIEHKM KOHK-
peTHoOTO psAja: JorapudmMa MHAEKCA IPOM3BOACTBA 10 AaHHBIM PenepasbHoll Pesepn-
Holt Cucrembl CIITA [4]. PacemaTrpuBatores gaHHble ¢ I kBaprana 1950 r. mo IV kBap-
Tan 1977 r. CnenupuiiupyeMm Mozesb B cJIeAYIOIIEM BUIE!

V=py+ B t+a Y +o,(X, -1 ) +e,.

EcrecrBenno, Ml npenmnosaraem, 4to &, ~WN (0,07), T.e. Gempit Iy M.

Jra MoaeJIb OnLIa OLleHeHa MeTOOOM HaMMEHBIIMX KBaJpaToB, HO Ilepen OLleHM-
BaHMeM 13 obenx 4dacTell BBIUJIN Yl—l . ITO CTaHILapTHI:HZ IpuemM, Torga MOMKHO CpPpaBHM-

BaTh KO3(P(UIIMEHT ¢ HyJIeM, a He C eAMHUIIE. A B JIeBOI 4acTM ypaBHEHMA OKasbIBa-
eTca obbsAcHAeMad nepeMmenHas AY . IloaTomy ObLIM OLleHEHBI 2 cieAyIOIlie MOZeJH,
COOTBETCTBYIOIIME HYJIEBOM M aJbTePHATMBHOM rumoTese (B CKOOKax — CTaHIapTHHIE
OoIMOKY OLIEHOK K03(p(pUIIIEHTOB).

Ilepsas modead: v, -V, =AY, =0,52+0,0012 £ - 0,119Y, | +0,498(, ; - Y, ,);

s.e. (0,13) (0,00034) (0,033) (0,081)
RSS = 0,056448 (RSS ) -
Bmopas wmodean: Ilycts S, =0, =1. MHK paeT ciengymolyo Monesb:

Y, -Y, [ =0,0054+0,447(Y, | -Y, ,). CoorBercrBerHO RSS =0,063211(RSS;). Cumraem
se. (0,0025)  (0,083)

(0,063211 - 0,056448%
cTaHjapTHoe F-orHoulenmue: F = 2 =634. A Temeph IO-

omHoutenue 0,05644y
106

CMOTPUTE Ha IIPUBEIEHHYIO Bblillle Tabsa. 7.2. Pan comepsxnt HemHoro 6osee 100 Touek,
II03TOMY BOCIIOJBBYyeMcs cTpokoi asna 100 mabmtomenwit. Ecom 61 Mbl cpaBHMBaJM F-
OTHOLIIEHME C KBaHTWIAMM pacnupepesennsa duiepa, T0 Finumyyecioe AIA D-TIPOLIEHT-
HOTO YPOBHA 3HAYMMOCTM ObLIO ObI paBHO 3,1. COOTBETCTBEHHO MBI OBI IIPUIIIN K BBI-
BOAY, 4YTO MccleAyeMbllt pan — Tuna TS. Ho MBI JOMKHBI cpaBHMBATE CTATUCTUKY C
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KBaHTUIAMK paclpenesenna duxxku—®Pysnepa, T.e. ¢ 6,49. B pesynrTaTe Ha ypoBHe
BHAYMMOCTH 5Yp TUIIOTE3a 0 HAJWYNM €IVHNIHOTO KOPHA He MOKeT ObITh OTBEPrHYTa, a
JJIA Hac 3TO O3HadaeT, YTo pAf oTHocuTeA K Tumy DS. ITockoJbKy IpoBepKa THIIA PiA-
Ja — TS mau DS — cBoauTcsA K TeCTHMPOBAHMIO HAJMWYMA MM OTCYTCTBUSA €NUHNYHOTO
KOPHSHA, TO 3Ta IIPOllefypa HOCUT CTaHAapTHoe HasBaHMe unit root test. Peub mmer o
IIpoBepKe HaJIUYMA eIMHMYIHBIX KOPHel B XapaKTepMcTHYecKoM ypaBHeHuu. Ho Hamm-
4Ke MM OTCYTCTBME eIMHUYHOTO KOPHA — 3To To, 4To B noaxone Bokca—IxeHKNHCca
Ha3bIBaeTCsA IIOPAIKOM MHTerpallMyM — eOMHMIlA MIM HyJb. T.e. unit root test, KOTOPbI
TIOABUJICA KaK BO3MOYKHOCTE pasamdeHnsa Mexxkay TS u DS pagamu, gaeT craTucTHUde-
CKYIO Mpollefypy AJA oIpefelleHUs INOpAAKa MHTerpaluMu paAfa B moaxoje Boxca—
JsxenxnHca.

Hawnbosbiee pacnpocTpanenne MoJSydMJo UCIIONL30BaHNE pacrnpenenenus JImk-

7/(A). Mz nogpobHO paccMoTpuM ee IIpMMeEHEHME B
se(y

rku—Dyiiepa AJIA CTATUCTUKU

CJIEOYIOIINX JIEKIIMAX.

*
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JERKIIMOHHBIE U METOQUYECKUE MATEPUAJIbBI

Abaaus BPCMCHHBIX pAAOB

Rautoposuu I'.I'.

B sToMm HOMepe myOsmkyiOTCH odepenHble TPM JEeKIMM Kypca «AHa-
JM3 BPeMeHHBIX pAnoB». OHU IOCBAIEHBI METOAO0JIOTUYM IPUMeHEeHUA pac-
mmpenHoro Tecta Jurkn—Pysnepa (ADF-test) nna nmpoBepkyM Haau4amsa
eIMHUYHOTO KOPHA, MJM, JPYTUMM CJIOBaMM, OlpefeseHNA TUIla HecTallo-
HapHOCTM BpeMeHHoro psafa. PaccmaTpuBaeTcs 3aBUCHMMOCTL paclpefese-
HKUA TaK HasblBaeMoro {-OTHOIIEHMA OT HaJU4YMA B cOCTaBe perpeccopoB
CcBOOOJHOrO WiIeHa M/MUIM TPEHAA, a TaKKe OT JIaroBOM CTPYKTYPBL MccJie-
JyeMoro pfaga. B xKadecTBe MeTOAMKM NpepnjaraeTcsa npolenypa Hosamo u
ero coaBTOpoB. PaccMmaTpuBaeTca ciydali KPaTHBIX €OUHMYHBIX KOpPHEIL.
HdecAaTan JeKIMA MOCBAIIeHa MCCIeLOBAHMIO HaJMUYMA eIUHWYHBIX KOpHeH
IpM BO3MOYKHOM HaJMYMK CTPYKTYPHOIO CKadKa B IIapaMeTpax MOMeJ.
Obcy:xpaorTea pe3yJsbTaThl 1leppoHa I SK30T€HHOT0 BPEMEHM CKadKa 1
3uBoTa ¢ SHAPIOCOM — AJA dHAOTeHHOTO. IIpuBOAATCA HNpUMephl KOHKpeT-
HBIX 3KOHOMMYECKMX PANOB. B IHocaenyoOIMX JIEKIMAX IIpeArojaraeTcsa
paccMoTpeTh MOMENM B3aUMMOCBA3M CTallMOHAPHBIX M HecTallMOHAapHLIX Bpe-
MEHHBIX PATOB.

Jderxmusa 8

B mpormost ekt Mel yroMmHaIM pacupenesieane Jurkku—PDynnepa OByX TH-

A

IoB: Tura F-oTHOIIeHMA M TUMIa t-OTHOIIEeHMS BTopoe 13 OTHOIIIEHUM pac-

_r
se(y)’
CMaTPMBAJIOCH IS Pa3JMYHLIX MopeJsell. OnmMH pas — IJig Mofeayu 0e3 JIMHETHOTO
TpeHza, a BO BTOPOM pa3 MBI MCIOJL30BAJM TabJMIy paclpefie]leHMA NJA CIydasd,
KOrJla B MoJieJib BKJIIOUeH JMHeNHBI TpeH . TecT Mukkn—®yniepa OIpefHasHadeH A
TOro, YTOOLI Pas3iIMYUTE BpeMeHHble panabl Tmuia TS u DS. B cooTBeTcTBUM ¢ HYJIEBOI
runoTesolt Hj mceaenyemsulil pan npuHamnexuT K Tuny DS. Ilo agbTepHATUBHOM IHUITO-
Te3e OH MOXKeT ObITk Tuna TS, HO OJHOBPEMEHHO OBITHL HECTAIMOHAPHBIM — MMETH Je-
TEPMMHNPOBAHHBIN TPEHA, MJIM He MMeTh TPeHJa — OBIThH CTallMoHapHBIM. Kak yixe
YIOMMHAJIOCE, CIEelM(PUKAIMA MoJeJ M B IPAMON M aJbTePHATHBHOM TUIIOTe3e, T.e.
BKJIIOYEHME MUJIM He BKJIOUEHME B MOJeJM CBOOOIHOTO “WieHa /MM AeTepMUHNPOBAH-
HOTO TPeHJa, BIMAeT Ha paclupeneseHne t-oTHommenus. PaceMoTpuM 3To nogpobHee.

Rantopoeua I'T. — nmpodpeccop, K. pus.-mat. H., npoperrop I'Y—BIIIO, 3aB. Kacenpoil MaTeMa-
TUYECKOV SKOHOMUKM M BKOHOMETPUKM.
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Jurxn u Oynnep [4] HaumHa M ¢ nccremoBanua ypabuenna: AX, =X,  +ég,.
B sToM cmyuae mpu ycsoBumM, 4To BhIOJIHEeHa rumoresa Hy, T.e. 9aTo ¥ = 1, pacmpene-
JleHVe t-OTHOIlIeHWs (OTHOIIEHMS OIleHKM Koapdpuimenta y, noxydennoii MHEK,
OlleHKe €ro CpeJHEKBAAPaTHYHOTO OTKJIOHEHUA) HasbiBaeTca DF-pacnpepneseHnem.
BryI0uMB B MOZeJb CBOOOZHBLL wieH, momyunm Momens AX, =a+yX,, +¢&,. A mo-

[TOJIHUTEJbHOE BRJIIOUEHNMe JIMHEMHOTO TpeHma maeT Momesb AX ,=o+ pr+X o tE,.

OKaSaJIOCI:, YTO BO BCeX TpeX caydasx pacliperesieHue t-oTHOLIIeHN A BbIpamKa-

4
se(y)
eTcs depes MHTErpaJibl OT BMHEPOBCKOTO Ipollecca, HO To-pasHoMy. Bce Tpu pacrpe-
NleJleHnA TIPUHATO CBA3LIBATL ¢ uMeHamy JIuxkyu u @ysnepa. OmHaKO 5T pachpeese-
HMA pasHble M 3aBUCAT OT TOTO, KaKue M00aBOYHLIE perpeccopbl BXOIAT B ypaBHEHNE.

Ob6oszHaAYNM KPpUTUYEeCKMe BeJMYMHBL [JIA II€EPBOrC pacliipenesieHmnsa TO’ OJIT BTOPOTO

pacipenesieHUA T,u’ OJI1 TpeThero paclipenesyeHnsa TT.

Bzanmuoe pacmosiokeHMe 3TUX KPUTUHECKMX 3HAYEHUI IJIS OJHOTO M TOTO 3Ke
YPOBHA BHAYMMOCTM ¥ OOHOTO M TOTO 3Ke dYMCJa CTelleHell CBOOOALI CXeMaTUYeCKU
noxasaHo Ha puc. 8.1. TakiKe Ha pPUCYHKe IIOKa3aHO KPUTUUECKOEe 3HAUEHME paclpene-
aenus CTbIOAEHTa AJIA TOrO Ke YPOBHA BHAYUMMOCTM M TOT'O K€ UMCJA CTelleHel cBo-
Oonpl. Bece 3Ty sHaueHMs oTpuuaTesNbHble. Bripodem, B JmMTepaType MX MHOTAA IIPUBO-
AT CO 3HAKOM ILTIOC, UYTO OOBIYHO He IIPMBOIAUT K HEIOPa3yMEeHMAM.

v

T, T, T,

thI/ITI/I‘IeCKOe

Puc. 8.1.

IIpe:xme 4em gBUTaThHCA AaJblile 3afafMMCA CJIEOYIOIIMM BoIIpocoM. VI3 pesysb-
TaToB Hesbcona u Kanra [11] MbI 3HaeM 00 omacHOCTM HPMHATHUA Ipollecca Tuia I(1)
3a npottece Tuma 1(0) 1 npuMeHeHNA K HeMY OOBIYHBLIX IIPOLENYP MeTona HaMMEHBIIIMX
KBapaToB. Ecam Mb1 OymeM npuMeHATH K pagaM Tuna DS oObruHble DOPMYJIEI perpec-
CHOHHOTO aHaJM3a, TO IMOJYy4MM KaKylllMecA 3aBMCHMOCTHM, KayKyllyecs TPeHIOBI, T.e.
HEKMI cTaTucTu4IecKuii peHOMEeH BMeECTO JKOHOMMYECKOl B3aMMOCBABM, KOTOPYIO
nirteM. MoskeT NokasaTbCs, YTO JOCTATOYHO obpalaTkes ¢ IpolleccoM Tuia TS Kak c
mporieccom Tuna DS, T.e. 6paTh OT Hero mepBble PasHOCTM M JAJBIIE OIIEPUPOBATH C
PAIOM IIepPBBLIX pasHocTell. Benb mpm moucke B3auMMO3aBUCUMOCTY MEMKAY IIpolleccaMu
Y UM z MOXKHO IlepeiiTu K pagaM Ay M Az, KOTOpbIe OCTaHyTcs Iporteccamyu Tuna I1(0), n
CTPOUTE OOBIYHYIO perpeccuto. IIpy 3ToM MOKeT OKasaTbCA, UTO OAVH M3 PAAOB (Myn

00a) yske OBLIM CTAIMOHAPHBIMM ¥ He TpeboBaJM B3ATHUA IePBOM pasHocTu. IlpmBoauT
JY TaKoe u3iuwHee B3ATHE PA3HOCTEN K HeraTMBHBIM IocjezcTBuaAM? JIpyrumm cio-
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BaMU, CYILLeCTBYIOT JIi HeTaTHUBHbIE IOCJENCTBMA, ecaM MBI IIpuMeM paAfn Tuma TS sa
pan tuma DS? Ora cuTyallMa MOYKET BCTPETUThCA NpU IIpUMeHeHUM MeTojda Bokca—
JoxeHKMHCA BCAKMIT pas, KOTa MBI IIePeolleHNIM BeINUMNHy Iapamerpa d.

PaccemoTpum onacHOCTL MBJIMINHETO B3ATUA pasHoOCTell Ha KOHKPETHOM IIpMMepe.
Ilycts pacemarpuBaerca mnporecc MA(L), cramymoHapHBIN IIpoliecc, MMEIOIMI BUA!

x, =g, +ae, , =(1+al)e,. Ecom, He 8HasA, 9TO OH yiKe CTALMOHAPHBIA, B3ATH OT MPO-

1ecca IepByI0 PasHOCTh, TO IMOJYYMM:!
y,=Ax, =(1-L)x, =(1-L)(1+al)e, =(1—(1-a)L—al’)e,.

IlonyumBinasgca mozmesntb Ternepb oTHocuTcA K Tuiry MA(2), oleHMBATEL HYKHO yoKe OBa
nmapameTpa, a He OAMH, HO celfuyac OoJiee BaskeH Apyroii acrekT. OIleHMM OOBIMHBIM

crioco6oM KoadhpUIMeHTE Momes V, = U, —1-6’114H +6’2u172. ITocmoTrpumM, KakoBa ocTa-

ToYHafA AUCIIepCUA TIPOLIeCCOB X; M Y B TepBoM ciydae mucrepcus OymeT paBHA!
2y, 2

Var(x,) =(1+ o )o . Bo BropoM cirydae, IOCKOJIBKY B3ATa MBJMLIHAA PABHOCTD, OJVH

U3 KOPHE) COOTBETCTBYIOIIEr0 XapaKTePMUCTUYUECKOTO ypaBHEHUA paBeH eaMHMIlE. JTO
03HAYaeT, YTO IIOJYUMBIIMICA IIpollecc HeoOpaTuM, AJA Hero He cyluecTByeT AR(wo)
IIpeJICTaBJEHNA, M ACHO, YTO 3TO CaMo II0 cebe IIPUBEZET K CJIOKHOCTAM B OLIEHMBAaHMIL

Jucriepens sToro mporjecca Gyner pasma Var(y,) = (1 —i—6’12 +022 )03 . nn moxHO 3a-
micath no-gpyromy: Var(y,)=[1+(1- a) +a’ ]052 . HeBoOpy:#€eHHBIM IJIa30M BUIHO,

aro Var(y,) >Var(x,), Te. BsaATMe M3JMIIHE) PasSHOCTY IPUBOAUT K YBEJIMIEHNIO

JIMCIIepCyy, B TOM dYMCJEe M OCTATOYHON [MCIIepCHMM IIocje IIPMMeHEHMA MeTofa Hau-
MeHBIIMX KBazpaToB. MEI [1035Ke pacCMOTPMUM IIPUMeP, B KOTOPOM HUMCJIEHHO ybOenmm-
Cf, UTO 3TO yBeJMUeHMe IeliCTBUTENLHO MMeeT MecTo. JHorma 3ToT adpeKrT Hapanmy c
II0BeleHMeM BLIOGOPOYHON aBTOKOPPEJIAIMOHHON (PYHKIIMM MOYKET CJIYKUTHL HEKOTOPLIM
He(popMaJBHLIM KpPUTEpMUEM AJIA OTBeTa Ha BOIIPOC, HYKHO OpaTh II0CIIEI0BATEILHYIO
pasHOCTE MM HeT. Ecam mpu nepexozie K pa3HOCTM AMCIIEPCHUS BO3PACTAET, TO, CKOpee
BCETO, 3TOTO JeJIaTh He Hao.

Taxkum 00pasoM, HeBepPHOe YCTAaHOBJEHMe THUIIa IIpollecca BeleT K HEraTUBHBLIM
IIOCJIEICTBYAM IIpK OLIMOKe «B 00e CTOPOHEI».

Tenepr BepHeMca K unit root test. Criermpmimpyem mnportece tnna 1S B Bupe:

x, =a+ i +¢,. llonpobyeM BbINMCATL TaKyI0 MoOJeJb, B KOTOPOI pasiidne MeIy THU-

nmavu TS n DS OyzneT BoIpaskaTbca B 3HAYEHMAX Ko3dduimeHToB. s 5Toro 3aMeHUM
B Mofenu OeJbllt ITyM g, Ha Ipollecc #,, TOAYMHANIIMIICA MapKOBCKO cXeMe IIepBOTo

nopAnka U, = pu, , + &,. Torma HyJeBas IMIIOTe3a, BaKIOYAOIAACA B TOM, UTO DAL
IpUHALIERNUT Ty DS, SKBUBaJe€HTHa TOMY, 4To 0 =1, a aJbTepHATMBHAA — TOMY,
aro p<1.

Yrober yoenmThea B 9TOM, sammmeM: X, | = o + f(f—1)+u, ;. Tenept ymMHOMMUM

JIEBYIO M IIPaBYIO 4YaCTU Ha L, 4YTO JaeT CJenyllllee BhIpajKeHue:

px_ = po+pft—1)+pu,.
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Brrunras, momysaem: X, =[a(l—p)+ pBl+ B(1—p)t+ px, | +&,. Oro cooTHoIIEHNE
BKJIIOYAeT CBOOOIHLIN WJIeH, JMHEHHBIN TPEeHM, aBTOPErPECCUOHbIN WileH M OeJbIl IITyM.
TIpu BBIOJIHEHUM HYJ€EBOM rmumoTessl p =1 mporecc npuHUMaeT BUL!

X, =0+x,,+¢,.

Mer mosyunnn caydaiiHoe Oayskmanue c aperidom, ecim [ #0. Ecom sxe p <1, To B

MOJeJIM IIPUCYTCTBYET TPEH[ M aBTOPErpPecCUOHBIN tieH, IIpUYeM aBTOPerpeccuoHHadA
YacThb cTalMoHapHa. MOMKHO cIesaThk [Ba BBIBOJA. Bo-IIepBBIX, HaM OEeMCTBUTEIBHO
yaJIochk II0Ka3aTh, YTO paccMaTpuBaeMas MoJiesb OXBaThIBaeT 00a Hallmx ciaydad. Bo-
BTOPBIX — YTO MOJKHO OTHOCKUTB K KJaccy TS Taxue Ipoliecchl, Ijie BMecTo 0eJjoro Iiry-

Ma £, CTOMT CTalMOHapHBIL mporecc Tuma ARMA.

B cooTBeTcTBMUM € MOTy4eHHBIM COOTHOLIIEHMEM IIPUHATO pacCcMaTPMBATE CIELYIO-
LIy MOZEJb [JIA [POBEPKY HAJMUMA eIMHUYHOrO KOPHA! X, = U+ bt + px, | +¢&,. Ec-
JM OLEHUTHL 3Ty MojeJb MeTOAOM HaMMeHBINMX KBaApPaToB, TO HYMKHO IIPOBEPUTH
copMynmpoBaHHEy0 HyJeBylo runoresy: H . o =1. Eciu 6bl mpy HyJeBoil rumorese

pAan ocraJicA cTallIOHaAPHBIM, TO IIPU IIPEAIIOJIOMKEHNM 0 HOPMAaJIbBHOCTN &, Haqo IIpoCTO

IIPOBEPUTE PaBEHCTBO Ko3(ppuUIMeHTa b enuHMIle, NJIA 4YeTro CPaBHUTH t-CTATUCTURY
JJIA 3TOrO KO3(pPuIlMeHTa ¢ KBaHTMIAMMU t-pacupenesieans CrTeiomeHTa. UTOOBI elrle

Omnie cBeCTM HpollelyPy K NMPMBEINHON, BEIMTeM M3 obemx wacreit X, . Torgma moury-
uaeTcA ypaBHeHue Ax, = u+bt+(p—1)x, ,+¢,. Iorydaem, uTo Hamo MPOBEPUTDH
N ——7

14
CJIEAYIOIIYIO HYJEBYIO TUIIOTE3y IIPOTUB aJII:TepHaTI/IBHOI;,If

H,:DS<y=0
H IS<y<0 .

TTockonsky p© >1 cooTBeTCTBYeT HeCTAIMOHAPHOMY IIPOIiecCYy B3PBIBHOTO THUIIA,
KOTOPBIN MCKJIOUEH M3 PAcCMOTPEHMHA, UCIOJNbL3YeTCA OJHOCTOPOHHMIT TecT. IIpn o0bId-

HOJ perpeccuy AJIsS IIPOBEPKM 3TUX TUIIOTE3 NIPMMeHseTcHA t-OTHOILlEeHWe, T.e. f= Z/
Oy
KOTOpPOEe CpaBHMBAeTCH C KPUTHUYECKNMM 3HadeHMeM pacrpernenenus CroiogeHTa. OnHa-
KO MBI ysKe BUIeJM, YTO IIPY BBINOJHeHNM runoresbl Hj pacnpenesenne t-oTHolIeHNs,
He IofuMHAeTCH pacnpenenennio CThbIOfeHTa, a NOMYMHAETCH paclpeiesIeHN0, KOTo-
poe cejyac NIPMHATO HasbIBaThL pacupeneseHneM Jurxkmu—Pynnepa. IlosTomy cxema
IIPOBEPKM TUIIOTE3bl TaKafd ’Ke, TOJBKO MBI JOJIKHBI CPABHMBATL CTATUCTUKY C KBaH-

THNIAMMU He t-pacupepesienns, a DF-pacnpenenernsa. VI permnarmoliiee IpaBMIo TOMXKe

b

‘-IpeSBI:I‘-IaI?,IHO IIpocToe. Econ ‘T‘ >T BI:I60pO‘-IHaﬂ CTaTUCTHUKa pPacIloJIOJKeHa JeBee

xp?
TaOJIMYHOrO 3HAYEHMA (MI:I <<pa60TaeM>> Ha JIeBOM XBOCTe pacr{pe,ueJIeHMﬂ), TO MBI OT-
BepraeM HYJIEBYIO TUIIOTE3Y M cUMTaeM, UYTO PAA OTHOCUTCA K TUITY TS, a ecJiM BbIOO-
POYHOE 3Ha4YeHME JIEKUT IIpaBee TaOJIMYHOTO SHa4YeHMsA, TO pAn — THUIIA DS. Meu1 YiKe
3HaeM, 9TO TabJaMYHble 3HAYEHNS pacipeneJeHmna CTI:IO,ILeHTa ¥ HOPMAaJIBHOTO pacliipe-
AeJIeHNUA JieyKaT IIpaBee OJid OOHOIO M TOro yKe YPOBHSA 3HAYMMOCTH.
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v

N(0,1)

=N

Kp
Puc. 8.2.

OKaSaJIOCI:, YTO BUI paclipenesennda, a cJefoBaTeJIbHO €ro KBaHTUJIM, KpUuTmude-
CKM€e 3Ha'veHMs CYLIEeCTBEHHO 3aBUCAT OT TOTO, BRJIOYEHHI JIM B OL€HMBaAEMYIO MOEJb

cBOGOIHBIE wieH u/mim TpeHn. Mel Hadasm ¢ ypaBHeHMA X, =o + [ff+u,, roe u,

IIOJYMHAETCH MapKOBCKOﬁ cxeme. To ecTh MBI Ccpa3y BRJIIOYMJM B MOOeJIb CBO60,ILHI:IIZ
YJIeH M TPEeHO. HaJIeKO He BcCerjga HeO6XO,IU/IMO BBOIUTEL TPEH B ypPaBHEHME. Ecin na-

YaThb C ypaBHEHUA yt =+ ut, B KOTOPOM HeT TpeHOa, TO B OLl€EHMBAaeMOM YpPaBHEHUN

He TOJILKO TPEeHJ IIponafeT, HO M B CBOOOZHOM dHJIeHe IIpolajieT ofHO cjaraemoe. Ilo-
3TOMY B IIpeATIoJIovKeHnM IruroTessl Hy y nporecca HeT mpetica. JeficTBUTeNLHO, ecam

BEITIOJIHEHA THUIIOTE3a Ho, 9TO O3HaYaeT, 4To O = l, ¥ B ypaBHEHMM IIporiageT CBO60,ZL—

HBIN wieH. ¥ Hac OyzeT cuaydaliHoe OJsy:rnanue 0es nperidpa, coBceM mpoctoe. Ho Torma
OKazbIBaeTcHd, YTO y l-oTHoIIeHMs Apyroe pacnpepeneHye. IlosToMy HY)KHO paccHm-
TaThk YKe IPYyroe KPpUTHUeCcKoe 3HaueHMe. AHAJIOTMYHO, eCJM Mbl MCKJIIOUMM €Ille U o
M3 MCXOOHOI MOJZENM, UTO TOKE MOSKET ObITEH, TO IIOJIYYMM ellle OJHO, HECKOJBKO MHOE
pacupenesenne. IloaToMy B 3aBUCHMOCTM OT TOTO, KAKYIO MoZeJsb Tra DS MbI crierm-
dpurMpyeM: Mozesb ¢ JIMHENHLIM TPEHAOM U JIpelidhoM, MoJiesIb TOJLKO ¢ AperidooM mMim
MozeJsib Oes nperidpa, y Hac IMOJNYYaOTCHA TPY PasHBIX CJIydasd, TPU PasHBIX TabJMIBI
pacupenesenns. CylllecTByeT HECKOJBKO cucTeM 0003Ha4YeHNI, MBI OyAeM II0JIb30BaTh-

cA TakuMu: 7, 7,, 7T,

IIpu mpaxTudyecKkoM nOpuMeHeHUM TecTa JAuKKM—Dysalepa BO3HMKaeT BOIIPOC,
KakuM o0pasoM BeIOpaTb BUJ MOLEJM, WJM, UTO TOKE caMoe, KaK IIPaBMUJILHO CIIELV-
pUIMpPOBATE NPAMYIO ¥ aJBTEPHATUMBHYIO TMIIOTe3HL BO BceX ciydasdx MbI IIPOBOIMM
pasanune Meskay pamaMmu Tuna TS u DS cooTBeTCTBEHHO, HO BHYTPM KaMIOTO M3 TU-
II0B MBI JOJISKHBI BBIODATH IOAXOOAIIMI K MCCIENYEMBIM INaHHBIM KOHKPETHBIN B
mozesn. Ecoi BEIOOpOYHAA CTATMCTHMKA IONafaeT MEKIY KPUTHYECKVMM 3HAYEHUAMMU,
TO BO3BHMKAEeT HEACHOCTH, MOMKET OBITH MBI HEIIPABMUJIBHO CIIENM(PUIIMIPOBAM MOZEJNL U
IIOATOMY HBITaeMcs cAeJsaThk BBIBOM II0 HENPaBMJIBHOMY KPUTHMHUecKOMY 3HadeHMIO. Tak
KakK y Hac cylllecTByeT pasHooOpasue OCHOBHOHM M aJIbTePHATHBHBIX TMIIOTe3, T.€. TOU-
HBIX criemmdpuranmii DS u TS mponecca, To Kak ObITe B 3ToM ciaydae? IloHATHO, 9TO
MOYKHO cZleJlaTh IJI00aJIbHEBIN Itepebop BceX BOBMOMKHBIX MoZeJel, HO Belb BBIBOJ IIO
PasHBIM MOJEJNAM MOKeT ObITh IpoTMBOpeumBBIM. VI elre ozue acnexT. MBI paccmoT-

pem cuTyalmio, Korja ¥, mopumHAeTcsa cxeme AR(1), Ho ciydaiiHas cocTaBJSIOIIAA
MOYKET OIMCHLIBATLCA aBTOKOPPEJAIMOHHOM cxeMol OoJee BBICOKOro rnopsanaka. Haunem
¢ pacnpocTpanenna DF-Tecra Ha mponiecchl, Korga #, momgumHsAerca ARMA 6osee BEI-

COKOTO IIOpAOKA.
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IIJIFI IIPOCTOTHI BBIKJIAOOK PacCMOTPUM IIpoIjecc xt :ut, OITyCTUB Ges morepu

oOIIHOCTY ¥ TpeHA, U cBOOOAHBIN UJieH AJIA YMEHBIIeHUS TPOMO3IKOCTH BBIKJIAIOK.
IIyere u, mopguMHsAEeTCA aBTOPErpeccHOHHON cXeMe BTOPOro MopAnKa!

U, =p -+ 0, ) t€,.

Ecom MBI XOTMM MCKJIIOYUUTL U

;» TO [JOJUKHBI BbINNMCATH pl . xt—l = pl . ut—l "

0, X, = P,U, , ¥ 3aTeM BbIYECTb 3TU BBIPaYKEHMUsA U3 MCXOAHOro. B pesysbrare Imo-
Jyaum: X, = Py X, + 0,X,, +&,. MBIl BuauM, 4T0 cIeJaHHOe IIPEeIIOJIoKeHNe O Buie
aBTOPErPECCUOHHONM 3aBMCUMMOCTM CJy4aliHoro Imporecca #, 3KBUMBAJIEHTHO TOMY, 4TO
mpollecc X, TakKe HomuMHsAeTca cxeme AR(2).

IIpesxe Bcero, Hy»XHO BBIPA3WUTL B TEPMMUHAX K03(P(UIMEHTOB HTOr0 YPaBHEHUA
£, U P, HyJeBYyIO TUIIOTe3y 0 TOM, YTO PAJ OTHOCHTCA K Tumy DS, T.e. uMeeT emuHMH-

N 2
HBII KopeHb. Ileperminem ypaBHeHme B omepartopHom Bupme: (l—oq —o,L7)x, =¢,.
Yro sHaUMT, YTO ypaBHEeHMe MMeeT eIMHMYHLIN KopeHb? Ecanu nogcraBuTs L=1, moay-
yaerca 1 —o; —o, = 0. CnepoBaresnbHo, HyneBad IMIIOTE3a IPUHUMAET BI!

o tp, =1

IIaJIee BBIUTEM U3 00enx yacreii X rmoJy4yaeM:

-1
Ax, =(p, —Dx, + pyx,, +&,.
HobaByum 1 BEINTEM p,X, | B Impasoii yacTu. Ilosydaem:
Ax, =(p, +p, = Dx,, — p,Ax,, +é,.
Temeps HyJieBasg TMIIOTE3a 0 TOM, YTO PSAMA MPUHAANEHKUT Tnmy DS mam 4to y

HeTO eCcTh eIVHMYHLIN KOPeHb, CBOAMTCA K IIPOBEPKe PaBEHCTBA HYJIO Ko3dduiimenTa
(o, +p, —1)=0. 3ro coorHOLIEHNE TO3BOJNAET IIe€PeOPMYINPOBATE HYJIEBYHO THUIIO-

tresy H,: DS < p, +p, —1=0. To ectb ecsm mocrponts perpeccuto AX, Ha X, | u

Ha IIpupallleHle TOTO e X, ;, TO MOMKHO CTaHIAPTHBIM 00pasoM NPOBEPUTHL HYJEBYIO

rumnoTesy. JJIA 2Toro HY)KHO paccuMTaTh [-OTHOIIIeHMe M CPaBHUTL ero BeJUYMHY C
TabJIMYHBIM BHaUeHMeM HY)KHOTO paclpefeseHusa. YTo MBMeHWJIOCH OT TOrO, UTO IIPO-
necc nogunHaerca cxeme AR(2)? B ypaBHeHuMM mpubdaBuMJICA perpeccop, ABJIAIOIMICA

KOHe4HolI pasHocThIO — mpupainerveM AX, ;. A ecqm 6v1 6b1a Mozess AR(3)? Brosb

IpY HAJWMYIMM eOVHUYHOTO KOPHA CyMMa KOo3(p(PUIMEHTOB AOJIKHA OBITH paBHA €IUHM-
1te. MuI OBl cresniany aHaJIOTMYHOE IIpeobpasoBaHye, ¥ B IIPeodpasoBaHHOM ypPaBHEHUN

nobasusiock O HOBoe mpupartenue Ax, ,. Hamrame y mcenenmyemoro mporecca MA-

4acTy He BHOCUT HMYETO NPMHIUIIMAJIBLHO HOBOTO.
CrenoBaTesbHO, B Hanbosee o0IlleM ciydae, Korja cJydaliHoe BO3MYLIEHME OT-
HocuTeAa K Ty ARMA(p,q), Hy»KHO MccJeloBaTh cJefylolllee ypaBHEHNE!
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)4 q
Ax, =, | +ZW1A’CH + 251.5171. )
i=1

i= i=1

W ecsom Obr y mporlecca B MCXONHOM ypaBHeHMM OBLI cBOOOAHBIN WJIeH M JIMHENHBIN
TpeH], BUJ, ypaBHeHNsA coxpanuica 0l To ecTh o0lnas Mozesb, KOTOPYIO Hal0 OLleHM-
BaTh METOJIOM HaMMEHBINNX KBaJlpaToB, IIPMHUMAET BU:

p q
Axt =a+ ,Bt +, T ZwiAxt—i + 251'814 :

i=1 i=1
HymneBasa rumoresa o ToM, 4TO IIpoIjecc OTHOCUTCH K TUITY DS, 110 CMBICJIY 3KBMBAJEHT-
Ha ToMy, 9To ¥ =0. A ajgpTepHATMBHAA TMIOTE3a, YTO PAA OTHOoCcUTcH K Tuny TS, os-

HauaerT, uTo ¥ < 0.

KoroueBoit Bompoc: maMeHnso M HoOaBJIeHNe PerpeccopoB pacupenesieHue t-oT-
HoIlleHMA 1A Koadpdpuiimenta ¥ 7 Ml yixe Bupmesy, 9To nobaBiieHNe CBOOOIHOTO dJeHa

/Wy JIMHEHOTO TPeHZAa IMPUBOAUIIO K M3MEHEeHMIO paclpefiesleHUsA M ero KpuTude-
ckmx sHaveHMi. OKasaJsioch, YTO HaJM4Me IPUPAIIEHMI M 3alasfblBAIOIINX 3HaYeHMid
CJIy4aifHOTO BO3MYIIIEHMA He MeHAeT paclpeleseHMsA, U MBI MOMKEM IIOJL30BATLCHA Te-
Mu ke Tabauiamu Mak-KunHoHa.

) g
Ecmn B momemn Ax, =o+ ft+x, | + ZwiAxH. + 251.8171. TPUCYTCTBYIOT W

i1 i1
cBOOOMIHEI YJieH, U TPeHS, TO HYJEBYH) TUIIOTE3Y HAJ0 NPOBEPATH, UCIOJb3YH CTATH-

CTUKY T ecJIM — TOJIBKO CBO60,ILHI:IIZ 9JeH « , TO CTaTUCTURY T €CJIM HeT HM TOoro,

T e

HM JPYTOro, TO HafO MCIONb30BATb CTATUCTURY 7,. OTOT TecT HOCUT HasBaHMe Aug-
mented Dickey-Fuller test us-sa Toro, 4To B ypaBHEHUM IIOABMIUCH IIPUPAILIEHUH, K,
KaK MBI TOJBKO 9TO YKasajy, Te Ke caMble CTATUCTUKM T, T,, T, «paborarT» Ajd

3Toi pacumpernHol Mogmesm. CranpmapTHas abbpeBuaTypa ero HasBauua: ADF-tecrt.
Ilo-pycckn HasBaHme 3TOro TecTa OOBIMHO IIE€PEBOIAT: pPaCIMMpPeHHBII TecT JMKKM—
dynnepa. HanmoMHMM, 4YTO €ro MCIOJbL30BaHME OCHOBAHO Ha IIPEJIIOJNOMEHNN, YTO IIPO-

ecc i, nogumHAeTca ARMA(p,q), a 3To 3HAYMT, UMeeT MOCTOSHHYIO Auclepcuio. Bro-

poe cylllecTBeHHOe IIPEAIoJIovKeHe COCTOMT B TOM, YTO MBI 3HaeM TOYHbIe 3HA4YEeHUA P
n q.

B ADF-tecre MBI IIpOBEPAEM 3HAUMMOCTL TOJBKO OJHOTO €IMHCTBEHHOTO K03g-
dpurmenTa. Bee ocTanbHble KO2(pOUIMEHTEI HAC celiuac He MHTEePeCyIOT, OHY ABJIAIOTCH
BcrioMoraTeJbHBIMU. 1A npuMeHuMocT ADF-TecTa BajykHO NPOBEPUTH, YTO OUCIIEP-

cuA cnyqaﬁHoro BO3MYIIIeHUA 81 II0CTOAHHA, T.€. HaJIM4YMe TOMOCKeJaCTUYHOCTU BO3-

myiiennit. Juisg Makpo3KOHOMMYECKNX PAZIOB 3TOT BOIIPOC He CTOJIbL BasKeH, a AJIA (pu-
HAHCOBBIX BayKeH 4UpPe3BBIYAlHO, IIOTOMY YTO B HUX BOJATUJIBLHOCTBL YACTO MEHAETCA U
ZMcIIepCys He BCera IOCTOAHHA. B ciryduae reTepockenacTUdHOCTM Bo3Mylennit ADF-
TECT yKe He IIPMMEHVIM.

W Bropas Basxuaa npobisieMa: Kak IIPaBWJIO, MBI He 3HAeM 3Ha4YeHWH p u q. Bel-
ACHWUJIOCH, 4TO, K coyxasieHnio, ADF-TecT BeckMa YyBCTBUTEJEH K IIPAaBUJILHOMY BBIOO-
py napameTrpoB p u . MogemmupoBanue meronom MonTe-Kapso mokasaso, 4To ecsm
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upcgio npupaiiieauit 8 ADF-TecTe corsiacoBaHo ¢ OJIMHOM peanmusaliuy pAna, pacripe-
ZleJieHMe t-OTHOIIeHNA IJIA KoapUlleHTa ¥ ABJAeTcsA pacnpenesnenneM Juxkxu—Py-

Jepa. CrenoBaTesbHO, KOJMYUECTBO JAroB, KOTOpPOoe HY)KHO BKJHUATL B MoJesb IpU
npumMeHennnu ADF-Tecra, JoKHO OBITH YBASAHO C IJIMHON PeasM3alini.

Onsa Beibopa umesia JlaroB, BKJIOYaeMblX HIpu npumeHennu ADF-tecra, ObLio
IIPeJIO}KEHO HeCKOJIBKO IBPUCTUYUECKUX KPUTepHeB, IIPOBEPEHHBIX IPAKTUKON M Momge-
mupoBanneM Monrte-Rapgo. Hampumep, Obl1o npesyioikeHo BBIOMPATL KOJMYECTBO Ja-

1
TOB cJIeyIoImM obpasom [16]: umcyo JaroB BeIOMpaeTCA PaBHBIM [TA}, rme [x] osHa-
yaeT IeJyIo 4acThb uncya X. Jid KBapTaJbHBIX JaHHBIX ObLIO IpeziosxeHo [17] BbIOU-

]
pare dYMCJO JaroB IIO (bOpMyHef 4(%00)4 , W OJA MeCAYHBIX JaHHBIX —

1
12(7% OO)A . Haroner;, Inbonn n Hepsor mokasanm [6], 4To Ha IpakTMKe XOPOLIO

1
paboraer mpubmKeHNe |:TA :|

Ilorygaem mpocroe mpaBmiio. B MakposkoHOMMYECKMX PAdaX, ecau y Bac oT 81
Jo 256 TodeK, TO HYsKHO BKJIOYATh 5 Jara. Ecjam y Bac MeHbIle 81 Touky, To ABa Jara.
B poccuiickoil MakposKOHOMMEKE OPYTUX caydaeB y Bac He Oyzer. Ecam BBl nMeeTe nme-
JIO C JAHHBIMM II0 (PMHAHCOBBIM PAfaM, TO TaM MOKeT OBITH Apyrasd cuTyarmsa. JHTe-
PeCcHO, 4TO MOIIHOCTL KPUTEPUHA 3aBUCUT He OT uucja HaOJIIOeHMH, K YeMy MBI IIpU-
BBIKJIM, HO €Ille OT «CNaHa», T.e. OT OOLIel IPOAOJIKUTENLHOCTY PAfa. ¥ Bac ecTh BO3-
MOYKHOCTE BbIOOpa. Ecimm ecTh BeIOOp: McrmosbsoBaThb 500 HabmomeHMiI Ha KOPOTKOM
mnaTepBaJte wmm 500 — Ha mymHHOM, Jydlne OpaTh Ha AJMHHOM. ITomyNApHBIN SKOHOMer-
pudecknii nmaxker Econometric Views BriiodaeT B ceba HEKOTOPBIM aJropuTM BbIOOpa
umcsia JaroB. K cosxaJsiennio, MHe He y[IaJIOCh BBICHUTH, KAK MIMEHHO OH 9TO BBIOMpPAET.

B smrepaType [8] BcTpedaeTcs ellle oAMH IIpMeM II0 BLIOOPY HaIJIEKAIIlET0 HMC-
Ja jaroB npu npumeHeHun ADF-recra. IlpensaraeTcs ocTaBJATL TaKoe KOJUYECTBO
JIaroB, IIpu KoTopoM Bce ouerky MHRK-koadduimenToB Ipy IpupalieHnax o0yayT cra-
TUCTUYECKN 3HAUMMEI 110 00bIYHOMY t-pacupenesnennio CThIOmEHTA.

Ha mpaxTuke ncrosb3oBaHMe pasHOTo 4dMcja JaroB MOYKET IIPMBECTH K PasHbIM
BBIBOZAM O TuIle IIpoliecca. OOBIYHO MBI cTapaeMcHa YUMUTHIBATH TPYAHOCTH ONHO3HAY-
HOTO OIlpeJlelleHUs 4McJia JIATOB U JIOBEPATL Pe3yabTaTy, Korja OH yCTONYMB K M3Me-
HEeHUIO Jlara, Ho B HeKOTOPOM pa3yMHOM AuanasoHe. To, 4To MHOTAA TPYAHO PasiMydUTh
Hn paga, TS wmm DS, He OOMKHO YAMBJIATL, BeOb ecsu AJA mpoliecca AR(1)
p =0,998 , T.e. GIM3KO K eIMHNUIlE, TO Ha KOHEYHBIX OTPe3KaX O4YeHb TPYAHO OTIMYUTH

3TOT CTAIMOHAPHBINA IIpoIlecc OT cJydaliHoro Ousysxzammsa. Ilaker Econometric Views
mmteT ADF-ypaBHeHMe ¢ TeM KOJMYecTBOM JaroB, KOTOpoe Bbl eMy YKayKeTe, MM IIO
YMOJTYaHMIO IIPUMeHseT BCTPOEHHBIN aJIropuTM.

ADF-TecT pomyckaeT BO3MYyllleHMe BOKPYT TPeHOa MM B OTCYTCTBUM TpeHIA B
Buze obuiero nporecca ARMA(p,q). Bropaa Bo3MOKHOCTb, KOTOPYIO CTOUT PaCCMOT-
peThb, 3TO0 BO3MOYKHOCTH HAJUYKUsA TeTepPOocKeTaCTUHHOCTM cJIydaliHoll cocTaBJIAOLIel

81. Hamrane TeTePOCKeJaCTUYHOCTY UJIM BOJATUIJIBHOCTH GoJee XapaKTepPHBI OJIA (bM—

HaHCOBBIX paAmoB. Puammunc u Ileppor mpensosxkmay [14] Tak HasbIBaeMBI Henapa-



2002 JERIMOHHBIE I METOIWYECKUE MATEPHAJIBI 387

mempuueckult mecm DPuanunca—Ileppona (PP-test). IlpaBna, mpaKkTUKa €ro MpUMeHe-
HKA IIOKasaJja e€ro 4pesBbIYANHO MaJyl MOIIHOCTb, TaK 4YTO B HacTosdlllee BpeMdA OH
IOYTH He IIPUMeHseTCs, XOTA M BKJIOUYEH B COCTaB pPAfa CIelMaJM3MPOBaHHBIX KOM-
OBIOTEPHBIX ITaKeTOB, B dacTHocTM B Econometric Views. Teer ®uammunca—Ileppora

JMCIIOJIbBYET ypaBHeHMe Ges IpupalieHmii, T.e. B Bume: X, = U+bt+ px, , +¢&,. Ho B

KadecTBe CJY4YallHOrO BO3MYIIEHMA [AOIIyCcKaeTca JIO00M CTalMOHAPHBIN, HO MOKET
OBITE TeTepPOCKEeNACTUYHBIN 1 aBTOKOPPEJMPOBAHHLIN IIpoliecc.

s ydaeta Oosiee o0IIIell CTPYKTYPEI CIydalfHOTO BOSMYLLUEHNA B TecTe Puimm-
ca—lleppoHa pacCcUMTLIBAETCHA CIENYIOIIAsa CTATUCTUKA!

5 I & A2 c 2 7%
Z(Tﬂ):%(%lj_a(aﬂ_a )'T' arlZ(xl—l_f—l)
d =2

7-1

A _ 1
31ecs, & - OlleHKa MMCIIepCHM OCTAaTKOB OT perpeccum, X , = —Zx[ ;
I'-173
T i T
A2 1 2 2 _ J
Cyp==26e += )2 Wy ee;_; . Beca Wy = 1- 37ech TIOAOOPAaHBI TaK, YTOOBI
Y '3 1=j+1 [+1

A2
obecIieunBaTh MOJIOMKUTENEHOCTD OLI€HKM OUCIIEPCUU Grl' HapaMeTp ] MOYKHO BBIOM-

paTh, MCIOJL3YA BHIIIEIPUBeeHHble pexkoMernpanmm I1IBepTa. VIHTepecHo, ITO CcTaTH-
CTMKa Z NOUYMHAETCH TOMY Ke pacrpenenenuto Jurkxku—PDynnepa, 1 MBI MOKEM BOC-
IIOJIL30BATECA TeMM JKe caMbIMy Tabsmiamy Max—KuHHOHA.

Jexmusa Ne 9

IIpomomxum mccienoBaHMe HANWYMA €UMHUYHBIX KOPHEN MJM IOPAIKa MHTErpa-
My BpeMeHHoro pApa. CiemyeT ckasaTh, YTO, HECMOTPSA Ha HaJM4UMe PALA TECTOB, B
gacTtHOocTH Tecta ADF, nponenypa muccienoBaans He Tak Ipocta. Ellle pas akKKypaTHO
BBIIMIIIEM, KaK}e TUIIOTEBEl IIPOXOAAT IIPOBEPKY.

Pan ortaocurea k tumy DS = H,:x, =X, , +¢&, — caydaiiHoe Gmysxnanue Ges
Iperida, HecTalmMoHapHL pax ™ina 1(1);

Pan otsocnrea k tury 1S = H,  x, = px, | +€,;

p‘ <1 - craumonapusi psaz,
Y Hero Jjaske HeT HMKAKOTO TPEeH[a, 3TO CAMBIN IIPOCTENIIMII BII.
Ecm x, =x,, +¢&,, To oflllee pellleHNe PasHOCTHOTO ypaBHeHMA OyneT MMeTb

t
CJeIYIOIMIA BUA X, = X, +Z&‘i .
i=1
Y Hac moKeT ObITE M 0oJiee CJIOMKHAA CUTyalMA, Korja K paAxy Tuna DS oTHO-
curtes psan euga: H 0. X, = H+Xx,,+¢&,, caydaltHoe Omy:xnanmue c Apelicpom. [asa Hero

t
obimee pelienne OyneT MMeTb BUA: X, = X, +,th+281. . CTouT 0oTMETUTE, YTO IIpOLlec-
i=1
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Chbl xt = pr +8t n xt =H +x171 +8t BeayT cebs oueHb II0-PasHOMY M He ABJIAITCA

peaJibHBEIMU aJibTe€pHaATMBaAMM OPYT OPYTY. B camom AeJie, HyJieBad TUIIoTe3a COOTBeT-
CTBYyeT HeCTallMOHaApPHOMY IIPOIleCCy C TPEeHAOM, a aJbTepHaTHMBHasA — CTalIOHaAPHOMY
IIponeccy ¢ HYyJIEBBEIM MaTeMaTUYeCKMM OKMIaHMEM U Ges TpeHga. FBoJee ImoaxoagAalrad

aJbTepHATUBHAS IUIIOTe3a uMeeT Buma: H LiX, =a+ ,Bt +¢&,, TakKe CcOoTepsKallluii Jim-

t
HeliHBII TpeHA. B pesynerare ™Mbl moaydamu ADF-rTeer B cienymoollleM BHe:

p

A, =+ pt+(p—Dx, , + Z@.AXH +¢,. IlocrpoeHme TaKoif perpeccunm — 9T0 1
i=1

ecTb npoBepka ADF-tecra. IIpu 3ToM cTaTmcTuka, KOTOPYIO MBI MCIIOJNb3YEM IJA IIPO-

BEPKM IMIOTE3Bl, — 9TO CTaHAApTHOe t-oTHoLueHue AjsA Koadpduimenra (p—1), Te.
p—1
t= —Q TT. 3JTa CTaTUCTUKA MMeeT pacrpenesenne, Ta6JII/ILU:I KOTOPOTro paccuura-
o
yal

ubl Max-Kunsonom. JlomosHnTe BHBIE perpeccop [ MeHseT NpenesbHOe paclipene-

JIeHMe, KOTOpoe IlepBOHa4YaJbHO ObLIO B TecTe DF. OTo pacnpegesieHne BblpaskaeTcd
yepes CTOXacCTUUECKNe MHTErpaJibl HeMHOTO II0-APYIOMY, M ero KPpUTUYeCK)e 3HaYeHUA

moJTyanJin obosHadeHne 7, .
OTo 03HAYAET, YTO CTAaTUCTMKa OyJeT pasHON B 3aBUCHMMOCTHM OT TOTO, PaBHO [
uysmo i [ # 0. Bojee Toro, Mbl 3HaeM, 4ro et 1 & = 0, To pacrpeneneHne BHOBb

mensiercs. Eciyu Mbl crpons ypasaenue npu [ =0, Te. He BKJIOUaMM 100aBOYHBINL
TPEHJIOBBIY perpeccop, KpuTHdecKyue sHadeHMd obosHadamick 7,. VI, HakoHer, ecim

OTHOBPEMEHHO U & = 0, " ﬂ = O, T.e. MBI He BRJIIOUaeM X B KadeCTBE perpeccopos B
OLleHMBaeMYIO MOOeJb, TO TOrZJa COOTBETCTBYIOIIME KPUTHUMYECKNME 3HaYE€HMA II0JIYYUIUJIN
obo3HaueHe TO . 91O IIPOCTO oJHa M3 BO3BMOKHBIX CHUCTEM 0003HaYeHNI].

CrosxuBmasgca cUTyalMs OTJIMYAETCA OT OOLIYHON JIMHENHOM MHOMKeCTBEHHOM
perpeccun. Tam mobaBiieHMe AOIIOJHUTEJILHOIO perpeccopa He MeHSAET pacllpefielieHue
MCIIOJILBYEMOH t-cTaTUCTUKY (JIMINL MeHSeTCH HYMCJIo cTeleHell cBobonel). Temeps 3To
He TaK. MBI 3apaHee He 3HaeM, KaKle perpeccophbl Ha caMoM JeJie BKJIIOYATh B MOJEJIb,
a KaKlMe HeT, M OKasblBaeMcs B JONOJHUTEJLHO HeolIpefdeJseHHoN cuTyaiuu. HysxHa
HeKoTopada MeToAuKa IpuMeHeHnss ADF-Tecra.

Pacemorpum nponenypy, npeanoskennyo Horaano, JyxerxknucoHoMm n CocBuiia-
Pugepo [7]. HasHadueHne ee Bce TO sKe, MBI XOTHMM pasfesUTh pAnbl Tua TS u DS, Ho
He 3HaeM, HaJ0 BKJIOYAThb TPeHMABI B Mojesb MM He Hajmo. HamoMmHMM, 4To BoIpoc 3a-
KJI04aeTcs B TOM, KaK IPUBOIUTEL PAMA K cTallMOHAPHOMY BUAY: € IIOMOIIBIO ITOCTpOe-
HUSA perpeccuy ¢ JMHEMHBIM TPEHZIOM MJM C IIOMOIIBIO Iepexofa K IePBBIM PasHOCTSM.
IIpomenypa cocToUT U3 cJeAYIOIINX IIIATOB.

1. OuennBaem ADF ypaBHeHMe BUIA!

p
A, =+ pt+(p—Dx, , + Z@Axm. +&,,
i=1
T.e. BKJIIOYaeM B Hero ¥ CBOOOIHBIN WiieH, M JMHeNHbI Tper IIpu aToM HyJeBad I'i-
noresa umeer Bun H,: DS = p=1. Ecin p =1, To pan dakTudeckn OTHOCUTCA K
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HOBOMY THITY, KOTOPBII MBI ITOYTK He MccJefoBalll, B HeM HaJIMIeCTBYIOT ABa TUIIA TpeHIa.
IIycrs mus mpocrotsl p=0, Torfa IosydaeM mpouece Buga X, =+ -1+ x, , +¢&,. O
Ha caMoM JeJie COOepsKUT IBa TpeHMa. Bylem HasbIBaTh JMHENHBIN TPeHJ, cOOTBETCT-
Bylolmmii pany tuna TS, demepmunuposannsvim mpendom, a ciydaliHoe OJIy:KIaHUE C
IperidoM — cmoxacmuueckum mpendom, T.e. CIyUalHO MeHSIOIMMCH TpeHAoM. Pan

HOBOT'O TUIIA COJEPIKUT 00a TPeHJAa'! M CTOXACTMYECKMI, ¥ AeTepMMHMPOBaHHLI. OO6-
llee pellleHye TAKOro yPaBHEHNUSA MMeeT BUA:

xt:xo+Z(0{+,B-t+et):x0+a-t+ﬁ-@+2€t.

Taxkum oOpasoM, IIpollecc COOEPKUT YyiKe KBaApaTWUHBIM TpeHz. HamoMmHuM, |TO

Hr+
Zt = u, 3TO IIPOCTO ap]/[(i)MeTI/I‘-IeCKaﬂ IIporpeccus. CpaBHeHI/Ie BeJIMYMHEI t-0T-
2

HOIIeHMsA IJIA Kod3(hpMIMeHTa HmpM X, ; C KPUTHHYECKMM 3HaUeHMeM paclpefeseHUA

I[I/IKKI/I_CDyJIJIepa MOKeT IIPUBECTU K ABYM BO3MOMHOCTSM. n BEIBOJEBI 3aBUCAT OT TO-
TO, IIoragaeM Jii Mbl B KPUTUYECKYIO o0JacTh OTBEPIIHEeHUA HyJIeBOﬁI TUIIOTE3BI UJINM HE
IIoriagaeM. Econ mpl ImornagaeM B KPUTUYECKYIO O6JIaCTI:, T.e. t-OoTHOLIIEeHNEe (C ydqeToM

3Ha}ca) YAOOBJIETBOPAET HEPABEHCTBY l‘<T1, Torga Hall pAaqg He ¥MMeeT eIVHMYHOTO

KOpHA, T.e. ABJAeTcAa Tuna TS. Ecau sxe 7 > T, TO mpeskzie 94eM cAeNaTh BLIBOJ O TUIIE

7
pAma, Hy;XKHO OTBETUTH Ha BOIIPOC, IIPaAaBMJIBHO JIMM MBI BRJIIOUNMJIM B Hallle ypaBHEHNE
JIMHEHBIN Tpenn ﬁt IIJIFI 3TOro IIPEAIIOJIOMMM, UTO HYyJeBas I'MIIoOTe3a BBIIIOJHEHa U

MHKOPIIOPYPYEM STy IMIIOTE3Y B MCXOOHOe ypaBHeHMe, [ToJydasd Mofesb 0e3 perpecco-

y4
pa x,: Ax, :05+,Bt+z5leH. +&,.

i=1

»
2. Ouennm ypasrHerne Ax, :a+ﬁt+z5iAxH +¢&,. OTo ypaBHEHMe 3aBeloMO

i=1
He MMeeT eIVHWYHBIX KopHell. IloaToMy BOIIpPOC O TOM, BHAYMM MJIM He BHAYMM CTaTU-
CTUYECKM KoaopuIMeHT [, HaKJIOH JIMHEHOTo TpPeHa, MOKeT OBITh pellleH CTaH-

JapTHOI t-cTaTHMCTUMKONM A1A KoadpcpuimenTa npu TpeHge. Ecam xoadpdpuiimenT S He

sHaunM, T.e. =0, To mesaeM BBIBOZ, YTO Mbl 3PS BKJIOUWIM TPEHAOBYIO IIepeMeH-
Hyl0 B ypaBHeHNe ADF-recra. Ecm ke KoadpcpuiimenT f sHa4UMM, TO HAII BBIBOJ Ha
IepBOM IlIare O TOM, YTO PAZL IPUHAAJEXKUT THUILy DS, mosyumsa moaTBepsKIeHUE, U
npolenypa okoHdeHa. Ecim ske KoadppunimernT £ He 3HauUMM, To HaAo IlepeiiTH K cJjle-
OyIolIeMy LIary.

3. IlockoybKy IIpaBOMEPHOCTEH BKJIIOUEHMA JIMHENHOTO TPEeHOa B CIELM(PUKAIIIIO
ADF-Tecta He noxaTBepamuiack, nepexoaum K ADF-tecty 06e3 TpeHza, T.e. olleHMBaeM

2
perpecenmio Ax, =a+(p—-1x, ; + Z 0,Ax, ; +¢&,. PaccunThiBaeM ONATHL t-CTATHCTUKY
i

A KoapuIeHTa IPK perpeccope X, ;, HO Telephb ee HY»KHO CPaBHMBATEL C 7, IIO-

t-17
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TOMY YTO aHAJMBUPYeTCA y2Ke Apyroe ypasHerne. Ecin f <7, , TO Halll BEIBOJ COCTONT

B TOM, 4YTO HET €JVMHMYHOTO KOPHA M HET JIMHEITHOTO TpeHga. Ecmn ¢ > Tr’ TO MBI HA4YM-

HaeM IIPOBEPATH IIPaBOMEPHOCTH BHJIOYEHUA CBO60,ZLHOI‘O JeHa & B cneumbmcaumo

?

ADF-tecta. Crponm perpeccmo Ax, =a+z5iAxH- +&, ¥ IpoBepsieM 3HAYMMOCTH
i=1

cBOOOOHOrO WJieHa II0 OOBIYHOM t-craTmcTuke M pacupenenenntoo CreiomeHTa. YacTo

JJuHa peasmsanuu cocTaBjasgeT 70-80, Tormja MOKHO INpPOBepATE TUIIOTe3y IO HOP-

MaJIBHOMY pachnpepeseHno. Ecan MBI cunTaeM, 9YTO ¢ He 3HA4MMO, TO He JOJIKHBI €0

BKJIOYaThk B ypaBHeHMe nyaa ADF Tecra. B aToM ciaydae olleHMBaeM perpeccuio

P

Ax, =(p-Dx, +25i Ax, , +¢&,. Jlna IpoBepKu HyJIeBOI TMIIOTESBI O CTALIOHAPHO-
-1

CTM UCIIONB3YeM KPUTUUECKIe BHAYeHUA T,,.

IIponsmrocTpupyem mpuMeHeHNe 3TOM MIpolleAyphl IPUMEPOM paHee paccMaTi-
BaeMOT0 HaMM pAfa MHAEKCa NeJIOBOM akTuBHOCTH 1A Bemmkxobpuramnu (UK FTA All
Share) [9]. KosmduecTBo 51aroB 0BLIO BBIOPAHO PaBHBIM TPEM.

1. MeTozioM HaMMeHBIIIMX KBAaAPATOB ObLJA OlLleHEHa CJIeNYIOIAaA MOJeJib!

3 ~
Ax, = 0,124+ 0,00025-1—0,0284x, |+ 251. -Ax, ; +e, (B ckoOKax — t-oTHOIIEHNS),
i=1

t (2,31 (2,29) (-2,27)

rme t-oTHoIeHMe AJA KOd(pUIMeHTa Ipu X, , paBHO —2,27. MBI HOJISKHEI 3TO HUMCJIO

-1
CPaBHUTEL CO 3HadeHMeM 7, Ha ypoBHe sHaummocTy 5%. OHo paBHO —3,49. MBI BuauMm,
uyro —2,27>—3,49. IloaToMy MBI He MOKE€M OTBePTHYTh HYJIEBYIO TUIIOTe3y, KoTopas

BaKJIIOYAETCA B TOM, UTO PAL IPUHAIJIERNT K TUITY DS, T.e. 4TO OH MMeeT eIVHUYHBIN
KOPEHB.

2. Ha BTOpOM IIare OII€HMBAEM PETPECCUIO BUIA!

3
Ax, =—0,0023+0,00007/+ > a,x, , +e,,
i=1

t (-0,27) (118)

T.e. U3 4UMCTa perpeccopoB ybOupaem perpeccop X, . Mel cpaBHMBaeM t-CTaTUCTHKY

Koa(ppuIMeHTa NPK JUHEHHOM TpeHAe ¢ TabimilaMy HOPMAaJBHOTO pacllpeiesleHNs.
Bugnao, uro KoadpdpuieHT He 3HAUMM, CJeIOBaTeJBHO, TPEH ObLI BKJIIOUEH HAIIPAaCHO,
T.€. €r0 BKJIIOUEHMEe He COIJIACYeTCH C HalllUMM peasbHBIMM AaHHBIMM. IToaToMy mepe-
XOIVIM K TpeTheMy ILIary.

3
3. Ouenmsaem perpecemto  Bupa:  Ax, =0,0166—0,00176x, | + ZbiAxH. +e,.

t (0,63) (=0.38) i=1
CpaBHuBaeM t-OTHOILUIeHMe IIpK perpeccope X, ¢ 7,. IlockoJbKy t-OTHOILIeHMe OHUeHb

MaJIeHbKO€, MBI HE€ MOYKEM OTBEPTHYTH TUIIOTE3Yy O HaJMYMM €JVHMYHOTO KOPHS. HO,
MOKeT 6I:ITI:, MEBI 3PS BRJIIOYUJIIN CBO60,ILHI:H7[ qJIeH B Hallly MoAeJlb.
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3

4. OuennBaem Mozmems Ax, =O,OO67+ZCI.AXH +e,. 3meck t-craTMCTUKA, paB-

! (1,78) P
Haa 1,78, npu cpaBHEeHMM ¢ KPUTKYIECKOl BeJIMYMHON CTaHAAPTHOTO HOPMAJILHOTO pac-
npeslesIeHNs OKasbIBaeTCA BHAUMMOI Ha D-IIPOIEHTHOM YpPOBHE II0 OJHOCTOPOHHEMY
KpuTepuio. Paz Koa(ppUIMEHT 3HAUNM, TO KOJIMYECTBO JIATOB BBIOPaHO IIPaBUJILHO, 3Ta
MOJIeJIb ITPAaBUJILHO CIIEIM(PUIMPOBAHA.

Obumii BeIBOA mpuMeHeHUA npotenypsl Homano, Msxenxuucona u CocBunia-Pu-
Bepo 3aKJIoYaeTcs B TOM, UYTO DA COOEPIKUT eNMHUYHBIN KOopeHb, OH OTHOCUTCHA K TH-
oy DS. Takike Mo X0oOy ee NMpMMeHEHMs BBIACHUIOCH, YTO PAL He COOepPIKUT JIMHENHOTo
TpeHzA.

Ecsm 6v1 Ha YeTBepTOM II1are Mbl IIPOBEPSANN HYJEBYIO TUIIOTE3Y IO ABYCTOPOH-
HeMy KPUTEPHIO, TO TOrja OBl AOJIMKHBI OBLIM CKA3aTh, YTO CBOOOIHBIN tWieH He BHATNM,
HO, CKOpee BCEero, IpMUIIM ObI K TOMY K€ CaMOMY BBIBOZLY O HAJMYMUM €JVHUYHOTO
kopHA Ho cnemmdpmrarmsa mopenyn He copmepsrana Obl CBOOOAHBIN HJIEH.

Meb1 BuAMM, 9TO yCTAHOBJEHME TUIIA HeCTAlMOHAPHOCTY PAfa He CBOOUTCH K Of-
HOKPaTHOMY IIPMMEHEHMIO COOTBETCTBYIOLIIET0 TecTa. TpebyeTcsa TIaTeNLHOE MCCJIIEN0-
BaHMe INPaBUJIBLHOCTU CIIeIM(PUKALMY TecToBo¥ Mozem. OmIMcaHHAA MeTOAMKA JCccJe-
JOBaHUSA HaJMM4YKUA eIMHMYHOTO KOPHA He fABJAETCA eIMHCTBeHHOI. Jpyrue moaxonbl
MOYKHO HaiiTn B MoHorpadum ITatTepcona [12].

Y Hac ocTaJlock ellle Ba MOMEHTA, CBASAHHLIX C pasjiMdeHMEM MEKIY PAgaMU
Tumna DS u TS. Ilepsriii Bonipoc noctasua lleppon. IlpaBuibHO J1 TO, YTO MBI CpPaBHU-
BaeM TOJILKO Takye IIPOCThbIe MOJieNV, ¥ KOTOPBIX JeTePMMHUPOBAHHLIN TPEH], Ha BCEM
BpeMeHHOM IIPOMesKYyTKe OOMH M TOT yKe, B TO BpPeMA KaK cTOXacTHM4YeCcKMUII TpeHH Me-
HAeTCHA OT TO4YKM K TouKe. B kauecTtBe Gosee ofieli anbTepHAaTUBEI IleppoH mpemso-
JKMJI paccMOTpPeTh CJeNYIOUIYI0 MoJeJb. ¥ Ipoliecca ecTh JIMHEeNHBbIN TpeH, HO OH MO-
JKeT CTPYKTYPHO MeHAThCHA IIOJ BIMAHMEM KaKMUX-TO IIIOKOB, T.e. JeTepMMHUPOBaHHBIN
TpeH[ IIpeTeplleBaeT CTPYKTYpPHLIe M3MeHeHUA. PAn ¢ TakMM TpeHZ oM KOHeYHO HecTa-
LMOHAPHBIN, HO OH pas3buBaeTcA Ha /[BAa BPEMEHHBIX YYacTKa, Ha KasKJOM M3 KOTOPBIX
PAL cTaMOHapeH MJHM, IO KpaliHell Mepe, oTHocuTca K Tumy TS. Ho mpoucxoamuT mus-
MeHeHMe IIapaMeTpa, U3MeHeHMe CTPYKTYpPbl Mojesn. VIMeeT CMBICJI paccMOTpPeTh Ta-
KYI0 CeTMEHTHMPOBAHHYIO MoOJeJb B KadecTBe aJbTepPHATUBBEI CTOXACTUHECKOMY TPEHIY.
IIpu sTOM fAcHO, YTO B HEKOTOPBIX CIy4YasX MOMEHT TaKOTO CTPYKTYPHOTO CKadKa M3-
BeCTEeH 3apaHee, B APYIMX CAydasgx — HET, ¥ UTO TAaKUX «II€PEJOMOB» MOYKET OBITH,
Bo0OIIle TOBOPS, HECKOJIBKO.

N emte ogme MomeHT. MBI TOBOPWMIIM, UTO MITIEM €MHWYHLIN KOpPEHb, HO Ha CaMOM
JleJle TBITAJMCh PasymyanTh poltecckl Tmra 1(0) u I(1). Ecam mportecc comepskuT He-
CKOJILKO eIMHMYHBIX KOpHeN, To TaKad BO3MOYKHOCTE IIOKa He paccMaTpuBajack. A
BeZlb TaKO¥l caydaii He uckryodeH. Mul yixe paccmarpusasy nponeccsl ARIMA(p,d,q) n
TOBOPMIIM, YTO napaMeTp d MoKeT OBITH JIIOOBLIM UMCJIOM. XOTS B SKOHOMMYECKMX 3a-
Iadax rnapameTp d Oojbllle yeM 2 IIpakTHHecKy He BcTpedaerca Ho, mo KpaliHe mepe,
IIpoliecc MOYKeT CcofepyKaTh ABa eIUHMYHBIX KOPHA B 5ToM ciydae HofABJAETCA TPEThA
BO3MOXKHOCTE! PAA oTHOcuTcHA K Tuiry 1(2). Kiaccuyeckas nporeiypa IIpoOBEPKU CTaTU-
CTHYECKMX TMUIIOTe3 IIPOBOAUTCH TaKMM 00pasoM, UYTO TPeThbA BOSMOYKHOCTE (haKTHde-
CKU «00BbeAVHAETCA» ¢ AJbLTEPHATUBHON TMIIOTE30l. ITO BeAeT K yBEJIMYEHNIO OIMOKM
BTOPOro poja M moTepe 3(PQeKTMBHOCTY CTATUCTMYECKOro TecTa. PaccMoTpuMm 3Ty
Ipobiemy moppobHee.
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B mantGousee obiiem Bume ADF-TecT uMeeT BUI!

i
A, =+ pt+(p—Dx, , + Z@Axm. +&,.
i=1
B xauecTBe rumnores MbI (i)aKTI/I‘-IeCKI/I paccMaTpuBaJIv CIIeOyIoLme:
H,:d=1,
H :d=0.
B ksaccuueckoli nmpolieype IPOBEPKM TUIIOTE3 MINETCHA KPUTUHUECKOe MHOMKECT-
BO TIpu (PUKCHMPOBAHHON BeJmunHe oumbru 1-oro poga P {x eds ‘H 0}2 o . Kputndeckoe

MHOYKECTBO CTPOMTCH, YTOOBI PasAesMTh JBe IMIIOTE3bI: OCHOBHYIO M aJibTePHATUBHYIO.
Ecte mBa ciyuas. Ilepmeifi, Korja MbI TouHO 3HaeM, uTo Jmbo d=0, mbo d=1. To ecThb
Yy Hac MosKeT ObITH MAaKCUMAaJIbHO OJIMH eOVHUYHLIN KopeHb. VI BTOpas cuTyalmsa, Koraa
Yy Hac MOKeT OBITHL HM OJHOTO, OJIMH MJIM ABa €AMHMYHBLIX KOPHA. UTo M3 obiumx coob-
pasKeHMi NOJIYKHO IIPOMB0MTH B 3TOM ciaydae? B mepBoM ciydae, ecam He BepHA HyJle-
BafA TMIIOTe3a, MBI TOo4YHO 3HaeM, uTo d=0. A Bo BTOpoM cJaydae, ecay He BepHa HyJe-
BadA rumotesa, To oo d=0, smbo d=2. IloaToMy KpuUTHUECKMe 3HAUEHUS JOJIKHBI M3-
MeHWMTLCH, y Hac OyneT Apyras CTPYKTYypa KPUTHUECKOro MHOMKecTBa. PDaKTUHecKH,
Korga crpomsica ADF-TecT, MBI IPOBEPSAIM HECKOJBKO MHYIO TMIIOTE3Y, 4TO IIapaMeTp
d He Oojbllle enVHMUIBL A aJbTepPHATMBHAA IMIIOTE3a, UYTO HET HY OJHOTO €IVHWIHOTO
KOPHSA.

IIpenmomnosnum, MBI XOTMM IPOBEPHUTH, MMeeT JIM Ipollecc X, ABa eIMHMIHBIX
KopHA. EcTecTBeHHBIM ITyTeM IIpeiCTaBJgeTCs ABYKpaTHoe InpuMmeHeHne ADF-recra.
Ecnn mynmeBas rumoresa ADF-recra He oTBepraeTcs, HaJo paccMoTpeTs paAm Ax, u

MCCJIeIOBATEL €0 Ha HaJM4Me eIMHWYHOTO KopHA. Ho BOSHMKAaeT BOIIPOC: MOMKET OBITh,
IIpollecc CONEPsKUT He JBa, a TPU WMJM deThbIpe eIMHUYHBIX KOPHA? Y HAac ecThb [Ba
KOHKYPUPYOIINX PasyMHBIX Hozxopna. IlepBblif 3ak/iouaeTcd B IIPOAOJIKEHMM BBIIIE
HaMe4deHHON Iporenypsl. Ecam obHapyskuBaeTca HaIM4uMe eNVHUYHOIO KOPHA, TO TOTAa

GepeM mepByIO pasHocTs AX, ¥ MccieyeM, HeT JiM y IIpeobpPasoBaHHOIO Ipolecca

€IMHNYIHOTO KOpHA. Ecim ecTh, TO IepexoiuM KO BTOPO PasHOCTM M BHOBL IIPOBepPSEM
HaJM4Me eJVHUYHOTO KOPHA y IIpeobpasoBaHHOrO paAna. V Tak maJiee, IIOKa TMIIOTE3a O
HaJIMYMM €JVHUYHOTO KOpHSA He OyzmeT oTBepruyTa. IIpym 3TOM OAX07le MBI IIOCJIENOBA-
TeJILHO IIPOBEPAEM TUIIOTESEI 0 HAJNYNY BCe OOJIBIIEro UHCIa eAVHWYHBIX KOPHEI.

Bropoit pasymMHBI IT0AX0 COCTOUT B IIPOBEPKE T'MIIOTe3 B 0OPATHON IIOCJ]e0Ba-
TesibHOCTH. CHavaJsa BRIIBUTAETCH IIPENIIOJNIOMKEHYE 0 MaKCUMAJLHO BOSMOYKHOM HMCJIIE
eIMHNYHBIX KOPHEN, HallpyuMep paBHOM TpeM. B aToMm ciydae DepeM BTOPYIO PasHOCTH
IIpoliecca 1 IIpoBepseM [IpeoOpasoBaHHBI PAZ Ha HaJMWYMe eIUHUYHOrO KOpHA. Ecim y
IpeodpasoBaHHOTO pPfAfla HET €IMHWYHOTO KOPHS, 3TO 03HAYaeT, YTO BO3MOYKHOCTL Ha-
JVHUNA TPeX eAVHWYHBIX KOPHEeH y MCXOZHOTO IIpollecca MCKJIodeHa. Ecsam HeT Tpex
€IMHNYHBEIX KOPHEN, IlepexoayuM K IIPOBepKe Ha HaJM4dMe ABYX e€IMHUYHBIX KOPHEN,
JLJIA 9ero IIpoBepAeM HaJM4Me eAVHWYTHOrO KOPHA Yy IEepBOi Pa3sHOCTM MCXOAHOTO PAA.
OTOT NOJAXO0[ XapaKTepusyeTcd II0CJeoBaTeJbHON IIPOBEPKOI TUIIOTE3 O HAJMYMM BCe
MeHBIIIero YNMcJa eIVHMYHBIX KopHel. Ha KaxoMm Iiare ocHOBHaA M aJbTepHATVBHASA
IUIIOTE3bl (POPMYIMPYIOTCH CIENYIOIINUM 00pasoM:



2002 JERIMOHHBIE I METOIWYECKUE MATEPHAJIBI 393

H,:max k eounuunvlx KopHeli,
H, :menvuie uvem k eOunHuuHbIx KOpHED.

Jurxky u IlanTysa [5] mokasasy, MCIONb3YA MojeJupoBaHUe o MeTony MoH-
Te-KapJo, 4To BTOPOI noxgxon addeKTHBHEE.

CxeMa ero npuMeHeHMs IJIA cJydad, HalpUMep, TPeX BO3MOKHBIX eIMHWUYHBIX
KOpPHEeI TaKoBa.

ITpumenaem oberanbni ADF-TecT nja BTOPO PasHOCTM MCXOAHOTO IIpoliecca, T.e.

2

onernBaeM perpeccyo Buna A’x, =a+ St +(p —1)Ax, | + Z S.N'x, . +¢,. lpu srom
i1

HyJieBafd M aJbTepPHATUBHAA TUIIOTE3Bl B TePMMHAX MCXOAHOTO Mpollecca BBITJANAT

CeYIOITM 06Pa30M.

H, : 2 xopus,
H, :1xopens.

CrangapTHEIM 00pasoM NpoBepsAeM t-cTaTHCTMKY, cpaBHMBafA ee ¢ 7., U TaK Ja-

Jee. Ecin npouenypa Hosamo mpuBeJia K BLIBOAY, UTO IIPollecC COLEPIKUT TPU enou-
HMYHBIX KOPHA, TO IIpollefypa oKoHUeHa. Eciu ke ruroresa o0 HaJIMIUM TpeX eIUHUYU-
HBIX KOpHEN oTBepraeTcs, IIpuUMeHseM Ipolenypy HoJsaio K mepBoil pasHOCTH MCXOHA-
HOTO IIpollecca, UYTO SKBMBAJEHTHO CPaBHEHMIO TMIIOTE3 0 HAJUYMU ABYX M OOHOTO eOu-
HMYHOTO KOpHA. Ecjau runoTesa o HaJU4IMM OBYX €IMHWYHBIX KOPHEN oTBepraeTcd, TO
nepexoauM K ADF-TecTy 1A MCXOOHOTO pAna.

Jerxmusa Ne 10

Bepremcesa k nogxony IleppoHa, yIIOMAHYTOMY B IpeAblAyluell JeKUun. Bece anb-
TepHATUBLI, KOTOPBEIe MBI JI0 CHMX IIOp paccMaTpuBasu Ipu pasanderuu TS u DS mo-
JeJelt, MCXOOMJAM M3 TOTO, YTO HapaMeTphl, KOTOPBIMM MOAeJM XapaKTepU3yITcA, B
YACTHOCTY CBOOOIHEBIN “WIeH M Ko3(P(PUIMEHT 1P JMHEHHOM TpPeHIe, COXPaHAITCA He-
M3MEHHBIMM BCe BpeMdA HalmMX Habuomernii. OfHAKO MCTOPUYECKME MaKPOIKOHOMUYe-
CKMe PANbl II0/ICKAa3LIBAIOT, YTO MOKeT HaOJIoAaThCAa M Apyras cuTyaimsa. Tpewz mmm
CBOOOOHBI 4JEH MOTYT CKAa4YKOM M3MEHWUTH CBOe UMCJEHHOe 3HAa4YeHMe, pearnpys Ha
TaK HasblBaeMble BHEIIHMe INOKM. TaKMMM BHELIHMMM IIIOKaMM ABJIAIOTCA, HaIIpMMep,
Besinkasa genpeccusa 1929 r. 8 CIIA, medpranoi 1ok 1973 1., a Temepb M poccuiicKmMi
Iecpont aBrycra 1998 r. Mopmesnn ¢ TakuMy CKa4YKOOOpPasSHBIMM MBMEHEHUAMM apameT-
POB Ha3BIBAIOT MOLEJAMM CO CTPYKTYPHBIMM cKaukamy (structural breaks). ITockoJbKy
cragmapTHBIE ADF-TecT He IoIIycKaeT BO3MOXKHOCTM TaKMUX CTPYKTYPHBIX CKadKOB,
CyLIeCTBYeT OIIaCHOCTB, YTO CKA4YKM OyAyT TPaKTOBATBLCA KaK HECTAIMOHAPHOCTE, U
HyJeBas TMIIOTe3a He OyZeT OTBEPrHYTA.

Ham xoTesiock OBl pacimpuTh Hallle paccMOTPeHME Ha €CTeCTBEHHBIE KJACCHI MO-
JleJIell, KOTOphIE COZEPIKAT CKadKooOpasHble M3MeHeHNA IapameTpoB. Ilpu aToMm BpeMsA
CTPYKTYPHOTO CKa4Ka MOYKET OLITL M3BECTHBIM (SK30T€HHBIN CKAuOK) MM HEM3BECTHBIM
(sEporeHHBII cKauvok). HayHeM ¢ IIpOCTOM cUTyallMy, KOTZa M3MeHEHMe IIPOMCXOIUT B
HeKOTOPBI M3BecTHBI MoMeHT. B 1989 r. Ileppor [13] cyMes pacopocTpaHUTL cXeMy
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uccnemoBanua Tvna paga (TS mmm DS) Ha caydaii cTpyKTYypHBIX u3MeHeHui. Ecsn
Mozens Tuna TS (anpTepHatmBHasdA B ADF-Tecre) BKJIOWaeT cBOOOOHBLIN WieH M JIM-
HeMHLIN TpeH, TO BHEITHUI IIIOK MOKET BBI3BATh TPU TUIIA CTPYKTYPHLIX U3MeHEeHMIA.
B nexoTopnlii MOMEHT BpeMeHM MOKET IIPOM30MTH CKAdOK YPOBHA, M JMHMUA TpeHIa
HolifleT HaJibllle ¢ TeM sKe HaKJIOHOM, T.e. C TeM sKe TeMIIoM pocTa. MoskeT IIpom3oiiT
CKAaYOK HAaKJIOHA JIMHUU TpeHOa 0e3 M3MeHeHMA YPOBHA pAma. A MOYKeT IPOU30IiTH
CUTyallus, KOTJa M3MeHMJICSA HaKJIOH M OJHOBPEeMeHHO Ipousollels casur. IIpu sTom
cJemyeT UCCJENOBATH YsKe KyCOUHO-JIMHelNHBIe Mozesu. Boobie rorops, 3Ta Momesb
He ABJIAeTCA JUHENHOM, HO Ha KakJIoM U3 IBYX MHTePBAJIOB OHa JIMHENHA.

Ileppon cnemmduimpoBas MOZeay, KOTOPhlE COOTBETCTBYIOT TaKOMY MHTYUTHUB-
HOMY [IOHMMAaHMIO TpeX YKasaHHLIX cJydaeB IJiA ciaydas papa tuna TS. g kasporo
TaKoro cJiydasd OH BBINMCAJ TakyKe aJbTepPHATUBHYIO MojeJb THUa DS ¢ KadecTBeHHO
TIOXOKMM IoBeneHneM. Hanomuio, uTo B TecTe Jurrku—®Pysnepa tun DS cooTBeTCTBY-
eT HyJIeBoll TuroTese, a TUII T'S cooTBeTCTBYeT aJbTepPHATUBHON TUIIOTE3E!

H,.DS
H, 15 .

Ileppon paccmorpen 3 Tumna Mogedeii: A, B u C, KoTopble COOTBETCTBYIOT TpPEM
PasJIMYHBIM TUIIAM CTPYKTYPHBIX MaMeHeHUi. CBeneM 3TH Mojey B TaOJMITY.

H, TS | H,:DS
A X, = +pF-t+(u, —1,)-(DU), +¢, X, =pu+x,,+d-(t;), +¢,
B x,=pu+pt+(f, - UDT), +¢, X, =4 +x,,+(u, —p)DU), +¢,
c X, =p + B t+(u, —w (DU), + X, =p+x,,+d-D(ty), +
+(B, - BIDT), +¢, +(u, — ) (DU), + ¢,

Ilepeas modeav (mun A) — 3TO ciydali, KOTZa IIPOMCXOIUT M3MeHeHMe cBoOOA-
HOTO 4JleHa CKadKOM B HeKOTOPBIIi MoOMeHT BpeMeHU tpt+1l. Caenysa IleppoHy, BBemeM

cyenymolme 0003HAYEHUA (DU )t — 5TO eOMHBII CMMBOJI, KOTOPLIN ABJSAETCA OOBLIMHOI
1, 1>1,,
0, 1<ty

MeHHaf HeCKOJIbKO HEeIIPMBBIYHO OIpeleJseHa, 3HaK «CTPOro OOJbIlle» O3HAYAeT CKAuOK
B MoMeHT tg+1. Ilpuaem, BuAHO, 4TO [0 cKadka B Momesu TS «paboTaeT» cBOOOIHBIN

dummy-nepemennoit, ompepenennoit xax: (DU), = dta dummy-mepe-

>

4JIeH YPOBHA ILII, a IIocJjie CKa4vKa <<pa60TaeT>> YpPOBEHDB :u2' 310 COBEPIIIEHHO CTaH-

JapTHasa dummy-repeMeHHAA.
Onsa storo ke caydada (Tun A) HyJeByo Momest DS MoO)KHO HammcaThk B CJle-

mytouiem Buge: X, = u+x,,+d-(t,), +&,, roe d — 910 HeKmit KoapPNUIMEHT, U BBe-
1

0, 6 ocmanvuvix CAYHASX

, ty+1

IeHa ellle omHa dummy-nepeMeHHAA D(t,), = . To ectn

aJIbTEPHATVBHAA TUIIOTe3a — 9TO cIydaliHoe OJysxzaHue ¢ ApelidpoM, KaK ¥ ITOJIOMKEHO.
Hpelidp B aTOil MOomenm paBeH [/ BO Bce MOMEHTHI BpeMeHM, KpoMe MOMeHTa CTPYK-
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TypHOTro cKaudka. OGpaTuTe BHMMaHMe, UTO U # [, TC pasHble IMapaMeTPhl OTH MO-

e, obe Tula A, OIMCBIBAIOT OOHO M TO Ke fABJEHMe, HO No-pasHoMy. OpHa IIpu ge-
TepMMHMPOBAHHOM CKadKe B CJy4aliHOM wWiIeHe, a [Apyrad IpPM CTOXaCTUYeCKOM.
Dummy-nepemennan obpaltiaeTca B eIMHUITY AJIA OJHOTO €IMHCTBEHHOTO HaOJIIOZEHMA.
Ecann onmcbiBaTe «4depHBIN BTOPHMKE» B Poceny, Korja Kypc JoJuiapa K pyOJIo CKadKoM
BO3poOC, a Ha CcJAeNYIOIMIl JeHb BepHYJcA K MIpaKTHYecKM IIpeKHeMy 3Ha4YeHUIO, TO
IPUTOIUTCA KaK pas TaKas IIepeMeHHas.

Bmopasa modeas (mun B) — »To MsJI0OM HaKJOHA JIMHelHoro Tpeuzna. Ee merep-

MVHVPOBaHHBII BapMaHT HaM sHakom: X, =+ B, -1 +(f5, — B)(DT7), +¢,.

ITpuuem HOBaa dummy-niepeMeHHas onpefiesgeTCs CIENYIOIM 00pasoM:
. [—t,, >t
(DT™), = 5 B

0, t<t,

>

OTo obbIuHaA cMelllaHHad dummy-liepeMeHHas, TPEH[ ¢ HA4aJIoOM OTcHYeTa B MOMEHT
!, , YMHOMKEHHLI Ha paHee BBeJleHHYI dummy-repeMeHHYIO:

(t—15)(DU), =(DT7),.

IIpocto IleppoH BBes AJA Hee clelnaJbHoe 0003HAYUEHNE.

Mopens Tuna B pna papa DS osmadaer, 4To napameTp apelida MBMEHWUJICA U
ocTaJicA M3MeHEeHHBIM, & B MoJeJi TUIla A OH M3MeHWJICA Ha OOMH IIePHOJ M BepHYJCA
K crapomy sHadenuto. Jaa paga DS mozens Tnna B onmcbiBaer ciaryuaiinoe Ourysxna-

HUe ¢ pasHeIMM Apetidamu X, = 4, + X, + (i, — 1) )(DU), +¢, .

Tpemwvs modeawr (mun C) — 3To caMbIil oOIMI curydali, Kora IIPOMCXOAAT o00a
M3MEHEeHNs, ¥ YPOBHA PANa KaK B MOJeJM TuIIa A, ¥ HaKJIOHA TPeHIa KaKk B MOZesn
Tumna B.

Wcnonssya mogesmpoarne o merony MonTe-Rapio, Ileppon mokasa, 4To ecim
JlaHHBIE CTeHEePMPOBaHBI OHOM M3 MofeJieli U3 JIeBOoro cToJbIa, T.e. ABJIAIOTCA IIPOIIECCOM

na TS, To MHK-oueHka Koadpuipenra 7 B perpecemu X, = i, +yx, |+ +€, Bee

CUJIbHEe CMeIlleHa K eNVHUIE II0 Mepe YBeJWUEeHMA BeJIMYMHBI CKauKa. OTO 03HA4aeT,
uro ADF-TecT OyzmeT ommOOYHO AMArHOCTMPOBATHL HaJM4YMe €IMHUYHOIO KOPHHA, [IOJI-
TBePUKasa paHee BbICKa3aHHOe ollaceHre. ITIoCKOJILKY CMellleHNe He ycdesaeT [Py yBe-
JMYEHNM AJMHBL pAfa, roBopar, 4To ADF-TecT HecocTofATeJIeH IIPUM CTPYKTYPHOM
crauke TpeHza. Jna mMomesnn Tura A, Korja IPUCYTCTBYET TOJLKO CKAYOK CBOOOIHOTO
uynena, ADF-TecT, BooO111e roBopsa, cocroATeseH (1o pesynasTataMm Ileppora), HO UMeeT
HMUBKYIO MOIIHOCTL. OTOT PEeBYJLTAT He ABJAETCA HEOKMUJAHHLIM, IIOTOMY 4TO B CJIydae
IPUCYTCTBUA €IVHWYHOIO KOPHA Jo0aBKa OJHOTO perpeccopa, Kak Mbl YiKe BUIENN,
YACTO MeHsAEeT BBIOOPOUHYIO CTATUCTUKY, HABEPHO M 3/€Ch TaK.

Ileppon mpennosxni oboblllenne cTpaTernyu TECTHPOBAHMA Ha HaJM4YMe €NVHUY-
HOTO KOPHSA IIPMMEHMTEJILHO K BO3MOYKHOMY IIPMCYTCTBUIO CTPYKTYPHBIX CKadkoB. Ha
IIepPBOM IIIare IMIPEIJIOKEHHON IIPOLEIYPEI MCXONHBIN PAA «OUMINIAeTCHA» OT TPEHHa Co
CTPYKTYPHBIM CKAadKOM, AJIA Uero HaXOAATCH OCTATKM Perpeccuy MCXOOHOrO PAfa Ha!

a) KOHCTaHTY, JMHEHHbII Tpera u nepemernyo (DU),;

o o *
B) KOHCTaHTY, JMHEHHbIT TpeHa u nepemennyo (D717),;
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C) KOHCTaHTY, JMHelHbII TpeHs, nepemennyo (DU), n nepemennywo (DT7),,

JLJIA BBIIIEYIIOMAHYTHIX Mogetel tuna A, B u C coorBercTBeHHO. K ocTaTkam oT per-
peccun npuMmeHseTca TecT Jukxkn—PDysnepa (He paclMpeHHBIN), HO KPUTUYECKNE TOU-
KK pacnpefleleHUsl (-OTHOIIIEHMs He COBINAJalOT cO 3HAYeHMAMM, pPacCUYMTaHHBIMU
dynnepom. Iloaromy Ileppor paccumran mx cam. Okasajioch, YTO 3TU KpUTHHUECKHe
sHauYeHMUsa Oousbllle 110 abCOJIOTHOM BeJMUMHE, YeM COOTBETCTBYHOIIMe 3HadeHus k-
ku—®Pyanepa, M 3aBUCAT He OT JJIMHBI peaymsaliun T, a oT MecTOpacIoJOKeHUA MO-
MeHTa CKa4iKa OTHOCUTEJILHO IJIMHBL psaaa. IlonpobyliTe BKIIOUNTL MHTYUTHBHOE ITOHM-
manue. IlpencraBeTe cebe, UTO MMeeTCA IJIMHHAA CepuUsd HAOJIONEHMII M CKAdOK IIPO-
KU30IIe] B caMOM ee HadaJjle, M BTOPOI ciydall, Korja cKadoK IIPOM3olIe]l B cepelnHe.
Kak BBl nymaere, Korpa Jierde OTJIMYNTL, OBLI CKadoK yym HeT? OTBeT fACEH: BO BTO-
poM ciaydae. DaKTHIeCKM MBI cpaBHMBaeM JIBe MoJeJM: Ha OOHOM BpPeMeHHOM MHTeP-
BaJie ¥ Ha ApyroM. Eciy uHTepBas MaJieHBKMI, pasimune Kak Obl He ycneJsio HabpaTb
cuty, HaM OyZeT CJIOJKHO cpaBHMBATL. IloaToMy KpuTHdecKyue 3HadeHUsA TecTa Ileppo-

1
Ha 3aBUCAT OT COOTHOLIEHUA £ . HpI/I J1060M MecTe pacrioysoxeHmns CKa4dka, KakK

YiKe YIIOMMHAJOCH, KPUTHUYECKNEe 3Ha4YeHMs CTaTUCTUKN HeppOHa 1o abCoJIIOTHOI Be-
JIMYUHE 60JII:LH€, 4YeM COOTBETCTBYIOIIME IOJI DF—pacnpe,ueJIeHMﬂ. W camble GoJbliie

t
10 MOJYJIIO KPUTUHecKUe S3HAYEHMA COOTBETCTBYIOT | — |= 0,5. Hampumep, m1s ypos-

HA 3HAYMMOCTHU 5% KpUTHYeCKoe 3Ha4YeHIEe, II0JIyYEeHHOe HeppOHOM AJIA MoJeJn TUIla

!
A mpu | £ |= 0,5, cocraBuno —3,76, a COOTBETCTBYIOIlee 3HAYEHME CTATUCTUEM JIMK-

ku—®Dyanepa cocraBiaseT —3,41.

Ileppor npumennJ cBOM IOAXOZA K MCTOPMHYECKMM MaKpPOIKOHOMMYECKMM paAaM
CHIA y BBISCHMJI, YTO JIOIIyILIleHME BOSMOYKHOCTM CTPYKTYPHBIX CKAYKOB MBMEHAET pe-
synbTaThl Henbcona u Ilnoccepa, yske He Bce paAnbl oTHocATCA K TULy DS.

OueBUHLIM HEJIOCTATKOM M3JIOKEHHOTO IIOAX0Jla ABJAETCH IIPEeAIIoJOoMKeHNe, YTO
B OTBET Ha BHEIIHMII ITIOK IIPOMCXOAUT MIHOBEHHOE MBMEHEHMe [IapaMeTpa (IapaMeIpoB)
mozmeny. Bojiee peanycTMYHBIM IIPEJICTABJSAETCA IIOCTENIEHHOEe M3MEHEeHMe I1apaMeTpoB
KaK peaKIMa Ha BHeIHM oK. JpyruMm cjioBaMy, M3MeHEHVe MMeeT JIATOBYIO CTPYK-
TYypPY, MOKeT ObITh, DecKOHeUHY0. PeakIio 1IepBoro THIa B JUTepaType NPUHATO Ha-
3BIBATL AOOUTHUBHBIM BhIOpocoMm (additive outlier, AO), a peaKIuo BTOPOro THIIA —
MHHOBAIlMOHHLIM BhIOpocoM (innovation outlier, 10). B cBoeit pabore Ileppon mpenso-
SKMUJI LA CJIydas MHHOBAILMOHHOIO BhIOpOCA OLIEHUTEH perpeccuio (AJd Haubosee obIriero
caydas — tumna C):

3
X, =a+0(DU), + fr+8(DT"), +px,, +d-D(ty), + Y ¢,Ax, , +¢,.
i1
HyseBoii TunmoTese HaJWYUA eIUHMYHOTO KOPHA COOTBETCTBYIOT 3HAYEHWA MapaMeTPOB
y=1,0==06=0, ampreprarusuoii ruroreze — ¥ <1;6, 5,6 # 0. Kpome Toro, mipu
HyJIeBoji TMmoTe3e mapameTp d He NOJKeH ObITh paBeH 0, B TO BpeMA KaK MPU alb-

TEPHATMUBHOM TUIIOTe3€e OH JOJUKeH ObITh OsmsoK K 0. Jua tuno B n C umcio perpec-
COPOB COOTBETCTBEHHO YMEHBITIaeTCA. UpesBBIYAiHO YIOOHBIM MJIA IT0OJB30BATENA IIPO-
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nenypel IleppoHa ABIseTcA TOT (PaKT, YTO KPUTHUHUECKNEe BHAYEHUS, PaCCUUTAHHBIE
IlepponoM, ABAAIOTCA OOHMMM M TeMM sKe KaK OJA afOuTUBHBIX, TaK ¥ AJIA MHHOBAI[M-
OHHBIX BBEIOPOCOB.

Opuum mna obobiennit nogxona Ileppora O6vl0 pacnpocTpaHeHMe ero Ha cuydan
HEeCKOJBKMX CTPYKTYPHBIX CKAadKOB B pasHble MOMEHTBI BpeMeHM. Panmonopt u Perix-
JuH [15] paccMoTperny caydail IBYX CKadKOB B TpeHAe, a B paborax Bas [1] u Baa ¢
Ilepporom [2] npenjoskeHHasa MeToANKa paclIlpocTpaHeHa Ha ciydall HeCKOJBKMX CTPYK-
TYPHBIX CKA4YKOB. BBUY TPOMOBIKOCTM M HEOOXOAMMOCTH Habopa TadJmMI] HOBBIX KPUTU-
YeCcKMX 3Ha4deHM) OOJIBIIOro IpMMEHEHNA 3To 0000IIe e [I0Ka He HAIILIO.

Crabemm MecToM noaxona IleppoHa ABJIAETCA MPEAIIOJIOMKEHNE O TOM, YTO BpeMsA
CTPYKTYPHOTO CKadKa M3BecTHO 3apaHee. 3UBOT M OHApIoc [18] mokasaay, YTO MOMEHT
CKadKa He MOMKeT OBITh IIpefionpeniesieH 3apanee. OHM IIpeAsosxuay obolllieHye moa-
xoga IleppoHa Ha caydali SHIOTE€HHOTO CKadKa, T.e. CTPYKTYPHOTO CKadKa, MOMEHT KO-
TOPOTO OIIEHMBAETCH OJHOBPEMEHHO C OLIEHKOI K03(pUIMEeHTOB Mofes . 3UBOT U OHI-
pIOC IIOJIAraoT, YTO HeT HeOOXOAMMOCTY BBOAUTEH CTPYKTYPHBIN CKAuOK B HYJIEBYIO MO-
JleJIb, ¥ paccMaTpUBaiOT OOJBIIIOE II0 BeJIMYMHE MBMEHEeHNe YPOBHA IIPOCTO KaK OCyIle-
CTBJIEHME PEeIKOro CoOBLITISA, COOTBETCTBYIOLIETO «XBOCTY» pacipenesnenusa. lloaTomy
HyJeBas I'MIIOTe3a B MX IIOJIXOZe IIpeJicTaBigeT coboii crydaliHoe OJy:KAaHMe cC Jpeli-
dom. AnbTepHATVBHAA MOJEJE IMeeT BUL!

k
x, =a+6(DU), + fi+S5(DT7) (A +m, , + D cAx, , +¢,,

i=1
cxonHblt ¢ mogxozmom IleppoHa, Ho Ges dummy-mepemernoit D(f;), m ¢ KomoJsHu-

TeJILHBIM HapaMeTpoM A, paBHEIM OTHOIIEHMIO HeM3BEeCTHOTO MOMEHTa CKadKa K /M-
He paApa. JajbHelilllee HamoMMHAeT IIOMCK Ha pelrneTke. CTPoATcA ajbTepHATUBHEIE
MOJZIeSIM [IJIA BCEBO3MOYKHBIX MOMEHTOB BpeMeHM cKaudka oT t=2 mo t=T—1 u BeiOMpaeT-
cA Ta M3 HUX, IJIA KOTOPOI t-OTHOIIEHME KOD(UIMEeHTa } MIPMHMMAEeT HaMMeHBIIIee

sHauenne. He zabynbTe, 3Ta BemunHa oTpUllaTeNBHA.

IlockonbKYy MOMEHT cKadKa oOlleHMBaeTCs IPOIeAypoll HocsaeoBaTeJLHOrO IIepe-
Oopa, a He uB3BeCcTeH B3apaHee, KPUTUUECKMe 3HAUEHMd, paccuuTaHHble IleppoHOoM,
OoJbllle He MOAXOAAT. 3MBOT M JHIPIOC, a Takke BaHepmsu c coaBTopaMm [3] paccum-
Taay, ucnoab3ys Meron MonTe-Kapio, KpuTutdecKkue SHaUYeHMA IJIA 3TOTO IIOAXOIA.
OHu Jexxart ellle JieBee KpuUTHUdecKux sHadeHuii Ileppona. Tak, Hampumep, S-IporeHT-

HOoe KpuUTHdecKoe sHadenme IleppoHa A 3aflaHHOrO 3HadeHus napamerpa A =0,5 co-
craBidAeT —4,24, a cooTBeTCTBYIOIlee 3Ha4UeHMe AJIA OlleHeHHOTO 3Ha4YeHUA MapaMeTpa
paBHO —5,08. IIpMMeHUB CBOIi IOAXOA K Bce TeM Ke JaHHbBIM HesbcoHa m Ilnoccepa,
3MBOT M SHAPIOC B HeThIpeX M3 JecATM cIydasaX yCcTaHOBMIM B oTymuue oT IleppoHa
HaJM4yMe eIUHNYIHOTO KOPHA.

B radecTBe MaMIOCTpaIMM paccMOTPUM MHTepeCHBI NMpUMep NIpMMeHeHMA HToii
meTomukn (cm. puc. 10.1). PacemoTpum cHaudasa ero ydacTox ¢ 1971 mo 1988 rr. [9]. Ha
3TOM y4acTKe Pl JeMOHCTPUPYeT HEKOTopoe I1ofo0Me HaJIUYMA CTPYKTYPHOTO CKadKa.
Ecnn npumennts K 3TOMY pany obbrumbni ADF-TecT Ha Hasmuue eOVHWYHOIO KOPHHA,

To 7, =—1,84, a cooTBeTCTBYIOIIIEe KPUTHUECKOE 3HAYEHNEe Ha 10-IIPOLIEHTHOM ypOBHE

BHAYMMOCTHM PaBHO —3,15, TaKk YTO MBI HE MOYKEM OTBEPTHYTH HYJIEBYIO IMIIOTE3Y O Ha-
VYUY €TUHUYHOTO KOPHS.
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HoOMep roga, HauumHana c 1871

Puc. 10.1. JorapndpM cpegHerofossx sHauenuit nggekca S&P s CITA s 1871-1997 .l

Crenysa Ileppony, nompobyeM BRJIIOUUTE B paccMaTpuUBaeMble TUIIOTESLI HAJMUME
CTPYKTYPHOTO CKaudka. EcTecTBEHHO IPeANIoNoKNTL ero B 1929 r. (58-e sHavenne psana),
TO, 4TOo B Amepure HaspBaloT Great Crash, mimm Bermkas nenpeccusa. OTHoLIeHNEe Bpe-
MeH) MOMEHTa CTPYKTYPHOIO CKadra K obiert nimmHe pana (118 Touer) paBHO IPUMEPHO
0,5. Onerka momesm umna C gaeT (B ckobKax — 3HAYEHMA CTAHNAPTHBIX OLMOOK):

, =0,570+0,0070-7- 0,216 (DU ), +0011(DT ), 0177D(t ), +0,707 x, | + 0,156 Ax, ,

se.  (0,117)  (0,0017) (0,068) 0,003) (0,062) (0,092)
HyneBas rumoTesa mo-mpexxHeMy umeeT Bup: H :DS =y =0. Ypasuenne ADF-tec-

Ta 3allMiCaHO He B CTaHJAapPTHOM BUMIE. YT00BI IIpUBECTM €ro K CTaHOaApPTHOMY BUAY, HaIOo

0,707- 1

BBIYECTH 3 OILI€HKU KOB(b(bMHMeHTa eNVHUITY, II09TOMY IIoJIy4YaeM: (=~ 4 74 .

0,062

[B
IlaTunporierTHOe KpUTHUYUecKoe 3HadeHMe u3 Tabsmi Ileppona mna 4 =-2 = A paBHO

T

—4,24. TlosToMy HYJIEBYIO TMIIOTE3Y O HAJIUUMUM €IVHWYIHOTO KOPHA HYKHO OTBEPTHYTH
H&a 3TOM yPOBHE BHAYMMOCTM.

IlocrkoneKy Bce koapdUIIMEHTH, KpoMe Koadduimenta nmpu dummy-repeMeH-
Hott I)(f,),, cTaTMCTUYECKN BHAUMMEL, [IePeCUNTaeM MOZeJb, MCKIIOUNB 9Ty IepeMeH-

uHyo. IlocTpoeHHaA MOAeNb COOEPIKUT aBTOPETPECCHUI0 BTOPOTO Mopsanka. Kak MBI yiKe
BUZEJV PaHbIlle, MOYKHO IIPEeACTaBUTL MOJEJb B 3KBMBAJICHTHOM Buze Oe3 aBTOperpec-
cuM, HO C aBTOKOppeJAllMell BTOpPoro IOpAAKa y cJaydaliHoll cocTabJaAmoleit. Taxoe
IIpeJicTaBJEHMEe B HTOM cJydae fABJIseTcA Oosee ynoOHBIM AJis MHTepnperaimu. B pe-
3yJibTaTe, OLleHMBAas, II0JIydaeM!

D Merounux nanubix: daiin S&P500 Ha caiire
http://www.lboro.ac.uk/departments/ec/cup/
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x =1859+0,01887+0,0366(DT™), ~0312(DU), +e,

s.e. (0 085) (o 0047) (0,007) 0,152)

Harrmr ocraTkym cramm KoppesmposanHbMM, T.e. e, = 0,932¢, , —0,200¢, , +u,. Ilpu-
(0,093) (0,094

yeM & =01678. YTo MOMKHO 3aKJIIOUNTE 110 3Tol mMomesm? Jo CTPYKTYPHOTO CKadkKa
u 2 y y

HaOJrojaeTcA BHAYMMEBIN JIMHEHHBIN TPEHZ, OH COOTBETCTBYET NPUPOCTY WHIAEKCAa Ha
1,88% B roz. Uro npousoiuio B MoMeHT ckauka? C 1930 r. Temn pocra usMenmsaca. OH
BeIpoc Ha 3,66%, u cran 5,55%. VsMeHeHMe TpeHAa OOHOBPEMEHHO COIIPOBOKIAJIOCH
ckadkoM BHM3 Ha 0,312

K sromy ke ydacTKy psaga ObLia IIpMMeHeHa MeTOAMKa 3MBOTa ¥ OHAPHOCA, T.e.
JIOTIOJIHNTENBHO OIIEHMBAJICA MOMEHT CTPYKTYPHOTO CKadKa. B 5TOM ciydae CKatdoK OOHA-
PY'KMJICA coBceM B APYToll TodKe, oH cooTBeTcTBYeT 1950 r. 1 Momess Hocie ompemese-
HUA BPEMEHM CKadKa NPUHANA BUI: x =1871+0,01937+0,0391(DT7), +0377(DU) +u,-

se. (0 064) (o 0024) (0,0069)
31meck u , TOXKe MIOOUMHAETCS aBTOPErPeCcCHOHHOM cXeMe BTOPOro IIOPALKA, MBI OIIyCcKa-

eM 3T0 ypaBHeHMe. CorJlacHO 3TOI MoJeldM cKadoK IIpousolnet B 1950 r., u 3aTem TeMn
pocTa cras Gosblite, yeM 1,93%, a TouHee Bospoc Ha 0,0391. Ob6paTuTe BHMMaHMe, UTO
CKa4i0K B CBOOOJIHOM HJIEHE TOXKE ITOJIOMKUTEJILHBIN.

Hasxe Ha 3TOM IIpuMepe BUAHA BasKHOCTL ydeTa CTPYKTYPHBIX M3MEHEHMI: ecim
He YYMTBIBATL CTPYKTYPHOTO CKadKa, MccllefyeMbIll pAf oTHocuTcA K Tuiry DS c enm-
HUYHBIM KOPHEM. YdeT CTPYKTYPHOTO CKadKa IIO3BOJIMJ OIMcaTh PAM IpolleccoM THIIa
TS. Ecm mckaThb 1o (popMaJbHOM IIpolenype IIepyosl CKadKa, TO Mbl HAIIM IPYroe
BHaYeHMe, NIPUUEM €ro TPYIHO MHTepPIpeTHpoBaThb. Eciay HaJIoXUTE Ha rpadur obe
MOJZleJM, TO pacXoKAeHMe MeXTy HMMM KadecTBeHHO 3aMeTHO TOJbKO Mexny 1929 u
1950 rr. Ha npoMeskyTKax I0 M IIOCJIe HTOTO Mepuofa MofeJsy XOPOoIIo corJacylTes ¢
pamoM u Meskny coboil. Ecim MBI 3aHMMaeMcs IIPOTHO3SMPOBAHMEM Ha OJmskaliliee
BpeMs, 0be HTM MOJAeNM NIPUBENYT NPUMEPHO K OJHOMY M TOMY JKe, ecJau Ke OyreMm
TeMII pocTa 3KCTPaIoJMpoBaTh Ha IJUTEJNBHBIN Mepuof, To, KOHeYHo, NIPUAEM K pas-
HBIM Pe3YJILTaTaM.

JnuTepecHO cpaBHNTL Pe3ybTATHI AHAJOTMYHOTO IIOAX04a IIPUMEHNTENBHO KO Bee-
My auanasory c 1871 mo 1997 rr. [10]. Crangapraelt ADF-TecT Ha Haan4Me eqVMHMY-
HOTO KOPHA Tereph JaeT BeJW4uuHy 7, =—115, KpuTudecKoe 3HaYeHNe He MBMEHUIIOCH,
TaK 4YTO HIO-IIPesKHeMY MBI He MOYKEM OTBEPTHYTE HYJIEBYIO TMIIOTe3y O HaJIMUMK eny-
HUYHOTO KOPHA.

IIpumenns mnoxxon IleppoHa co CTPYKTYPHBIM cKadkoM B 1929 r, moaydaem
CJIeIYIOITYIO MOJZieNIb (B CKOOKaX — 3HAYeHUA CTAHIAPTHBIX OIINOOK):

x, = 0,334+ 0,0066 1 —0,235(DU), +0012(DT) +O184D(,), +0.731x, , +0.128Ax, ..

se. (0 089) (0 0017) (0,065) 058) (0,088)
Bugno, uro xoadpduimeHTsl Momesm (3a MCRJIOUEHNEeM HEe3Ha4YMMOro Ko3dpuimeHTa
npu dummy-nepemenHoit D(f;),) IpakTUYeCKM He M3MEHWIMCh. 3Ha4deHue t-oTHoIre-

HUA Tellephb cocTaBuio —4,65, 1 HyJeBas IurnoTe3a BHOBL OTBepraeTcs Ha D-IIPOIIEHT-
HOM ypPOBHE BHAa4MMOCTM.
IlepecunTaem Mofieb, UCKIIIOYMB TlepeMeHHyI0 [)(f,), M NepeHecs JIaroBylO CTPYK-

TYPy B OCTaTKU. B pe3ysbTaTe, OIleHMBAHA, IOJyIaeM!
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x =1335+0,01751+0,0430(DT™), —0346(DU), +e, -

se. (0,206)  (0,0053) (0,0074) (0,156)

OcraTky OIMCBIBAIOTCA MOTENBIO ¢, =(0945¢,  —0,177¢, , +u,- Ilo-mipexxuemy &, =01678.
(0,091) (0,092)

Ilo cpaBHeHMIO ¢ aHAJOTMYHON Mofedbio nas 1871—1988 rr. yBesmueHme TpeHIa He-
CKOJIBKO OoJbllie: He Ha 3,66 %, a Ha 4,3%. VIsMeHeHMe TpeHZA IO-IIPEKHEMY COIIPO-
BOJKJIa€TCA CKAauKOM BHM3, HO Terepb Ha (,346. Ilo rpaduky MOKHO IIOHATE, YTO MIPU-
YMHOM 3TUX M3MEHEHWI B IIapaMeTpax MoAesy fABJsgeTcH DoJiee OBICTPBIN POCT MHIEK-
ca B 1989-1997 rr. B nesom noxxon lleppoHa maj collocTaBUMBlE pe3yJbTaTbl IJIA
000MX YHaCTKOB.

CoBcem mo-zpyromy oOCTOMT AeJio ¢ MeTOAMKONM 3mBoTa M OJHApioca. B stom
ciydae cKadoK oOHAapysKMJICA B TOUKe, COOTBeTCTBYMOIIel 1931 r., 4To BecbMa OJIMBKO K
BeJuKoli genpeccun. IIpu sToM HyJeBad MOAEJb O HAJIUYMM e€AMHUYHOTO KOPHSA IIO-
IIpesKHEMY OTBepraeTcsa Takoe pacxoKIieHMe B OLleHKaX BPEMEHM CKadKa IIpu Jo0aB-
JIEHMM OTHOCUTEJIEHO HeODOJIBITIOTO WHcJia TOUYeK PAfa CTaBUT MHTEPeCcHBIE BOIIPOCHI O
JIOBEPUTEJLHOM MHTEPBaJle 3TOM OLIeHKM M 0 pobacTHOCTM BeCell Ipollefyphbl 3UBOTA U
SHApPIOca, HO OHM BBIXOOAT 3a paMKM Halllero Kypca.

*

CIIMCOK JIMTEPATYPEI

1. Bai J. Estimating Multiple Breaks One at a Time // Econometric Theory. 1997. 13.
P. 315-52.

2. Bai J. and Perron P. Estimating and Testing Linear Models with Multiple Structural
Changes // Econometrica. 1998. 66. P. 47—78.

3. Banerjee A., Lumsdaine R.L. and Stock J.H. Recursive and Sequential Test of the
Unit Root and Trend Break Hypothesis: Theory and International Evidence // Journal of
Business and Economic Statistics. 1992. 10. P. 271-87.

4. Dickey D.A. and Fuller W.A. Distribution of the Estimators for Autoregressive
Time-Series with a Unit Root // Journal of the American Statistical Assiciation. Vol 74. 1979.
P. 427—-431.

5. Dickey D.A. and Pantula S.G. Determining the Order of Differencing in Autore-
gressive Processes // Journal of Business and Economic Statistics. 1987. Vol. 5. P. 455—461.

6. Diebold F.X. and Nerlove M. Unit Roots in Economic Time Series: A Selective Sur-
vey // Rhodes G.F. and Fomby T.B.(eds.). Advances in Econometrics. Vol. 8. Greenwich, CT:
JAT Press. 1990. P. 3—69.

7. Dolado J.J., Jenkinson T. and Sosvilla-Rivero S. Cointegration and Unit Roots //
Journal of Economic Survey. 1990. Vol. 4. P. 249-73.

8. Johnston and DiNardo J. Econometric Methods. Fourth Edition. The McGraw-Hill
Companies, Inc., 1977.

9. Mills T.C. The Econometric Modelling of Financial Time Series. Cambridge Univer-
sity Press, 1993.

10. Mills T.C. The Econometric Modelling of Financial Time Series. Second Edition.
Cambridge University Press, 1999.



2002 JERIMOHHBIE I METOIWYECKUE MATEPHAJIBI 401

11. Nelson C.R. and Kang H. Pitfalls in the Use of Time as an Explanatory Variable in
Regression // Journal of Business and Economic Statistics. January 1984. Vol. 2. P. 73—-82.

12. Patterson K An Introduction to Applied Econometrics: A Time Series Approach.
Palgrave, 2000.

13. Perron P. The Great Crash, the Oil Price Shock, and the Unit Root Hypothesis //
Econometrica. 1989. 57. P. 1361—401.

14. Phillips P.C.B. and Perron P. Testing for Unit Roots in Time Series Regression //
Biometrica. 1988. Vol. 75. P. 335—46.

15. Rappoport P. and Reichlin L. Segmented Trends and Non-Stationary Time Series //
Economic Journal. 1989. 99 (Supplement). P. 168—77.

16. Said S.T. and Dickey D.A. Testing for Unit Roots in Autoregressive Moving-
Average Models with Unknown Order // Biometrica. 1984. Vol. 71. P. 599—-607.

17. Schwert G.W. Effects of Model Specification on Tests for Unit Roots in Macro-
economic Data // Journal of Monetary Economics. 1987. Vol. 20. P. 73—-105.

18. Zivot E. and Andrews D.W.K. Further Evidence on the Great Crash, the Oil Price
Shock? And the Unit Root Hypothesis // Journal of Business and Economic Statistics. 1992.
10. P. 251-70.



498 SKOHOMMWYECKNI JXYPHAJ BIID Ne 4

JERKIIMOHHBIE U METOQUYECKUE MATEPUAJIbBI

AHaJIN3 BpEMCHHBIX paAnoBl)

Rautoposuu I'.I'.

Ilpopgomraerca mybimiranma Kypca «AHaJMM3 BPEMEHHBIX PAAOB». B
3TOM HOMepe paccMaTpUBAETCH MOAEJMPOBaHME CE30HHOCTM B TepPMMHAX
Mmogenert ARIMA, mocTpoeHMe aBTOperpeccHMOHHBIX MofeJsell ¢ paclpefe-
gensbMu Jaramu (ADL), momesmm koppestaimm oumbxkamu (ECM), pasimr-
HBle TUIIB] SK30T€HHOCTM II€PeMEHHBIX, HauaTO PacCMOTpPEHME MHOTOMEPHBIX
BPEMEHHBIX PSAIOB.

B cuenyromem BhITycke OymeT MPOLOJKEHO paccMOTpeHMe Mopesielt
MHOT'OMEPHBIX CJIYYalHBIX IIPOIeCCOB, KOMHTETPAIMOHHBIE Perpeccui, Tec-
THPOBaHNE KOMHTEIPALIVN.

Jdexmua 11

Ce3zoHHOCTD

CratucTudecKkye JaHHble OMHAMUKM 3KOHOMMYECKUX BeJIMUMH YacTo JeMOHCTPU-
PYIOT peryJsapHBIe MM IIOYTH PeryJiApHBIe KoJiebaHMA. OTO ABJEeHNEe HOCUT HasBaHMe
cesoHHOCTHU. TaK, ecsiu paccMaTpUBATL OaHHBIE 00 00BeMe IIPOMBIILIEHHOTO IPOM3BOI-
CTBa, TO ypPOBeHb IIPOM3BOJICTBA B AHBAPE MMeeT OOJIBIIYIO CBASL C IPOMB3BOACTBOM B
IIPOLILTIOTOHEM SHBApE, YeM C IIPOM3BOJICTBOM B IIPENLIAYITIEM Mecsle — Aerabpe. OObIYHO
B Poccun B AnBape HabsromaeTcsa cUJIbHOE IajieHNe IIPOM3BOACTBA II0 CPABHEHUIO C Je-
kabpeMm. B pasBUTHIX cTpaHaxX B JeTHME MeCAITHI IIPOMCXOOUT CHUIMKeHMe 0e3paboTuilhbl
B CBA3K C Ce30HHBIMM paboTammu. JaHHBIE 0 POSHUYHBIX IPOAAYKAaX OOBLIYHO MMENT 3a-
MeTHBIN «BCILJIECK» B JeKaldpe, 4To HOCUT Ha3BaHME POKIECTBEHCKOTO appeKTa.

W3 npemgpipymx Jgekiyii BuaHo, uTo Mogesu Tuna ARIMA 1mioxo onuceIBalT Ta-
KOe Ce30HHOe LUKJIMYECKOe IIoBeJleHMe NaHHBIX. JpyruMy cjoBaMy, HeABHO IIPEeNIIo-
JaraeTcs, YTO Ce30HHOCTEL IIpeliBapUTeN]LHO yCTpaHeHa. B TpaauIMoOHHON SKOHOMMKUe-
CKOJf ITIPaKTHKe TaKoe «eCe30HMPOBaHMEe» NAaHHBIX MOJIyYMJIO IIMPOKoe puMeHenue. Of-
HUM M3 paclpocTpaHeHHBIX MeTOZOB fABJSAETCA XOPOIIo BaM M3BeCTHOE M3 Kypca KO-
HOMETPUKM IIpuMeHeHMe dummy-riepeMeHHBIX. Hampumep, 118 KBapTaJbHBIX JaHHBIX
cTpouTca perpeccusa Ha 4 dummy-epeMeHHBIe, KAKIAaA M3 KOTOPLIX paBHa 1 B coOT-

1) ToarororseHo npu conerictBuu HanmonaswHoro ¢onnma mnomrorosku Kampos (HDPIIK) B
pamkax nporpamMmbl «CoBepllleHCTBOBaHME IIpelloflaBaHUA COIMAJbHO-JKOHOMMYECKUX IUCIIMII-
JIMH B By3aX».

Rantopoeua I'T. — nmpodpeccop, K. pus.-mat. H., npoperrop I'Y—BIIIO, 3aB. Kacenpoil MaTeMa-
TUYECKOV SKOHOMUKM M BKOHOMETPUKM.
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BeTCTBYIOIeM KBapTaJte 1 () — B ocTadbHBIX (He 3abyzeM, UTO cBODOAHLIN HJIEH B 3TOM
cJydae B perpeccuio He BrOYaeTcs). OCTATKY 3TOM perpeccuu 1 ABJAIOTCA TaHHBIMU
€ yCTpaHEeHHOI Ce30HHOCTBIO. OTOT METOJ NpeAIoJaraeT «¥KecTKYH» Ce30HHOCTL ¢ He-
U3MeHHOI BeJIMUMHON BJIMAHMA KaYKIOTO KBapTaja B OTAeNbHOCTH. [IyiA MecAYHBIX OaH-
HBIX perpeccus crpoutrces Ha 12 dummy-TiepeMeHHBIX, [JIA IIOJIYTOJOBBIX — Ha 2 dummy-
IepeMeHHbIe. VIHora paccMaTpMBalOT BpeMeHHBIE OTPe3KM AJMHON B deThipe HeHeJH,
TOTZIa B TedeHNe Iojla HaCUMTLIBAETCA 13 IIPOMEKYTKOB M, COOTBETCTBEHHO, 13 dummy-
IlepeMeHHBIX. B masnbHeliem OymeM HasbIBaTH TaKoOM IIOAXOZ IeTepPMUHNMPOBAHHOM
CEe30HHOCTBIO.

IIpenmnosnoserHne o «KeCTKOI» CE30HHOCTM ABJAETCA CJAMIIKOM OTpPaHMYUTeJb-
HBIM, IIO3TOMY OUIMaJbHAA CTATHCTMKA IIPUMEHAeT Dojee CJIOMKHBIE METOMBl yCTpa-
HeHmsa cesoHHOcTH. IIIMpokoe pacnpocTpaHeHMe MMOJIy4dmMIa IporpamMma X-11, paspabo-
TaHHaA B AMepuranckoM 6topo 11eH30B (US Census Bureau), n ee pganbHelime pasBu-
A, PaspaboTanbl ¥ IPpUMEHSAIOTCA Ha NIPaKTuKe ¥ apyrue Mertonsl. Ha puc. 11.1 mpu-
BeJleHBI opuIMaJbHEIE e)KeMecHdHble nanHble I'ockoMcraTa PP o guHamMuKe MHAEKca
IIPOMEBIIILJIEHHOT0 ITpoKu3BojcTBa B Pocenu B niepuog ¢ saBapa 1990 r. mo anpesns 1999 r.
Ilo 1 TIocJe ycTpaHeHus cezonHocTy [1]. Ha rpaduke xopolio BMAHO, UTO CE30HHOCTL B
HTOM cJIydae HaJIOOKeHa Ha TPeH[, T.e. JaHHbIEe JeMOHCTPUPYIOT OFHOBPEMEHHO M LMK-
JudecKoe IoBeJleHMe, M TeHAeHIMIO K CHUYKeHNIO YPOBHA.
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Ce30HHag cocT aBrndalada yctpaHeHa

—— Ce30HHaga cocTaBndllad He yCcTpaHeHa

Puc. 11.1. InraMnra MHAEKCA [IPOMBIIIJIEHHOTO IIPOMU3BoJcTBa B Pocenu
c aaBapsa 1990 r. no ampess 1999 r, %

PaccmoTpennble 10 cux Iop MOAENM BPeMEHHON CTPYKTYPEBI pAfa He IIpefHa3HA-
YaJch JJIA OIMCaHUA MMEHHO TaKoro HoBefeHMA MEl cTponsm aBToperpeccuoHHble MO-
JleJi, Korjia TeKylllee 3HaUYeHMe pAaa ObLIO CBA3AHO C HECKOJBKMMM IIPENBIIYIIIMM 3Ha-
dJeHUAMM. B NpuHIMIIE, IMKIMYecKoe IToBefleHMe MOYKHO IONBITATLCA ONMcaTh B Tep-
MyHax Mopeseii ARMA, HaJIOXKMB HEKOTOpLIE OTPaHNYEHMA Ha KO3(P(PUIIMEHTBl MO-
Jem. Hanpumep, ecsn uccilefyeMble AaHHBIe ABJIAIOTCA KBaPTaJBLHBIMM, CE30HHOCTD 03-
HavaeT, YTO JaHHble ] KBapTaja TeKyIlero rofa cujbHee CBA3aHBI ¢ JaHHBIMK 1 KBap-
TaJa IpedblAyIIero rofa, deM ¢ AaHHBIMM IpeAbIAyllero KBapTasa. PasymMHo paccMarT-
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puBaTE MOZeJb, B KOTOPOI ABHO IPUCYTCTBYET CBA3b TOJNLKO C JAHHBLIMM OJHOMMEH-
HOTO KBapTaJa IIpeAbIAYIero rofa, T.e. MOJeNdb Buaa: X, =@X,_4,+& . A I MeCAIHBIX

[IAHHBIX pasyMHoli GymeT momens X, =¥ x, |, +¢&,. Vcnonesys omeparop casura, mo-
Ny
aydaeM anA KBapradbHBIX masEbX! (1—@L7)X, =&, a nna MecAuYHBIX JAHHBIX

(1—§0L12)xt =&, . BunHo, 4To ce30HHOCTE — 9TO cllelmaJsbHbIN caydait ARMA. Ilo Haert
Tepmuuosoruy 370 ARMA(4,0) nom AR(4). Ho y Hero nmpomeskyToO4YHBIE KO3(DUITIEH-
TBI PaBHBI HYJIO.

Yro Gymer, eci B MOEJM € KBAPTaJbHBIMU JaHHBIMKU (@ =1? Mogess npuuu-

MaeT BUL xt = xt74 +8t' O‘-IeBI/I,Z[HO, XapaKTepUCTUIEeCKOe YypaBHEHME MMeeT €OVHMUY-

HbIT KopeHb. Mogess mpuBoguTesa K Bumy (1 —L4)xt =¢g,. §l nymarw, BLI ITIOMHUTE, 9TO

(1-L*) packnameiBaeTcs Ha 4 comHouTeNsA, M L=1 ABnsaercs kKopHem. Tpy ocTaJbHBIX
KOPHA XapaKTepMUCTUHUECKOro YypaBHEHMA pPaBHBI COOTBETCTBeHHO —1 u +i, rme

i =~+/—1. Bce ueTripe KopHs 110 MoAysio paBHBI 1. [OBOPAT, YTO ypaBHEHME COTEPIKUT
€IMHWYHBI KOPeHb B OOLIYHOM CMBICJIE M, KPOMe TOTO, TPYM CE30HHBLIX €IMHUYHBIX KO-

Hs [11]. AHAJOrMYHO JJisi MeCSYHBIX AaHubiX: ecau ¥ =1, To Mopmess mpuHuUMaeT BUJ
12 .

(l—L )xt = ¢&,. PasymeeTcs, 3meck ToMe eCTb eIMHMYHLIT KOpPeHb B OOBIYHOM CMBIC-

Je, T.e. M 3TOT pAf oTHocuTcsa K Tumy DS.

o . . 4
Mogens, B KOTOPOJ MMeeTcA TaKoil 4eTKO BbIpaskeHHbIT comHoskmurens (1— L")

(1 —goLlZ) NIPUHATO Ha3BIBATBH ce30HHoU agmopezpeccuel (SAR). AHaJIOTMYIHO MOSK-

HO pPacCMOTpPEeTh CE30HHYIO CXEMY IJIA CKOJILBALIEro CPeJHEro, T.e. PAcCMOTPeTh Mo-
menk Tuna SMA, KoTopasd o3HadaeT, YTO B IIPABYIO YacThb OyZeT Zo0aBJIEHO cJaraeMoe

IB&‘H‘. OTa Mogesb MpencTaBideT coboil clelmaJbHBIE Bup obbraHoro MA(4) wim

MA(12) ¢ HyJeBBIMM IIPOMEKYTOUHBIMM Koadduimentamy. OOIIad MOAeNb, OINMUCHI-
BamIIlad Ce30HHOCTE B nogxone Bokca—J»keHknHca, HoeuT HasBaHue SARIMA.
Paszpaborana npumepHo Takasg ke TeOPUA U IPAKTUKA HAXOMKIEHMUA €IVHUYHBIX
CEe30HHBIX KOpHeN, KaK 9To cheJaHO AJA OOLIYHBIX eAMHMUYHBIX KopHeil. Ecoam TS u DS
IIpolieccbl MBI Has3BIBAJIM TaKMKe IIpolleccaMM ¢ JeTepPMMHMPOBAHHBIM M CTOXacCTUUe-
CKMM TPEH[IOM COOTBETCTBEHHO, TO MJIA OIIMCAHUA CE30HHOCTM yHoTpebsigeTca aHaJo-
TMYHasA TepMMHOJOIUA Ecmm @ =1, To IpUCyTcTByeT cmoxacmuueckas CesoOHHOCD.

Ecan E('?' <1, TO IPUCYTCTBYET OemePMUHUPOEAHHASL CE30HHOCTD.
asyMeeTcd, B OFHOM MOAEeNM MOXKHO 0e3 OOJIBIIOro TPYZa codeTaTh M CE30HHYIO
cocTaByAwlyo, u obbraayio ARMA cxemy. Hampumep, paccMoTpuM Moesb THUITA

SARIMA: (1 -r )B(L)x, =¢,, tme B(L)=(1- fl) (maa ymporeHus samicy B MOJeJb
He BKmoYena MA wacts). [ocre packprrmis ckobox momysaem: (1— L' — AL+ BL)x, = ¢,

wm X, = ﬂxH +Xx,, —ﬂxH +¢&,. To ecTh McxongHasa Mofesb npuBoauTca K AR(5), HO

C HEKOTOPBIMM JAOIIOJHUTEJBHLIMU OTPaHWYEHMAMN Ha Ko3(puimenTs.. OHM BbIpaska-
I0TCA B TOM, UYTO BTOPOM M TpeTuii Koa3ppUIMEHTEl PaBHEI HYJO, M B TOM, YTO KO-
(PUITMEHTEI [IePBOTO M IIATOTO CJaraeMbIX B CyMMe PaBHBI HYJIO, T.€. MMEIOT IIPOTUBO-
IIOJIO}KHBIe BHaKW. JpyruMy cjioBaMM, 3TO HEKMII 9acTHBI cuydait obimero AR(5). Ilpn
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OLIeHMBAHMUM MOJEJM IJI HAac BayKHO, YTO MBI Y)Ke 3HAEeM 3TM COOTHOIICHUS MEMXIY
Koa(ppuImerTaMy 1 OyieM OLleHMBATHL MMEHHO TAaKYIO MOJeJb, a He oOIIly0, B KOTOPOJ
y Hac OyAyT JMIIHME IlepeMeHHbIe M IIOHMBUTCH TOYHOCTE OLIEHKM HaImX Kodddmim-

€HTOB. Ty MoZeJb puHATo 00603Ha9aTh SAR(4)XAR(1).

Econometric Views nosBoJjsieT JIETKO CTPOUTL TaKue MOMeJNM, Bbl IIPOCTO YKa3bI-
BaeTe, 4TO BaM Hano no6aBuTh B Mogmesb SAR miam SMA cOOTBETCTBYIOIIETO IIOPANKA.
CrenyeT OTMETUTB, YUTO IIPM 3aJaHMM IIOPAAKA CE30HHOCTM HYKHO YUMTBIBATEH, KaK
omMcaHa CTPYKTypa OaHHBIX B Oase EViews. Ecsm paHHBIe OomMcaHBl KaK HeperyJAap-
HBle, TO IIOPAZOK CE30HHOCTM 3aflaeTcd UMCJIOM 4, a ecsM BBl MX yiKe OIMCAJTM Kak
KBapTaJbHBIe, TO MOKHO 3a7aThk SAR(1).

Ilonyuaercs, 9To ecam B JaHHBIX IPUCYTCTBYET CE30HHOCTE, HEJL3A 0DOMTHCH
Mmomenbio ARMA Huskoro mopsagka. JlolmycTuM, y Bac ecThk eKeMecAdHBle NaHHBIe 3a 4
nmm 5 jer. Hanmume ce30HHOCTM O3HAYAET, YTO MMeeTCH 3HAYMMAafA CTATUCTMYECKad
3aBJCHMOCTE OT COOTBETCTBYIOILIETO MecAlla IIpeAbIayIlero roja. Bel MoikeTe cpasy Io-
CTPOUTHL MOJleJib HopAnKa, ckaxeM, 15, T.e. AR(15), o AR(15) npuBener K yTparte 15
IIePBBIX TOYEK IJIA IOCTPoeHMs Mopesu. KosdduiimeHToB onpeesaeTcs 09eHbL MHOTO,
OIIACHOCTL MYJBTUKOJIIMHEAPHOCTM BospacTaeT. IIpy ABHOM MCIIOJIB30BAHUM CXEMBI
SAR BO3HMKaeT Apyras CUTyalludA, B MOJEJM OCTaeTcA TOJbKO 4 Koaddpuimenta. Ko-
HeYHO, HEKOTOPOe HUMCJIO HabJIofeHnii Bce paBHO OyzeT noTepsaHo. Ho umcio xoaddm-
LIMEHTOB ropasio MeHBIIle, YMCJIO CTelleHell cBOOOABI CYIIleCTBEHHO 0OJbIlle, BHAYUT, TOU-
HOCTL MX OIleHMBaHMA Bo3pacTaeT. KpoMe TOro, yMeHBIIIAeTCH OIIACHOCTL MYJIBTHKOJI-
JIMHEaPHOCTH.

Ecam yder cesonHOCTM B TepMmHax nopxona Boxca—JiKeHKMHCA HaXOAUT IIMPO-
Koe IIPVMeHEHNEe Ha NIPAaKTUKe, TO MICCIe0BaHNe eIMHNYHBIX CE30HHBIX KOPHE He CTOJIb
norrysiapHo. Cpeny paboT IIo 3TOM TeMaTHKe, KpOMe ysKe OTMeHeHHOI cTaTby XuJe-
Oepra u ApyrMx, CTOMT OTMeTUTL MoHorpaduioo Ppanceca [5].

ABTOpErpeccuoHHBIC MOAEJN ¢ paclIpeaeJeHHBIMU JIATaMU

o cux mop MBI paccMaTPUBAJM TOJBKO OAMH CIydaiHbi mporece X ,. Ml mc-

CJIeIOBAJIM €ro Ha CTAallMOHAPHOCTL, CTPOMUJIIM MOJIesM IIpoliecca, IIPOTHO3MpoBaIy Oy ny-
e 3HaYeHMsA IIpollecca. OOHAKO IIPY M3YUEHMM HKOHOMMUECKUX ABJEHMI HambOJb-
M MHTEepec IpeACcTaBJIdAeT B3aMMOBaBMUCHMOCTE PKOHOMMYECKMX BesuunH. Terylree
BHaYEHME SKOHOMMUYECKON BeJMUMHBI OyAeT 3aBMCeTh He TOJBKO OT €€ IIPeIbIAYIIINX
BHAYEHMI], HO ¥ OT TEKYIIErO U MPEeLIAYINNX 3HAUYEHUN APYTUX SKOHOMMYECKUX BeJN-
umH. IpyruMm cjoBamu, cpenm perpeccopoB OyAyT JiaroBble BHa4UeHUA KaK O0BLACHAe-
MOJ, Tak M O0BLACHAIOIMX BeauuyH. TaKkue Mozesy IPUHATO HAa3LIBATH aBTOPETrpPeccy-
OHHBIMM MOJZIeJIAMM C paclipefesIeHHBIMM Jiaramy, nmo-anrymiicku — ADL (auturegres-
sive distributed lag) models. Ipyroe nasBanme Takux mopesneii — ARMAX nanommuHa-

eT 06 ux cxomcrse ¢ Mogmenavu ARIMA. Perpeccop X, xak Obl 3aMeHseT coboii Ge-
gt mmrym B Momesn ARIMA. Jlna coydasd TOJIBKO OfHOINM OOBACHAIOIIEN SKOHOMMYe-
CKOJl BeqMuyMHBI OOIIMIE BUZ MoOZeJiell paccMaTpUBAEMOro TUIIA!

Y, =0+ Y +a,Y ,+. . +a Y  +B.X +[X  +BX +. +BX,  +e,1=12.T.

Ciy4aiiHoe BOSMYIIIEHNE TIO-TIPEKHEMY TI0JaraeTca GesbM 1rymoM. Vcrmosbsys omepa-
TOpHBIe MoJvHOMBL, monywm o, (L)Y, =0+ B (L)X, +¢&,. B ormmame or mogmesn



502 SKOHOMMWYECKNI JXYPHAJ BIID Ne 4

ARIMA Mp! oTKasbIBaeMcA OT HopMupyoltero yeiaosua [, =1. Mer 6ygem ucrosnsso-

BaTk obosHauenusa ADIL(p,q) 1 ARMAX(p,q), 4ToOBI yKasaTh KOJMYECTBO JIATOB Hesa-
BMCHMOJ ¥ 3aBUCUMOM IT€peMeHHBIX.

Econ IIporecc Xt ABJIFAETCA CTalMOHAPHBIM B IIIMPOKOM CMEICJE, TO, UCIIOJb3YyHA

€ro pasJoiieHne II0 Teopeme Bom:,ua, MBI IIOJIyHYaeM IIpencTaBJIeHMEe IIpoijecca Yt B

Buzie Momemi ARMA(p,), ¥ CTallMoHAPHOCTDL IIpollecca Y, IOJHOCTBIO oIpejienAeTcs

aBTOPErPECCHOHHOM YacTbio MCXoqHol) Momemn. JluiA HecTalMOHapHOro perpeccopa X,

npotece Y, sABiAeTcs, Boolllle roBopsA, TaKKe HECTAIPOHAPHBIM. OTIEJBHOTO PacCMOr-

peHnsA 3aciIysKMBaeT TOJLKO cJydalf, Korja XapaKTepucTudecKye ypaBHeHMA o00MX ID-

JMHOMOB &, (L) n p . (L) mmeror opMHAKOBBIE KOPHM, 10 MOAYJIO GOJbIINIE eIMHULIBL
Haunem paccMoTpeHMe ¢ CUTyalluy, KOTJla perpeccop cCTalloHADPeH, M IOJMHOM

a, (L) He mMmeer KOpHeli BHe MM Ha eIVHMUYHON OKPY/KHOCTU. B 9TOM cilydae MOYKHO

. _ -1 -1 -1
nepemucaTs Mofiens B Buse: ¥, =« (L) t9+otp (L) ,Bq (X, ta, (L) ' g,, re. cra-
moHapHas ADL Momesb IIpeficTaBuMa B Bue MOJeNM ¢ paclpefeseHHBIMM JaraMiu

Ges aBTOpeI‘peCCI/IOHHOﬁ 4acTu. ITOo O3HadaeT, 4YTOo TeKYyllee 3Ha4YeHMEe BeJIMYMHBI Yt

3aBMCUT OT TEKYIIEro M BCeX IIPEeAInecCTBOBABIINX 3HaYEeHUI BeJUYMHBI Xt MJINM 49TO
TeKyllee 3Ha4YeHUe Xt BJIMAET Ha TeKYIee M BCe IIOCJeNYIoLe 3HAYEeHUSA BeJIMYMHEBL

Yt' prI‘I/IMI/I CJIoOBaMM, TeRYIlllee 3Ha4YCHME BeJIMYMHEBL Yt IIpencraBsJsaeTcAa B BUe CyM-

MbI OVMHAMMW4YECKMX OTKJIMKOB Ha M3MEHEeHMSA BeJIMYMHLBI Xt' ROB(b(bMHMeHT BJIMAHNA

Y,
o t+k
Tk npencraBJsaeT coboit YacCTHYIO IIPOM3BOOJHYHD ———,

oX

KOTOPYIO MOMKHO BEIPpaA3UTh KaK 3HaAYEHNE HpOI/ISBOI[HOﬁ OT OII€EPATOPHOTO BBIPAMKEHMA:

d* ( B, (L)

— | —— | mpH L=0.
dr¥ \ e, (L)

sHaveHna X, Ha BemnumHy Y,

IIpu yBemmuenmm mapamerpa k mmogydaeM IIOC/IeLOBATEJILHO MTHOBEHHBIM, KpPaTKO-
CPOYHBIN, CPeHECPOYHBIN M IOJITOCPOYHBIN OTKIMKY. I MaKpPOSKOHOMUYECKX Y MO-
HeTapHBIX MojleJeli, BBIPasKeHHBIX B YPOBHAX BeJIMYMH, 5T OTKJIMKM IIPMHATO HAaBBI-
BaTh COOTBETCTBYIOIIMMY MYJLTUILIMKATOPAMY, & AJIA MoJeJiell, BbIpaskeHHbIX B JIOTa-
pudmax BesmunH, — dnacTuygHocTAMy. Hampumep, naa momemu ADIL(1,1) oTKJIMKEM BBI-
pasKaTca depes KoaUIIMEHThl MOJIeN CIeYIOIMM 00pasoM:

2
By, By +a By, B+ B, nra

IIOJII‘OCpO‘-IHI:Iﬁ OTHJIMK OIlpefejdaeTCcaA KaK CyMMa BCeX IIPOMEeKYTOYHBIX OTKJIMKOB.
MCHOJH:SyH CTallMOHaPHOCTE IIPOILIECCOB Xt nir,, ,I[OJII‘OCpO‘-IHI:IIZ OTKJIMK MOYKHO Hali-

TH, IIPOCTO B3sfAB MaTeMaTHMUYECKMEe OXNIOAHUA OT obenx uyacTeli cooTHollleHMs. B pe-
3yJarTare IoJy4daeM ypaBHeEHME CTaTUMYECKOTO MJIM OOJITOCPOYHOTO PaBHOBECHUA.
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A
a,) oa,d)

rage depes Y u X obozragensl PaBHOBeCHBIE 3HAYEHMSA COOTBETCTBYIOIIMX BEJIMYIMH.

Y =

s ynobeTBa aHamMsa JOJITOCPOYHOTO M KPATKOCPOYHOTO II0OBEICHUA JMHAMMIYe-
CKOTO COOTHOIIIeHUsA, BblpaskeHHoro ADL Mozessio, ynoOHO IIpoBecTH IepernapaMeTpy-

sampno Mogesu. Haunem ¢ momesn ADI(1,1): ¥, =0+a,Y, | + B, X, + B, X, | +¢,. 3a-

menns Y, Ha Y, |

+AY,,n X, va X, | +AX,, nomydaem:
AYI :0+IBOAXI _(l_al)Yt—l +(IBO +:Bl)Xt—1 té,.

IleperpynmmpoBKa 4JIeHOB faeT:

0 _IBO+IBIX +g
t-1

AYI :IBOAXI_(I_al) Yt—l _1
-a, l-o

+

9rto npencrasaenne ADL mozmenm HasbiBaeTca M00easto Koppexyuu owubramu (error
correction model), coxpamernso — ECM?2). CMmblcn Mofenu ¥ HasBaHMSA CTaHOBUTCS
fAceH, ecsm oOpaTUTL BHUMAaHNeE, YTO BhIpasKeHMe B KBaJAPaTHBIX CKOOKax MOKeT TpaK-
TOBaTbCsA KaK OTKJOHEHMe OT [AOJITOCPOYHOTO paBHOBecHs B MOMeHT BpeMeHu t-1. B
caMoM jfeJie, JOJITOCPOYHOe paBHOBeCHE oOIIpejieJigseTcA COOTHOIIIeHeM

0 _,Bo +131 }
l-a, 1-0a

Y- =0,

II03TOMY BBhIpaskeHKe B KBaJPAaTHBIX CKOOKAaX IIOJIOXKUTEJBHO, ecay 3HadeHne Y, | mpe-
BBIIIIAET PaBHOBECHOe 3HadeHMe, cooTBeTcTBylomee X, . Takum obpasom, TeKyIree
(xpaTroCpOYHOE) M3MeHeHMe [ IIpeACTaBJIEHO B BUAe CYMMBI ABYX cJjaraeMmblx. IlepBoe

M3 HMX — 9TO MTHOBEHHEI] OTKJIMK Ha TeKyllee (KpaTKocpodHoe) maMeHenme X , a

BTOpOe — IIOIIPpaBKa Ha MMEBIIIee MeCTO B Hpe,um,uyu_u/lﬁ MOMEHT OTHKJIOHEHME OT OOJIrO-

CPOYHOTO paBHOBecHs. IIpy 3TOM, IOCKOJBKY JJIS CTAIlMOHAPHOCTH IIpollecca Y, Heob-

XOIVIMO BBIIIOJIHEHVE YCJOBUA ‘0{1‘ <1, xoapdpunmenT npm HeBASKe OTPULIATEJBHBIN.

310 Oo3HavdaeT, 4YTO BTOpOe cJjaraeMoe «IIoATATMBaeT» IIpoIjecc Yt K OOJITOCPOYHOMY

cooTHoleHmo ¢ nporeccom X ,. Taxum o6pasoM, Mojesns KOPPEKIMM OIIMOKaMM II0-

3BoJIAeT yno0HO O0BEeAVHUTL B PaMKaxX OJHOM MOJeJNM KPAaTKOCPOUHYIO M JOJITOCPOU-
HYIO JUHAMUKY, a €€ KO3(P(UIMEHTHl MMEIOT COLePIKATENLHYI0 SKOHOMMYECKYI0 MH-
TeprnpeTanuio.

B obmiem ciyuae momesm ADL(p,q) MBI TOJYKHBEI 3aMEHUTH 3HAUEHNS IIPOIIECCOB

Y

;s " Xt B pa3JiM4uHble MOMEHTEI BPpEMEHN Ha MX 3HaY€HMS B MOMEHT t—1 u oTKJIOHe-

%) Bneprrnle BBenieHa B [14].
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mnsa, wanpumep Y, , =Y, —AY,, Y, =Y, —AY, —AY, ,. B pesynbrare momydaem
ECM npencrabieHne:

AY, = B,AX pfo‘ AY, qf AX ) Y 6 A0
= + . .+ . = _ +£,.
t 0 t = i t—i = 7/1 t—i ? t-1 Olp (l) Olp (1) t-1 t

Brrpasxenme B KBaJpaTHBIX CKOOKaxX IIO-IIPEKHEMY IIPEACTABJIAET KOPPEKTUPYIOLINIA
4JIeH, «IIOAIPaBJIAIOIINI» JaroByK CTPYKTYPY OTKJOHEHMAMM OT IOJTOCPOYHOTO paB-
HOBeCcUA Ha IIPefbLIAYINleM Iare. OTO XOPOIIO BUIHO IIOCJe 3aMeHBl HYJAMM BCEX OT-
KJIOHEHWI, YTO COOTBETCTBYET PaBHOBECHOMY COCTOAHMIO. BasKHO TakKe OTMETUTH, UTO

KOoB((PUIMEHTEI O, U ¥, , TaK:Ke KaK M oCTaJbHble Koadduiments: ECM mpezcTaie-

HUHA, JIMHEHO BBIPasKaloTcA depesd KoadduimenTs! ucxonuoi ADL momesm, mpudeMm
3TO IpeobpasoBaHye HEBLIPOKIECHO.

Haubomnee obimaa ADL mozesb monydaeTcd B clIydae, KOrga UMeeTca K pasmmd-
HBIX SKOHOMMYECKMX [IMCIMIIMH B KadecTBe perpeccopoB. Bynem obosHadaTe ee
ADL(p,q1,93,-,dx), & 00lllee ypaBHeHUe IPUHMUMAET BUL!

a, (L)Y, :6?+,Bq1 (X, +,qu ()X, +...+,qu X, +e,.

IIpeobpaszoBarme K Momesmy KOPpeKIMy olMOKaMy IIPOBOAUTCA B 3TOM CJydae TOYHO
TaKsKe, KaK 1 paHee, HO BEIpaskeHye B 00IleM CJydae CTAHOBUTCH BeCHMA I'DOMOBIIKIIM.

OrenuBanne 1 guargoctura ADL momenert 6amsknu K momeasaMm ARIMA. ITockogs-
Ky B MOZEJ OTCYTCTBYET JIAroBad CTPYKTYpPa CJIydaliHOrO BOBMYILEHUS, OCHOBHBIM Me-
TOZIOM OLIeHVBaHUA ABJIAETCA MeTOJ HauMeHBIMX KBazpaToB. Mbl 3HaeM, 9TO IIPK OT-
CYTCTBUM KOPPEeJALMY CIyHallHbIX perpeccopoB 1 ciydaiinoro Bosmylueana MHRK naer
cocToATeJIbHBIE OLleHKN. PasyMmeeTcs, mepes olleHMBaHMEM MOZeNN HYKHO yOeauThes,
YTO BCe IIepeMeHHBIe ABJIAITCA CTAIMOHAPHBIMIL

Y Hac ecThb gaBe BosMoskHocTH. llepBas: ouneruTt ADL mopesnb, a 3aTeM Iepe-
CUNTAThL MapaMeTpsl M WX cTaHZapTHble ommmoOky naa ECM npexacraBienmns Bropas:
orteENTEL napameTpsl ECM mopesnn HenocpezcTBeHHO. IJoCKOJBKY, KaK yiKke YIIOMMHA-
Jock paHee, KoappuimenTel ADL 1 ECM mozeseli cBA3aHBl HEBLIPOMKIEHHBIM JIMHET-
HBIM IIpeobpasoBaHMeM, MOKHO JOKA3aThk, 4TO 00a IIyTH JAlOT MAEHTUYHBIE PesyJbTa-
TeL. IT03TOMY, BLIGOD IIpeACTaBJIEHNA MOAEJN OIIpeieiAeTCA CoflepiKaTeJIbHOI 3aiadeli
MCCJIeIOBAHNSA, a He 0COOEHHOCTAMN IIPOLIEIYPEI OLI€HUBAHMSA.

OnpeneseHne 4ucsa JIaroB AJsA [ePeMEHHBIX, BXOIAIINX B MOAEIE, HEM30eKHO COo-
IIPOBOMKIAETCSA TIOCTPOEHMEM PsAfa Mojesell u BeIGopoM Hamuydreil ns Hux. OOIRIpu-
HATOI cTpaTerueil BbIOOpa MOAeJ B HACTOsAIlee BpPeMs ABJIAETCA IIOAXOHA OT oOLIero K
gacTHOMY (from general to simple), mpeanosxenHbnl 1 pasBuThI daBumom XeHnpu 1 ero
coaBTopaMy [8]. B cooTBeTCTBMM € 3TMM ITOZIXO/IOM MBI HauMHAEM IIOCTPOEHME ¢ Hambosee
o01IIIelt MoZleNI KaK 110 Habopy O0BACHAIIINX IIePEMEHHBIX, TaK M 10 KOJMYEeCTBY BKJEO-
YeHHBIX JIaroB. IlocTpoeHHas METOZIOM HaVMEHBIIMX KBaJpaToB MOJeJNb IIOABEPTaeTcsa pas-
JIMYHBIM TECTaM: Ha aBTOKOPPEJIALMIO OCTATKOB, HOPMAJBLHOCTE, TeTE€POCKEIACTUIHOCTE 1
T.1. Ecom Moziess IpoxXoauT Bce OMAarHoCTHHYeCcKye TeCThl, Ha CJeAYIOIIEM Ilare Mcciemy-
€TCH BOBMOYKHOCTL HAJIOYKEHUA PaBJIMYHBIX OrpaHMYeHMit Ha ee ko3adppuimenTsl Tarkmmm
OTPaHMYIEHNAMY MOTYT OBITH MCKJIIOUEHNE M3 MOJENM OTAEJBHBIX IlepeMEHHBIX MJII JIATOB,
PaBEHCTBO HEKOTOPLIX K03(DPUITMEHTOB MeXAYy coboit 1 T.II. OOBIMHO IIpoBepsaeMble OTa-
HUYEHUA TIOPOMKIAIOTCA KAaK COJlepiKaTeIbHBEIMY TeOPETUYECKMMM COO0PaskeHUAMM, TaK U
YMCJIEHHBIMY 3HAYEHMAMMU OLIEHOK KOd(p(PUIIMEHTOB.
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Jdexmusa 12

IIpu onenmBanmm ADL mopeseli cylllecTByeT ellle OfHA OCOOEHHOCTH, KOTOPYIO
cJefyeT MMeTh B BUAY. BrpotdeMm, oHa IpMUCYTCTBYeT IIPM OLIEHMBaHMUM JIFOOON Mopaesm
CO CTOXacTHYeCKMMM perpeccopaMy, HO B Kypce SKOHOMETPMKM MBI OCTaBJIAJM €€ 3a
paMKaMm paccMoTpeHusa. PaccmaTpuBas HECKOJBKO CIyUalHBIX BEJWUMH (MJIIM IIPOIieC-
COB) OOHOBPEMEHHO, MBI BCET/la HEABHO IIPEATIONaraeM CyIIlecTBOBaHME X COBMECTHOTO
pacupenenenns. s yIpoIlieHUA BBIKJIAOK M, HE TePsAd OOIITHOCTH, OTPaHMYIMMCH BY-

M npoueccamu: Y L n X .- Ilycrs, Hanpumep, Mel ctpoum ADL mozess mportecca Y , oT

onHoit obbacHmomelt mepemennoit X,. CoBMecTHasm TILIOTHOCTL pacIpeiesleHNs
f(r X :)’ €cJIMI OHAa CYIIeCTBYET, MOYKET OBITh IIpE/CTaBJIeHa B BUE IIPOMBBEINEHNA

fr,,X,) Zf(Yt‘Xt)f(Xt) yCJoBHOM mioTHoeTyt Y, mpy yenoBuy X, M OZHOMEPHOM

t
miotHocTH Tipoitecca X . Taxoe pasyoeHMe HasblBaeTCA (paKTopU3alMell COBMeCT-

HOTO paclipe/ieJIeHI .
B To e Bpemsa, TeopeTmdeckas perpeccus IIpesicTaBIAeT coboll yCJIOBHOE Ma-

TeMaTHdeckoe oxupanue [F(Y, ‘X )= IYI f(, }Xt )dY,, #ns BBIYMCIIEHMA KOTOPOTO MC-

MIOJIL3YEeTCA TOJIBKO YCJIOBHOE pacrpenesnenne. DaKTUUeCKN AJA BBIUMCJIEHUA perpec-
CUM He UCIIOJb3yeTCcA YacTh MHMOPMAINY, CONEPIKalIlasAca B COBMECTHOM pacIipezesie-
Hun. Bompoc o ToM, B KaKoil CTelleHM Takoll HENOJHBIM yueT MH(pOpMAalMy BJIMAET HAa
OlleHMBaHME perpeccuy, IIPeJCTaBIAeT OUeHb MHTEPECHBIN ¥ Ba'KHBIM acCIeKT coBpe-
MEHHOTO KOHOMETPUIECKOTO MCCJIIEIOBAHNSA.

Paccmorpum zBa corydaifHbIX IIpoliecca y, M X,, OIpefessieMble CJIeAYHOLIel Mo-

t’
JleJIbI0, B KOTOPOM [JIA YIPOILIEHMA BalMiCy MaTeMaTUdecKye OMKMIAHWUSA II0JI0KEHBI
PaBHBIMM HYJIO!

yl = laxl + 811

X, =00X T, T &y
Ilycrs BoaMyllleHMA 00pasyOT IBYMEePHBI HOPMAJbHLI CIyYaiiHbli Ipolece & , Kas-
Ias KOMIIOHEHTa KOTOPOTO He MMEET aBTOKOPPeJAlnii (T.e. sSiBJseTcs OeJIbIM IITyMOM),

HO KOppeJAanusa MeXOy OOHOBPEMEHHBIMNM 3HaYeHUAMNU BOSMyU_IeHI/H?,I, BOO6LLI€ TOBOPA,
MOKeT OBITE HeHyJIeBOIZ. 310 O3Ha4daeT, 9TOo

O Oy O,
, pL=—F
012 022 A 011022

IIByMepHoe paciipeneJsienne xt " yt IIOJIHOCTEIO OIlpeneidaeTcs CBOJMCTBAMI BEK-

E(&)= 8 ,  cov(&) =

Topa g, HO Yy Hac HeT HYMKIbI BBIIIMCEBEIBATH paclipeneJieHre B ABHOM BIIE. SaMeTI/IM,
YTO IIPOIECCHI xt " yt OUY€eBUOHO aBTOKOPpPEJIMPOBAHEBL HepBoe M3 COOTHOIIIEHUIN AB-

JIAeTCsA ypaBHEHMEM perpeccmuy, M BOIIPOC COCTOUT B TOM, B KaKol CcTelleHM MOYKHO
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OLleHMBAaTh 3Ty 3aBUCHMMOCTH yl oT xt, He IIpMHMUMAasa BO BHMMAaHME BTOpPOE U3 COOTHO-

wennii. B panee mpumensBumixcs TepMuHax [10] Bompoc sBydas Tak! sIBISIETCS JIM X,

SK30TeHHBIM (exogenous) IJiA ypaBHeHUA perpeccunu? B cooTBeTCTBUM JKe ¢ COBpEeMeH-
HBIMM IIPEeJICTABJEHMAMM [4] 3TOT BOIPOC HENOCTATOYHO KOHKPETeH: CcJenyeT 3apaHee
onpenesnTh CIIocod MCIIOJIHL30BAHUA Mojesn. B 3KOHOMeTpUKe MBI yiKe BCTPedasich C
cuTyalmelf, Korja BbIOOp, HalpuMep, HAWJIYUINE) MoJAesM 3aBUCeJ OT TOT0, KAK MEI
cobupaemea ee MCIIONH30BaTh. MbI pasanyajy, B OCHOBHOM, OBa TUIIA MCIIOJL30BaHMUSA!
a) A 1eJeli MPOTHO3MPOBAHMA M 0) AJA M3y4YeHMA MeXaHM3Ma MOZesM, KOorja Hac
MHTepPeCcoBaJIM YMCJIeHHBIE OLIEHKM BCeX MJIM HECKOJLKNUX MapaMeTpoB. B cooTBeTcTBUM
¢ [4] 6ymeM passmuyaTh cJeYIOUE TPU LIeJIM aHaAU3a MOZeJel:

e cHeNaTk CTaTHMCTUYECKMEe BLIBOALI 00 OJHOM MM HECKOJIBKUX IapaMeTpax
Mozies (M3YUUTH MeXaHU3M MOJeJIN);

* IIpe/CcKasaTb ), IPU 3aJaHHOM X,, (YCJIOBHBIA IIPOTHO3);
e IIPOBEPUTH, ABJAETCH JM yPaBHEHME perpeccuy CTPYKTYPHO MHBAPUAHTHBIM
[Py U3MEHEHNsIX ONHOMEPHOIO PaclpenieseHnsa X,.

Caabasa sksorennocts (weak exogeneity)

ITycrs MBI paccMaTpyBaeM Perpeccuio HeKoil BeJMYMHBL ), Ha HECKOJIBKO Per-

peccopoB. O6o3HAYUNM 4Yepes () BEKTOP [apaMeTPOB COBMECTHON ILIOTHOCTM BeJNUMHEL

Y, U perpeccopos, 4epes 6, — BEKTOp IapaMeTpPOB, OT KOTOPBLIX 3aBMCUT yCJIOBHAHA

—

TIOTHOCTb BEPOATHOCTM y, TIPM 3a/laHHBIX perpeccopax, a depes ¢, — BeKTOp Tapa-

2
MeTPOB COBMECTHOJ IIJIOTHOCTM BEPOATHOCTY PErpeccoposB.

Haxoner, mycTts napaMeTphbl, OTHOCUTEJBHO KOTOPBIX MBI XOTHUM CZeJaTh CTaTHU-
CTMYeCKVe BBIBOJBI, 00pasyloT MHOYKECTEO, 3allMcaHHOe B Buje BeKTopa & . MbI cKa-
sKeM, 4To Habop perpeccopoB ABJseTcA ciabo SK30TEHHBIM JJIA TIapaMeTpPoB (& , ecJiu
CTaTMCTUYECK)e BBIBOALI 00 HTMX IapaMerpax, cIeJlaHHBIE Ha OCHOBAHWM YCJIOBHOTO
pacrpezieieHns, SKBUBAJIEHTHBI BLIBOJAM II0 COBMECTHOMY PaclpelleleHNI0 J, U per-
peccopos.

OueBUHO, YTO HEOOXOAMMBIM YCJIOBMEM He3aBUCUMOCTU CTATHCTUHUECKUX BBIBO-
JIOB OT MH(POPMAaLINY, COAEePIKalllelica B yCJIOBHOM pacllpefleleHNM PerpeccopoB, ABJIA-

eTcsd BO3MOMKHOCTE BBIPA3UTE @ B Bume (YHKIDM TapameTpos O, Te. 0{20{(6’1).

Kpome Toro, Ha KOMIIOHEHTLI BEKTOPOB IapameTpos &, m 6,

JKEeHBbI COBMECTHEIE OTrpaHMYeHMA HU B BHYO€ PaAaBE€HCTB, HM B BUJAE€ HEPABEHCTB. 3To 03-

He OOJIYKHBI OLITE HaJIO-

HadaeT, 9TO o00JacTh AO0ITYyCTUMBIX 3HaAYEeHUN ImapamMeTpoB 0

1 He 3aBMCUT OT TOro, Ka-

—

Kle 3Ha4YeHMA IIPMHMMAIOT IIapaMeTpPhl M3 MHOMKeCTBa 02,

IIO-aHTJIMIICKM BBIpaskaeTcs TepMMHOM variation-free. Ilo-pycckM MOMKHO MCIIOJB30-
BaTh IpeAJosKeHHbl 3. B. EpIIOBEIM TepMMH «CBOOOAHO-BapbUPyEMBIES.

¥ HaobopOoT. ITO CBOKCTBO
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IIponmmocTpupyem cBOMCTBO c1aboii PK30T€HHOCTM Ha IIPUMeEpe BLIIIIEIIPUBEIEH-

(o}
HOIt Mojiesn. YMHOMUB BTOPOe M3 ypaBHEeHMIt Ha ——2 U CJIOMUB MOJydeHHbIe ypaB-

O
HeHUs, IIOJIYYMM:
(el (el (el (el
_ 12 _ 12 _ 12 _ M2
Y, = (IB"‘_G )X, —o X O, Yiq — &y p &y
2 2 22 2
Brensa nna ymportenna samicu 0603HAYEHNA!
(el
_ 12
S, =pf+—2
Sy
(el
— oy 12
50 =—a
O
(el
- g 12
50 - 052 o
22
(el
_ Y
ul - 811 . 821’

TIPUXOIMM K CJefytoreit Momem: ), =0 X, +0,X, | +0,y, , +u,.
Cryuaiiueli mpomece u,, Kak JMHeNHas KOMOMHAIMA HOPMAJBHBIX IIPOLIECCOB,

O _ O _ 2
caM sBJsfeTcs HOpMasbHbIM. OdeBupHo, 49ro var(u,)=o,, ———=0,(1-p~) u

22

o
_ Y12

cov(u,.&,,) = cov(g,,,€,, ) ———cov(e
22

,,»€,,)=0 TO oOIpeleNeHNio IapameTpoB O,

012, 022 " p Taxum 06pa30M, HOpMaJbHEBIE CJHYy4YalHBI€ ITIPOLIECCHL th " 82t — He-
KOoppeJqupoBaHbI 1, cJiefoBaTeJIbHO, HE3aBUCHUMEL HOJIy‘-IeHHOe yYpaBHEeHME OJIA IIPOIec-
ca y, ABJIAeTCA JIPYTOit IapaMeTpusalyeit ypaBHenus perpecciu y, = [, +¢&,, .
Beenennble panee BeKTOPHI IapaMeTPOB KOHKPETUSHPYIOTCA IJA NAHHOTO IIPN-
Mepa CJIeYIOIIMM 00pasoM:
¢ =B, 0, ,0,,0,)
271220110 120 22

él :(50:51:52:0121)T’ éz :(0‘1:0‘2:022)T'

IIpenmnososknum, 9T0 BEKTOP ¢ COLEPIKUT TOJNBKO OZMH mapamerp [, T.e. Hac

MHTepecyeT TOJbKO Koapduiment perpeccun ), Ha X,. Ilapamerp [ Beipaaercs

"epes MapaMeTprl 3 MHOXKeCTB 6, u 6, ciemyornmm oGpasom:
o %)
pB=06,+—+=6+—=.

x4 &,



508 SKOHOMMWYECKNI JXYPHAJ BIID Ne 4

OueBuzHo, 4To [ HEBOZMOMKHO IIPELCTABUTL B BMIe (PYHKLIMM OT [IapaMeTpoB,

BXOOAIIMX TOJIBKO B MHOMXECTBO 01 . BoJiee TOro, rmapaMeTpnsl M3 MHOMKECTB 01 " 02

CBA3aHEI O4Y€BMJHBEIM COOTHOIIIEHMEM 05251 = 0515 T.e. He ABJIAKTCA CBO60,ILHO Bapbu-

22
pyembivu. BriBoz odeBuzieH: mepemeHHas (perpeccop) X, He sBJAeTCA cJabo BK3OTeH-
HOIt AniA mapamerpa 3.

Heckosnpxo mamenum MOOeJIb. HyCTB BO3MYILIIeHUA 811 n e 6y,Z[yT He3aBHUCH-

2t
mbmMu (0, =0). Torga

¢ :(ﬁ7a17a2701170127022)T

5 T3 T
6,=(p,01) , 0,=(a),00,,05) .

Tenepb ﬁ ABJIAeTCA 3JIeMeHTOM MHOMKeCTBa 0

1 1, KOHEYHO, ABJIAETCA (byHKLU/I—

— —

elt oT camoro cedsa Tawxixe O4YeBUOHO, YUTO ITapaMeTpbl MHOMKECTB 01 " 02 ABJIAIOTCA

ceobonHo BapeupyembiMu. Takum 06paszoM, B 9TOM ciydae X, fBJsAeTcA cjabo dK30-
TeHHOI IepeMeHHON na napamerpa 3.

Kar eme ogmy mMommudpmraimo paccMOTPUM cJydaif, Korja ¢,, BHOBbL He PaBHO

12
HYJIIO, HO MBI MHTEpeCcyeMcs JPYTUM IIapaMeTpoM — O, M3 IpeobpasoBaHHOTO ypaBHe-

myA. O9eBUIHO, 9TO TIapaMeTp O, TPEeJICTABMM Kak (DYHKIMA TapaMeTpoB M3 MHOKE-

CcTBa 01, HO ycCJIOBHE CBO6OI{HOIZ BappUPYEMOCTNM HE BBIIIOJIHEHO. CJIeILOBaTeJH:HO, IIpo-

Imjecc xt He ABJAeTCH cjab0 DK30TeHHBIM U AJI IlapaMeTpa 50 .

O6paTI/ITe BHMMaHMe, YTO €CJIM IIepeMeHHasda He ABJIAETCA csab0 BK30TeHHOI AJIA
mapaMeTpa, TO 3TO €llle He Oo3HadaeT, UYTO 3TOT IIapaMeTp HeJIb3d OL€HUTE. HaHpMMep,

IIOIIBITKa OLIEHUTEH IlapaMeTp ﬁ MeToaOM HaMMEHBIINMX KBaApaToB JaeT HeCOCTOATEeb-

HYIO OLIEHKY, IIOCKOJIBKY X, OUeBMIHO KOPpempyerT ¢ &,
(cov(x,,g,. ) =cov(e,,&,,)=0,).

A BOT KOppeJIALMSA NIePeMeHHOM X, ¢ BO3MYLUeHUEM ¥, PaBHa HYJIO, II09TOMY OLIEHKA

mapamerpa O, MeTONOM HAaMMEHBIIMX KBAaJ[PaTOB cocToaTesbHa. Ho BOT TOWHOCTH
orteHKM (ee 3(P(PEKTMBHOCTL) CHIYKEHA, TaK KaK B MOJeJb He MHKOPIIOPUPOBAHA OTMe-

— —

YeHHasfA CBA3b MEXOY IIapaMeTpamMl MHOMKECTB 01 " 02 .

CuabHasg DK30reHHOCTDH (Strong exogeneity)

B coorBercTBUM C [4] epeMeHHasa X, HasblBaeTcd CTPOro SK30T€HHOM JJIA Tia-

pameTpa ﬁ, ecs oHa cJyiabo DK3OTeHHA AJifA Hero, u o0 BbACHAeMAad IIepeMeHHasa yt He
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siBJIAeTCs MpUUKMHO 1o I'paHmsKepy AasA nepeMmeHHoW X,. IloHaTHe mpuuMHHOCTH 110

T'pasamxepy (Granger causality) Obwio BBefieHO B pabore [6] OTOT TepMMH CErofHA paclie-
HMBAeTCA KaK He OYeHb yAadHBIA, IIPesK/ie BCEro M3-3a JOCJIOBHOIO COBIIAJIEHMA C IIPUYMH-
HO-CJIeZICTBEHHBIMM OTHOIIIEHMAMM B OOBIMHOM CMBICJIE, HO OH YiKe IIPOYHO YKOPEHMJCH B
JutepaTtype. Jlumep [12] mpennaras Oosiee ymauHBLII TEPMMUH <«IIPEAIIIECTBOBAaHME»
(precedence), HO B IIpaKTHKe YKOPEHMUJACH IMEHHO IIPMYMHHOCTE 110 I'paHsxepy.
OcHoBHOII TTockLIKOI ['pangsKepa ObLIO TO, YTO OyAylllee He MOMKET OBITH ITPUTN-
HOJl HacTosAero uiy mnpouwuioro. IlosTomy, ecan cobblTve A IIPOM3OLILIO IIOCJE COOBI-
A B, To A omnpegmeseHHO He MoXKeT OwbITk nmpuumHoil B. Ho, Kak 3HaeT KalKOBIN,
«II0CJIe TOTO He BHAYMT BeJeZcTBMe Toro». Ilpm aHaamnse BpeMEeHHBIX PAZIOB HacToO XO-

TeJlock Obl 3HATh, IPEJIIECTBYET PAL X, PARY V,, WM Y, TPEAIIeCTBYeT X,, I OHU

«OHOBpeMeHHBI». Hanmpumep, mpezlecTByeT CiKaTHe AEeHEKHOM Macchl MIaleHU0 IIPo-
usBogcTBa B Poccuy 1990-x IT., mim MeskAy HMMKM HeT COOTHOLIEHUS IIPeJIecTBOBa-
HUA (IpUYMHHOCTHU 110 I'parmKepy).

TlouaTme npuumzHOCTM TIo I'paHmMKepy MMeeT Oojiee IIMPOKOe IPUMEHEHUE, UeM
TO, B KOTOPOM MBI OyZeM ero MCIIOJIL30BaTh. OTO, CKOpee, MOHATHE MH(POPMAIMOHHOE.

CravaJsia sammireM gopMasbHOe ompejeseHne. PaccMoTpuM HeKOTOPEI mpomece Z,,
He Ba’sKHO, MHOTOMEePHBI mim HeT. IIpemcraBum cebe, UTO MBI PACCUMTBIBAEM YCJIOBHOE
MaTeMaTU4IecKoe OXKMIaHNe HTOro Ipollecca’ E(ZM‘Q[), roe (), — BcA BO3MOMKHASA

MH(popMAalIA, KOTOpasd CyIIecTByeT B Mupe B MoMeHT t. IloToM M3 BCEBOBMOMKHON MH-
dopmaru, KoTopasa M3BECTHA K MOMEHTY t, yJajsgeM MHMOPMALNIO 0 HEKOTOPOM IIPO-

Ijecce xt. Econ IIpM 9TOM YCJIOBHOE€ MaTeMaTHYeCKoe OKIMIaHMe IIpoijecca Zt HEe Un3-

MEHUTCH, T.e. €CIIU E(ZM‘QI)ZE(Z

o ‘Qt \x (s Sl)), TO X, He ABJIAETCA IPUYMHON

no I'pemxepy pna Z,. Ecou ke oHM He paBHBI MeKIy co0oii, T.e. eciy M3BATHE MH-
copmari 06 X, MeHseT ycJIOBHOe MaTeMaTHYecKoe OKMAaHMe, TO X, ABJIAETCA Ipu-
auHolt o T'panpsepy ans Z,.

Ecm x, — mpuumza mo I'psumpKepy nasa Z,, To 5TO He O3HAYAeT, HTO MEXIY
3TUMM ITpolleccaMy eCTh ITPUUMHHO-CJIeICTBEHHAA CBA3L. ENMHCTBEHHBI BBIBOJ COCTO-
UT B TOM, 9TO YK ecJM IlepeMeHHas X, He ABJAETCA NPH4IMHON 1o I'psHmmepy ana

IepeMeHHO Z,, TO OHAa He ABJIAETCA ee IPUYMHON M B oObIYHOM cMbIcTe. I'paHmsxep
[6] mpenyosmy MeTOZ TeCTUPOBAHMA NPUUIMHHOCTH Ho I'panmxepy. OH IpensiosKmI
IIOCTPOUTE Perpeccuio mporecca Z, Ha €ro coOCTBEHHBIE NPEeABIAYIIIe 3HAYEHNA M Ha

k k

npelpIAylie 3Ha4YeHMs Ipolecca X,: Z, :aO—I—ZaiZH —i-z:,Bl.xH +ég,. A mociue
i=1 i=1

3TOT0 IIPOBEPUTHL OOBIYHYIO TUIIOTE3Y O PABEHCTBE HYJIO TPYHIEI KO3((PUIIMEHTOB!

Hy:f=..=f, =0

. 910 obbruHbll F-TecT. Kak 00bIYHO, CTpOMTCA IOJHOEe ypaBHe-
. 2 2
H g +.+8>0

HIe M YKOPOYE€HHO€, M CpaBHMBAIOTCA OCTATOYHBIE CYMMEI IIO F-cratucruxe. Ecan Hy-
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JieBas TMIIOTe3a OTBepraeTcd, TO X, ABJAETCA NpuymHoii o I'paumxepy mna Z,. Ecin
JKe HyJleBadA TUITOTe3a He OTBepraeTcsd, TO IIPOLLIoe IIpollecca X, He OKasblBaeT BJIMA-
HIe Ha Ipolecc Z, U He ABJAETCA €ro mpuuuHoi mno I'paumxepy.

Cumc B [16] mpensosny npyroif moAXonA: X, He ABJAETCA HpUYMHONM 1o I'psHpa-
JKePy AJIA ), €CJM B perpeccun ), Ha MPOLILIbIe, TEKyIpe U IPeIbIAyLie SHAYEHNA

X, xoappuIMenTsl Ipy OyAylIMX 3HAYEHMAX X, COBMECTHO PaBHEI HyJIO. [l mpoBe-
JIeHWS TecTa CTPOMM PEerpeccuo

m
yt = Z'Bixtfl +8t
i=—k

u mpoBepsem rumotesy H 1 . =0 (i =1, ., k) mpoTuB ecrecTBeHHOI aIbTEPHAT-
BbL. Ecqu HyseBas rumoresa OTBepraercid, TO 3HaHMe OynylmX 3Ha4eHMl X, He Mo-

3BOJIAET YJyUYlllaThb IIPOTHO3 yt' Xota c BKOHOMeTpI/I‘-IeCKOVI TOYKM 3pPeHUsAa TeCTHI

T'psamxepa n Cumca He TOMKOEeCTBEHHBI, OHM IIPOBEPAIOT OJHO M TO Ke cBoIcTBO [3].
Oba TecTa, BIpodUeM, BeCbMa YYBCTBUTEJELHBI K UMUCIY JAaroB, BKIIOYEHHBIX B TE€CTOBOE
ypaBHeHMe. VImeifHO TecTBI NOJIKHBI BKJIIOUATH OECKOHEYHOE HNCJIO JIAroB, T.e. BCHO

IIpeapICTOPUIO xt . Ho nac OorpaHmM4YMBaeT OJMHa peaJms3aly, BO-II€PBLIX, B KOJIUYECT-

Be JIaroB, KOTOPOEe MOJKHO IIPMMEHATH, BO-BTOPBIX, IaJalolllee HMCJO cTelleHel cBobo-
IIBI TOYKE MOYKET ITOBJIMATEH Ha MOIIHOCTL 3TOTO TeCcTa. XOpPOoIlMe PEKOMEHAIMN I10 BhI-
Oopy umcsia JaroB OTCYTCTBYIOT.

Ecs rpymnma perpeccopoB SBJIAETCA CTPOTO DK30TEHHON IJA mapamerpa [, TO

3TOT IIapaMeTp MOYKHO OLIEHUTE U3 yPaBHEHWMS Perpeccuy, MCIOJLE3YA TOJBKO MHMOP-
Malmioo 00 YCJIOBHOM paclpefesieHMM. B aToM ciydae TakiKe MOYKHO IIPOTHO3MPOBATH

IIporecc yl’ OCHOBEIBasiCk Ha IIPOTHO3€ IIpoliecca xt II0 €ro COOCTBEHHBIM IIPOLIJIBIM

SHAYEeHUAM.
Cynepsk30reHHOCTH (super exogeneity)

T'oBopsaT, uTo rpymnna perpeccopoB ABJIAETCH CYIEPIK30TEHHOM, ecsi M3MeHeHe
MX COBMECTHOTO paclipefieJieHNs He MeHSeT YCJIOBHOTO paclipefiesieHns o0BbACHAEMOI

[epeMeHHO) y,. OTO CBOWMCTBO CBA3AHO ¢ TaK HasblBaeMol KpuTukoii Jlykaca [13]. Ona

3aKJ04aeTca B ciaenyoolleM. OgHa U3 HeJsell 3KOHOMeTPHYIECKOTO MOOEeJUPOBaHUA CO-
CTOUT B IIPOTHOBMPOBaHNM 3(PeKTa OT M3MEHEHN)! PK30T€HHBIX IIepeMeHHLIX. OnHaKo
IpM M3MeHeHMM ITUX IepeMeHHBIX SKOHOMMYecKMe areHThI BUAAT, YTO IIPOMCXOLAT
U3MeHeHNs, MEHAIOT cBoe NoBeJeHMe M, TeM caMbIM, MEHAIOT IapaMeTpPbl 3KOHOMIYe-
ckolt cucTeMel. IloaToMy MofeJsib ¢ IIOCTOSAHHBIMM ITapaMeTpaMy, roBopuia Jlykac, He
aZleKBaTHa peaJIbHBIM 3KOHOMMYecKMM crcTeMaM. CBOMCTBO CyIepaK30TeHHOCTY BblAe-
JAeT MoJeJ 3KOHOMMYECKUX CHCTeM, K KOTOPBIM KpUTHKa JIyKaca He IIPUMeHMMA.

B coorBeTcTBUM € yixe ymommHaBImMMcA nopxonoM Cowles Foundation [10] k-
30TeHHOCTL IIepeMeHHBIX U IIPUYIMHHO-cJeCTBeHHBIE OTHOLIEHUA MeKAY IIepeMeHHBI-
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MM He TeCTMPYIOTCH, OHM CIEIM(PUIMPYIOTCA U3 COLEePsKaTeNbHBIX allpUOPHBLIX CO00-
paskenuii. CoBpeMeHHEII ke IoAxon [4] mpenmojiaraeT TecTHMpPOBaHMe BK30T€HHOCTIH.
Ilo camoMy cMBICJIy 3TOTO CBOMcTBa IJIA IPOBEPKHU, BIMUAET MM HeT ydeT paclpepesie-
HUS perpeccopoB Ha OLIEHKM perpeccul, MCIOJNb3YIOIKME TOJNBKO YCJIOBHOE paclpene-
JIeHMe, HYKHO NocTpouTh obe Mogzesm: yumtbiBawpolryio DGP (Data Generating Proc-
€SS) IIOJIHOCTBIO M ypaBHeHMe perpeccuyt. Ho ecam MBI B COCTOAHMM ITOCTPOUTE MOJEID,
yunThiBaioinyo DGP nmosHocTBIO, TO HeoOXOAMMOCTE B perpeccuy IIPOCTO IIPOIajaeT.

PaccmoTpenHEIlt BhIlle IpuMep € MccJaefoBaHMeM cJaboii SK30TeHHOCTM IIpollecca X,
OTHOCHTEJIBHO IapaMeTpa [ IOKasblBaeT, UTO HapyIlleHMe DTOTO CBOJCTBA CBASAHO C
HaJIMuMeM perpeccopa y, , BO BTOPOM M3 ypaBHEHMI! M ¢ HepaBeHCTBOM HYJIFO KOBa-

prnanmn 012 . CJIeILOBaTeJH:HO, HaJgu4yne cJiaboli PK30TeHHOCTU SABJSEeTCH YaCTHBIM CJIy-

gaeMm oOIIell Momesay IpM OTPaHMYEHMAX Ha SHadeHMA apamerpoB: oy, =0, o, =0.
Ilosromy pnmna TecTmpoBammsA cyiaboll SK30TEHHOCTM IIPEJICTABIAETCA €CTeCTBEHHBIM
IpMMeHeHMe TecTa MHOMKMTeJell JlarpaHiKa, IIpu KOTOPOM oOlleHuBaeTca TOJBKO MoJelb
C orpaHMYeHMAMM Ha NapaMeTphl. TecT, MCHOJMb3YIOIMII TecT MHOMKHUTeJel JlarpaHixa
JLJIA TeCTUPOBaHMUA cJaboli sK30reHHOCTH, ObLI paspaboTan OHIJIOM [4]

B ycnoBusx HyJsieBoii mmuIoTesbl oba ypaBHeHMA IJA Y, U AJIA X, MOTYT ObITh
oneHerb! MHK mno ormenbHocTM. OGO3HAYMM OCTATKM COOTBETCTBYOIMX Perpeccuii

qepes ey n e npunieM B obe perpeccrm BHJIIOYEHEBI CBO6OI[HI:I€ YJI€HBI, €CJIM TOJBKO

x?

OHM He JIOJI’KHBLI TaM OTCYTCTBOBATBL M3 COZep:KaTeJILHBIX coobpaskenuii. Jasee cTpoum
perpeccuio e, Ha KOHCTaHTY, X, U €, '€, = a +bx, +ge, + g,

HyneBas rumoTesa npuammaet Buy H @y =0, u mpu ycnoBum cnpaBeaMBoOCTH

2
H, acnvnrotnueckoe pacnpenesnerne cratveturn (I'—1)R° umeer acumnroTndeckoe

2

. 2 .
pacrpenesennne X1 ¢ ofHOI cTemeHbO cBobobl 3neck R° — MHOMeCTBeHHBINH K03d-
PULIMEHT HeTepMMHAIMY IIOCJeHEl perpeccun, a (T —l) — KoJudecTBO HabJOmeHMs
IIpU ee OLIEHKe.

N 2
AcUMITOTHYECKN HKBUBAJIEHTHEII PesyJIbTaT MOKHO IIOJYYUTh, UCIOJAb3YSa R
perpeccun €, Ha KOHCTAHTY, X, ;, V¥, U €,. OTOT IOAXON TpedyeT IOCTPOeHNA TPeX

perpeccuii. MOYKHO OTrpaHMYIUTLCA IIOCTPOEHMEM TOJILKO [IBYX, €CJM BOCIIOJIB30BATHCH
Teopemoii @puina—Bay. B aToM BapmaHTe TecTa MBI CTPOMM PErpeccuio ), Ha KOH-

CTaHTy, X, U €, a 3aTeM IpoBepAeM 3HAUMMOCTL Ko2(ppUIIMEHTa IpK € C IIOMOIILIO

X0
CTATUCTUKN CTI:IO,ZLeHTa. CraTtuctudeckmii BBIBOA ACHMMIITOTUYECKM IKBMBAaJIEHTEH IIpe-
ABLAYITTUM MOﬂM(bMKaHMﬂM. HOCJIeILHHﬂ BepCcUA 3aKJIO4YaeTCs B perpeccun xt Ha KOH-

CTaHTy, X Yiq M e, ¥ IpOBepKe SHAUNMOCTH K03 pUIMeHTa 1PN e,.

-1

s TecTHpPOBaHMA CUJIBHOI 3K30T€HHOCTYM MBI TECTHMPYEM CJalyIO BK30T€HHOCTH
M 3aTeM NPUYMHHOCTE N0 I'paHIMKepy, KaKk 3To ommcaHo paHee. IIpoBepra cymepaKso-
TeHHOCTM IIpoBOAMTCH B Tpu srana. CHauasa npoBepseTcs cyabas BK30T€HHOCTL. 3a-
TeM IIPOBepPHAETCH CTabMUIIBLHOCTL MTapaMeTpPOoB YCJOBHOTO paclipefiesIeHNs U3 MHOMKeCT-
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Ba 01 . IIJIH 3TON qeJit MOryT MCIIOJB30BaThCA BBedeHUe dummy—r{epeMeHHmX n IIpo-

BepKa X 3HAYMMOCTH, TeCT T{ay n Opyrue TecCThL
Ecan crabuinHoCTE ImapaMeTpoB YCJIOBHOTO paclipeneJieHNns yCTaHOBJIEHA, TO Ha

TpeTheM dTalle IPoBepAeTcs CTabMILHOCTE TapaMeTpoB 13 MHOXecTBa O, . IIpoBepKy
MMeeT CMBICJ IIPOBOANUTL, MCIOJL3YA dummy-niepemennsle. Ecoy napaMeTpsl U3 MHO-

JKecTBa 02 OKa3bIBAKTCA CTa6I/IJH:HI:IMI/I, TO MMeIILecAa JaHHble He JalT OCHOBaHMI

—

[AJIs1 BEIBOZJA O CYIIE€POK30T€HHOCTH. Ecin ke HecTaOMJIBHOCTL mapaMeTpoB 13 02 ycra-

HOBJIEHa, TO 3Ha4YMMble dummy-IiepeMeHHBIe A00aBJAIOTCA B KadecTBe JOIOJHUTENE-
HBIX PErpeccopoB B McCIeAyeMylo perpeccuio. Ecim BBeneHHBIe dummy-IiepeMeHHbBIE
OKaBbIBAIOTCA HEBHAYNMMEBIMY B COBOKYITHOCTM, TO CYIIE€P3K30T€HHOCTE YCTAHOBJIEHA.

Ha mpyroit mpee mpoBepkm csiaboii SK30re€HHOCTM OCHOBaH TecT By—Xaycmana

[7, 18]. IIpn oTcyTcTBuM cyaboli SK30TeHHOCTM perpeccop X, KOppeaMpoBaH €O CIy-

yayHBIM BoaMylleHueM, moaTromy MHK orerkyn xoaduiineHTOB perpeccuy ABJIAIOTCA
CMEIIIeHHLIMIM M HecOCTOATeJLHBIMN. CoCToATe NbHBIE OLIEHKM JaeT MeTOJ MHCTPYMeH-
TaJBHBIX ITepeMeHHBIX (IV), 0 KOTOpoM MBI TOBOPMJIM B Kypce sKOHoMeTpuku. Harom-

HIO, YTO MHCTPYMEHTAJBLHON MepeMeHHOl (MHCTPYMeHTOM) AJA X, HasblBaeTcdA Jobad
ImepeMeHHas Zz,, HeKOPpeJMPOBaHHAA CO CIydYaliHBIM BO3MYIIeHMeM, HO KOppeanpo-

BaHHaA C xt. Tect By—XayCMaHa CpaBHMBaeT [B€ OLI€EHKMU: MeToda HaMMEHBIIINX

KBaJIpaToB M MeTo[a MHCTPYMEHTAJBHBIX IlepeMeHHBIX. IIpu HyJeBoli runorese ciaboii
BKB0TE€HHOCTM 00€e OLIEHKM COCTOATEJBHBI M ACHMIITOTMYECK) 3KBUBAJICHTHHL IIpyu anab-
TEPHATUBHOI I'MITOTE3€ OI[€HKM He 3KBUBAJICHTHEIL

B kauecrse MHCTPYMEHTa BI:I6I/IpaeTCH OIleHKa xt MeTOoAOM HaVMEHBIIMX KBapaToB.

IIponnmocrpupyem npumenenne Tecra By—Xaycmana Ha paccMaTpUBaeMOM IIpUMeEpe.

y; = @Ct + 811
X, =ox, oy, toey

C TeMM Ke CBOMCTBaAMM CJY4YaliHBIX BoaMylleHMi. Ha mepBoM Itare cTpoMM perpeccuto,
Ias
COOTBETCTBYIOIIYI0 BTOPOMY ypPaBHEHMIO, ¥ O0O3HAUMM depe3 X; PacCUMTaHHBIE BHa-

YeHnA xt. IIaJIee OLI€eHMBa€eM pPerpecCuro

Ay
y;:@ct+7/x1+gt
M IIpoBepAeM 3HAUMMOCTL KoadpuimenTa y. B obiem ciaydae HeCKOJBKUX perpecco-
pOB CTpOﬂTCﬂ I/IHCprMeHTBI AJIA KayKIOoro M3 HUX, BCe I/IHCprMeHTBI I[O6aBJIﬂIOTCﬂ B
perpeccuio, 1 IpoBepsAeTCA IUIIOTe3a O COBMECTHOM 3HAUMMOCTY KO3((UIIMEHTOB IpK
I/IHCprMeHTaJH:HBIX HepeMeHHBIX. ECJH/I HyJieBas TUIIoTe3a He OTBepFaeTCﬂ, aeJiaeTcda
BBIBOJ 0 HAJIM4YNMN CJIa6OI7[ IK30T€HHOCTH.

BrpoueMm, Ha mpakTHMKe FOCTATOYHO YacTO IPOCTO IOCTYJIMPYIOT caabyio BK30-
TeHHOCTB HepeMeHHBIX, nucxogd ms COI[ep)KaTeJH:HBIX COO6paD{QeHI/H7[. HaHOMHI/IM, qTo
CTaLU/IOHapHOCTB HepeMeHHBIX nu CJIa6aﬂ JK30Ir€eHHOCTE perpeccopOB II03BOJIAIOT I10JTY -
YUTH COCTOATENBbHBIE OleHKM KoadduimenToB ADL momeseii, M oObIYHBIE IPOLIENYPBI
HpOBepKI/I TUIIOTEe3 ABJIAKTCHA aCUMIITOTUYECKNU BepHBIMI/I.
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Jdexmusa 13

MHuoromepHbie IpPOoIiecChl

Jo cux mop MblI paccMaTpPUBaJM MOMEJM, KOTOPbIe COCTOAT TOJBKO M3 OFHOTO CO-
OTHOLIIEH), CBASLIBAIOIIEr0 BpeMeHHbIle pAAbL IIpy 3ToM MBI BbIOMpas M OJHY M3 Ile-
PEeMeHHBIX B KadecTBe SHIOTEHHOI, a ocTajJbHEBEIE IIepeMeHHble ABJIANNCE 9K30TeHHBIMIL
Taxoe paspgeseHMe He Bcerja ABJIAETCA ecTeCTBEHHBIM, YacTO IIPUXOAUTCA paccMaTpu-
BaTh OJHOBPEMEHHO HECKOJIBKO COOTHOIIEHMII, B KOTOpble OOHM U Te Ke IIepeMeHHBIe
BXOJAT M KaK SHIOTeHHLIe, I KaK 3K30TeHHBIe. Kak BMUIHO M3 IIPOLILION JeKImu, repe-
MeHHasd He BCerjla MOKeT paccMaTpPMBAaTBLCA KaK SK30TeHHAHd, M MBI (PAaKTUIECKU
JOJKHBI paccMaTpuBaThk Momesib DGP, cocrodlllyro M3 HeCKOJIbLKMX ypaBHeHUIL ITo
Oo3Ha4YaeT MoJeJNpoBaHMEe HECKOJILKMX BPEMEHHBIX PANOB OOHOBPEMEHHO, IPYTMMM
cJIoOBaMM — MojeJMpoBaHKe MHOTOMePHOTO ciydaliHoro Ipoliecca.

N 7 1,2 ENT
Haunem c ompegmesenmit. Pacemorpum Bextop X, =(X,,X;,.,X,) , Kamzpad

KOMIIOHEHTa KOTOPOro sfABJAETCA BPEMEHHBIM pPAIOM. BerHI/IM MHOEKCOM 6y,ueM obo-
3Ha4YaThb HOME€P KOMIIOHEHTEI, a HVKHNMM IIO-IIPpEeyKHEMY — MOMEHT BPEMEHN. Pacnpe,ue—
JIEHV€ KOMIIOHEHT XapaKTepusyeTcsa ceMelicTBOM COBMECTHBIX IIJIOTHOCTENM pacpene-

mervA Bupa: f, (X!, X72,..X7), n=L12.. . YcioBueMm cTaIMOHAPHOCTM B Y3KOM CMBICTe
1 2 n

IIo-TIpEeKHEMY fABJACTCA HEe3aBMCHMMOCTL OT CIOBHUIa BO BPEMEHM BCETO ceMelicTBa CO-
BMECTHBIX ILJIOTHOCTENM pacipeneJeHmnA. Tosbko Tellepb KpoMe BCE€BO3MOKHBIX KoMOM-
HaLU/H71 3HaAYEeHUN cnyqaﬁHoro IIponecca B pa3jiMiHble MOMEHTEI BpEMEHM apryMeHTaMU
ILJIOTHOCTEM BEPOATHOCTHU TaK3e SABJAIOTCA BCEBO3MOMHLBIE KOM6I/IH8.LU/H/I pasImMYHbIX

KOMIIOHEHT B pPa3JIM4YHbIE MOMEHTHBI BPEMEHN. HaHpMMep, AJIA I[ByXMepHOI?,I IIJIOTHOCTU

1 2

rirsX;,) IuA goboro T .

mosTyyaeM u3 ycnoBus cramvoHaproern: fo(x),x7)= f,(x

CoBMecTHOe pacnpepiesieHye KOMIIOHEHT AJIA OFHOTO M TOTO JKe MOMEHTa BPeMEeHM He
3aBMCUT OT BpeMeHM. PaccMOTpuM APYryioo QYHKIMIO paclpefie]leHNdA, HaIpuMep
TPEXMEPHYIO, B KOTOPYIO BXOJAT 3HAUEHNS I1€PBOY KOMIIOHEHTHI B /IBA PasSHLIX MOMEH-

Ta BPEeMEHM ¥ BTOPOI KOMIIOHEHTHI B HEKOTOPBIM TpeTumii MoMeHT Bpemenu. Crarmo-

1 2

riniesXiise, ) - MOMKHO CKa3aTh, 4TO

HAapHOCTB o3Hauaet, uto f,(X,,X,.,, X, )= fy(x, . x

3TO CBOMCTBO MHBapMaHTHOCTM K CIBUTY BO BpeMeHM. To €CThb, ecaM K KasKIOMYy MO-
MEHTY BpeMeHM MpMOaBUTL BEJWUMHY 7, TO (PYHKUMA IIJIOTHOCTM He m3MeHUTcH. Ilo-
HATHO, YTO CTAIMOHAPHOCTE MHOI'OMEPHOTO IIpollecca BJedeT 3a co0O0l cTalMOHAPHOCTD
KasKI0M M3 ero KOMIIOHEHT.

Kak n B ogHOMepHOM cirydae, CTAIMOHAPHOCTL B YBKOM CMEICJE BJedeT 3a coboii
PAL CBOVCTB XapaKTepPUCTHK CJIy4alHBIX IIpolieccoB. IIpesxsie Bcero, HaYHEM C MaTe-
MaTHYecKoro oskmzanmnsa. MaTemMaTudecKoe OMKMUIaHME [JIA Ka'KA0M KOMIIOHEHTHI He
3aBMCUT OT JPYIMX KOMIIOHEHT. IIo3TOMYy ecsM MHOTOMEPHBIM IIpollecc CTallMOHApeH,
MaTeMaTHU4IeCKoe OMKMIaHMe KajKJ0ol KOMIIOHEHTHI He 3aBUCUT OT BpeMeHHM. BexTop

H

MaTeMaTHUYeCKUX OMKUIaHui E( X t) =| ... | He 3aBUCUT OT BpeMeHN.

Hy
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Temneps paccMOTPMM MOMEHTHI BTOPOTO Hopsnara. Kaikasa KOMIIOHEHTa XapaKTe-
pusyeTcsa AMcIepcuel ¥ aBTOKOpPPesAIMoHHoM (byHKImeld. Ecam ogHOMepHBII psan cm-
LIMOHAPEeH, €r0 aBTOKOPPEJAIMOHHAA M aBTOKOBaPMALMOHHAA (PYHKIMM 3aBMCAT TOJBKO

or casura 7: Corr(z) =Corr(x),x,, )= p,(7). OnHakKo Temepb MOMKHO PaccMOTPeTh

BTOPOJ CMeIIIaHHBI MOMEHT JJIA Pas/MuHBIX KoMIIoHeHT, a takwke Corr(x;,x; ). Ta-

KYIO0 BeJMYMHY €CTeCTBEHHO Ha3BaThb KPOCC-KOpPPeJIALMOoHHOM (pyHKImel. Ecam komrio-
HEHTHI 00pa3yoT MHOTOMEPHBINM CTAlMOHAPHBIA IIpollecc, TO Kpocc-Koppesarmsa 0ynmeT

dyurmeii casura Bo BpeMerM 7. O003HAUMM 3Ty (DYHKIMIO Rij (). HoBosbHO ode-

BUzHO, 9To R, (7) =R, (-7). Ilpu durcuposanHom sHadernu 7T aieMentsl R, (7) 06-

pasyoT mMatpuny R, saBucsaAinymo or 7. 3HaUEHMIO 7, PAaBHOMY HYJIIO, COOTBETCTBYET

KOppPeNALMONHAA MaTpula BekTopa X, .

Kak n B ogHOMepHOM ciydae, Ha30BEM MHOTOMEPHBIN IIPOIlECC CTAIMOHAPHLIM B
IIMPOKOM CMBbIcJIe (cyiabo CTallMOHAPHBIM), €CJIM BEKTOP MaTeMaTHHIeCKUX OMKMUAAHMIT He
3aBMCUT OT BPEMEHM, M KPOCC-KOPPEeJAIMM MeKIY JIOOBIMM KOMIIOHEHTaMM 3aBMUCAT
TOJILKO OT PasSHOCTU BO BpeMeHM. MOKHO CKasaTh, YTO Yy CTAIlMOHAPHOTO MHOTOMEPHOTO
IIpoliecca KOMIIOHEHTEI CTAllMOHAPHEI M CTAlMOHAPHO CBA3AHLI MEXKAY COOOIL.

Mopent MHOrOMEPHOTO BPEMEHHOTO psAfa OOLIYHO OyZeT 3allaBaThbCA B BUAE YPaB-
HeHVA [JIA KasKJI0M M3 KOMIIOHEHT, IIpM4YeM B BHIe OOBACHAIOIIMX II€PEeMEHHLIX OyIoyT
BBICTYIIATE TEKyIIMe M IIpefbIoyllle 3Ha4YeHUd, BooOIlle TOBOPH, BCEX KOMIIOHEHT.
Jpyrumy cioBaMu, Mojenb OyzeT IIpeficTaBJIEHA CHCTEMOM OJHOBPEMEHHBIX ypaBHe-
Huit. OJHOBPEMEHHOCTh He AaeT HAIPAMYHO MCIOJbL30BATHL TAaKO pPaclpoCTpaHEHHBIN
MeTOZ, KaK MeTo]i HauMeHBIIMX KBaJpaToB IJA OLIEHKM IIapaMeTpPoB MHOT'OMEPHBIX
MopeJielf. OTa OCOOEHHOCTL He MMeeT CIelMUKM BPEeMEHHBIX PALOB, a OTHOCUTCH
MMEHHO K OIleHKe OJIHOBPEMEHHBIX ypaBHeHMI. IIOCKOJBKY CHCTEMBI OJHOBPEMEHHBIX
ypaBHEHMIT He BXOAWUJN €llle B JAaHHBI KypC SKOHOMETPMKM, KPAaTKO PaccCMOTPUM BOB3-
HUKAIOLIMe TPYIHOCTH.

Ilyctes sBamana npocras HKeliHcumaHckad MaKpOSKOHOMMYECKAd MOZeNb HalMo-
HAJLHOTO JI0XOJd, COCTOAIIAA TOJNBKO U3 IBYX CIEAYIOUMX ypPaBHEHMIL!

Y =C, +Z,
C,=a+pY, +u,

rae Y, — HaimoHadbHENT goxom, C

p , — moTpebnenme, Z, — MHBECTUIMM U TOCYAapCT-

BeHHBIe pacxXonbl, a ¥, — Oennni urym. IlepBoe M3 ypaBHeHMIT IpeJicTaBJaseT coboif yc-

JIOBJe PaBHOBECMSA HAIMOHAJLHOTO JI0X0d, a BTOpoe — (PYHKIMIO NoTpebienua. Ko-
appurmment [ — mpefenbHas CKIOHHOCTH K [OTPeOIeHNIo, a KoadpduimenT o — aB-
TOHOMHOe IToTpebsieHre. B coOTBETCTBUM C SKOHOMMYECKMM CMBICJIOM CHMTAEM SHIO-

renubiMu epemenueiMu Y, u C, — BBII u morpebienne, a Z, cunmraeM 5SK30T€HHOM

IIepeMeHHO. DTN YPaBHEHMUA U UX KO3(P(PUIMEHTEI OTPAYKAIOT 3KOHOMWUYECKNI CMBICJ
COOTHOLIIIEHMI, B 3TOM CcJydae TOBOPAT, YTO ypaBHEHMSA B3aJaHBI B CMPYKMYPHOU
(structural) popme. VIHmeKe t yraspIBaeT Ha TO, YTO IIepeMeHHble ABJIAITCA BpeMeH-
HBIMM pAJAMM, XOTA YPaBHEHMA ¥ He COZep:KaT JIaroBbIX cocTaBisaonmX. IIycrs cob-
paHbl JaHHBIE O [IOTPEeOJeHNHM, 0 pacxojax ¥ O HallMOHAJBLHOM goxoze. MoikHO Jm, OT-
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BJIeKasfAChk OT HpO6JIeMI:I 3K30T€HHOCTHU, OLIEHUTH (byHKHMm HOTpe6JIeHI/IH IIpocTo m3
BTOPOTr0 COOTHOLUIEHMA MeTOOOM HaMMEHBIIINX KBaILpaTOB?

MO,ZLeJH: IIpencTaBJIEHHOTO THUIIA Ha3bIBaeTCA OJHOBPEMEHHBIMM YPaBHEHMAMI. B
JaHHOM CJiydae y Hac ABa ypPaBHEHNMS, IIPUYEM 3KOHOMETPHUYECKOE Yy HacC TOJBKO OOHO.
HepBoe COOTHOIIIeHIMEe — BTO ODLIYHOEe BKOHOMUYECKOe TOXOECTBO, MBI HUMYETO He Olle-

HMBaeM B 9TOM ypaBHeHMM. MbI XOTUM OLIEHMUTH TOJBKO KoadpuUMeHTH o u [, HO
MU3-3a TOTO, UTO CYIIIECTBYET JIOIOJHUTENBHOEe SKOHOMUYECKOEe TOMKIECTBO, IIOABJIAETCA
npobiema. Ecmm mpocto mopcraButt (C, B IepBOe COOTHOLIEHME, TO IIOJYHUMM

Y =a+ pY,+Z, +u,. Paspemms mnosydeHHOe ypaBHEHME OTHOCHTEJBHO HALMOHAJb-

o 1 1
HOTO [I0XOfa, IoJydaeM Y, = + Z, +
-8 1-p 1-8

ypaBHEeHMe aeT TaK HasbIBaeMyIo npugedennyto (reduced) opmy mMomes:

CI—L-‘FLZI-FLMI
I-p 1-p  1-p
Y, = . ! Z, + ! u,
I-p 1-p  1-p

u,. Ioncranoska 7V,

; BO BTOpoOe

Temnepr SHAOTeHHBIE IIepPEeMEHHBIE BHIPAYKEHLI Hepes DK30TeHHBIE IIepeMeHHBIE U
caydaliHble BO3MyLleHMA. Pasmiune MesxIy CTPYKTYPHON M IIpMUBENIEHHONM (DOPMON HO-
CUT He TOJLKO MaTeMaTM4YecKM)i, HO M CcoJep:KaTeJbHbI XapakTep. Boobie-To Hac
MHTepPecyOT Ko3(P(PUIMEHTE! CTPYKTYPHBIX YpPaBHEHMII, OHM MMEIT 3KOHOMMWYECKUI
cMeics. Hanpumep, [ — 2To mpefesbHasd CKJIOHHOCTE K moTpebieHmio. A xoadyduim-
€HTHI B IIPMBEJIEHHON (popMe yiKe He HecyT 3KOHOMMUYECKOTO CMBICJIA.

IlpuBenenHas ¢gopMa ABHO IOKa3BIBAET, YTO IepeMeHHas Y, Koppe/mpoBaHa co
CIy4YaltHBIM Bo3MYyIlleHMeM ¥,. PopMasbHO B CTPYKTYpPHOE ypaBHeHMe, oIlpefeJisioliee

Y

;» H€ BXOOUT HMKaKasf cnyqaﬁHaﬂ KoMmroHeHTa. Tem He MeHee, M3-3a TOro, 4To a2To

OOHOBpPEMEHHEBIE YPpaBHEHUA, Yt 3aBUCHUT OT th. 3To O3Ha4daeT, 9TO MeTod HaMMeHBIIINX

KBaJIpaTOB JAcCT CMEIIEHHYIO ¥ HEeCOCTOATEJBHYIO OLIeHKY IIPM OLIeHMBaHWM (PYHKIUU
norpebnerna. OH HpuBeneT K CMEIEHMIO, BLI3BAHHOMY COBMECTHBLIMM YPaBHEHUAMIL.
Jaske acuMITOTHHYECKN METOJ HaMMEHBIIMX KBaJPaTOB, IPMMEHEHHLIN K CTPYKTYPHO-
My YpaBHEHMIO, IPMBOIUT K IJIOXMM pesyJbTaTaM. VI3-3a ogHOBpPEMEHHOCTM ypaBHEe-
HUI oIMOKa 13 JIIoOoTo ypaBHEHMA Kak Obl IIPOHMKAET BO BCe OCTAJILHLIE YPaBHEHM.
Mosxro mcnonssoBaTe MHK 1uia olleHEM K03(p(pUIMEHTOB IIPMBEEHHOI (DOPMEI,

ec/y1 9K30Te€HHAA INepeMeHHadA Z, JeTePMMHMPOBaHA MM He KOppeaupyeT ¢ BO3MYIIe-

HMeM U,. JnA HaXooIeHMs Kod(ppHIMEeHTOB CTPYKTYPHO!N (POPMBI IPUMEHAIOTCA ABa

criocoba.

1. Koceennwiii (indirect) memod naumenvwux xeadpamos. MeTomoM HaMMeHb-
X KBAJPATOB OlleHMBaeM K03(P(PUIMEeHTHl IPUBEeNeHHOM (POpPMEI, OJIA Yero OolleHMBa-
eM perpeccuu:
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_ 1
Y,=7m+7,-Z, +¢,

_ 2’
C, =Ty +70y - Z, +

Kampaa us perpeccuii orneHmBaercsa oThenbHo. g HaxXxoMIeHMA IapaMeTpPOB
CTPYKTYPHOI popMBI & 1 [ MOIKHO IOIBITATHCS PELINTL CUCTEMY YPaBHEHMI:
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OueBKgHO, YTO 3Ta cUCTeMa dHeThIpeX ypaBHEHWUII ¢ ABYMs HeM3BECTHBIMM, BO-
00IIle TOBOpHA, He MMeeT pellleHMA. B 3ToM 1 cOCTOMT OCHOBHOI HEOCTATOK KOCBEHHOTO
MeTofa HaMMeHBLINMX KBaApaToB. lIpuBeNeHHYIO cHCTEeMY Bcerfa MOYKHO OLIEHUTE.
IIpenmnososknuM, cucTeMa cocTOUT He M3 IBYX, a u3 10 ypaBHeHMIT ¢ 10 HepeMeHHBIMIL
Bribupaem sHIOTEHHBIE M PK30TeHHBIE IIePEeMEHHBIE ¥ CTPOMM PETPECcCUI0 KasKIoH SH-
JIOTeHHOI! IlepeMeHHOIT Ha Bce dK30TeHHBIe. Ilocse 3Toro 0CHOBHOI BOIIpOC 3aKJI04YaeTcA
B TOM, MOJKHO JI OT K03(p(PUIMEHTOB MPUBEAEHHO) (POPMBI BEPHYTHCHA OJHOBHAYHO K
CTPYKTYPHBIM Ko3(h(puIlMeHTaM, KOTOpble ¥ MMEIOT CoflepsKaTeJIbHBIN cMbIc. I'oBopAr,
YTO CUCTeMa MIASHTU(PUIMPYEMa, €CJIM 10 KoapuImeHTaM IPUBENEeHHON (POPMBI MOKHO
OJIHOBHAYHO BEPHYTLCA K CTPYKTYPHBIM Koadduimentam. VHorga cOOTBETCTBYOIIAA
cucTeMa ypaBHEHMI IMPOTHBOPEYMBA, MHOTIA pelIeHMA OYyIAyT CylllecTBOBATb, HO HeE
OynyT emmuHcTBeHHBIMM. CYINECTBYIOT CUCTEMBI OJHOBPEMEHHBIX YpPaBHEHWMI, B KOTO-
poix kocBerHBII MHK npuBomuT K OZHO3HAYHOMY pesyJbTaTy. VneHTUUIMpPyeMoCTs
3aBMCUT B TOM d4HMCJE M OT TOTO, CKOJBKO 3K30TEHHBIX IepeMeHHBIX NPUCYTCTBYIOT B
MOJeJM U KaK OHM BXOJOAT B CTPYKTYPHBIe ypaBHeHMA. B 3ToM, Ha caMoM feJe, ofHAa
M3 IPUYMH TOTO, YTO B HAIlleM IIpMMepe MBI He MOYKEM OLIeHUTHL CTPYKTYPHBIE KO3(-
(pUIMEHTEI — y Hac OJHA eNVHCTBEHHAA DK30TeHHAsA IlepeMeHHas, BCero Ba CTPYKTYP-
HBIX [IapaMeTpa ¥ 4deThIpe — B IIpuBeneHHON cucTeMe. C mpobyemolii uueHTHMOUIMPYe-
MOCTM BBl ITO3HAKOMMTECH IIOAPOOHEN B JaJbHEHINEM Kypce SKOHOMETPUKM IIPU U3Y-
YEeHNM TeMBI «CUCTEMBl OJHOBPEMEHHLIX ypaBHeHMI». KaKylmiica TakuM IIPOCTBIM
KOCBEHHBIII MeToJ, HaIMeHBIIIMX KBaJpaTOB He Bcerjja MoKeT HaTh OLleHKM CTPYKTYPHBIX
ImapamMeTpoB.

[ masbHeMIero M3J0KeHUA BaKHO IIOHATh, 4TO, MMes cHcTeMy OJHOBPeMeH-
HBIX ypaBHEHMI, HeJb3s OLleHMBAThH KasKJoe ypaBHEHME B OTHeJBHOCTM M3-3a TOTO,
4TO 3HAOTEHHLIE ITepeMeHHBIe BXOOAT M B JI€BYIO, U B IIPaByIO YacTh, M M3-3a TOTO, YTO
paBHOBecye oIpefiesieTcs BCeMM ypaBHeHuMAMM BMecTe. ChydaiiHas onmbOka M3 JIIO-
Ooro ypaBHEHMA IIPOHMKAET BO BCe OCTAJILHBIE, M3-3a Yero OKasLIBAIOTCA KOPPeMpo-
BaHHBI perpeccop M ciydaliHoe BO3MYILleHMe.

2. Memo0 uncmpymenmailbrblx nepemernsbir. STOT METOJ M3BecTeH M3 Kypca
HSKOHOMeTPMKHM M KPaTKO YIIOMMHAJICA B IpenbIaylllell JeKimu. B ciydae cucTeMel gnHO-
BPEMEHHBLIX YPaBHEHMII MOSKHO JIETKO IIPEAJIOMKUTE HaDOpP MHCTPYMEHTAJLHBIX IIepe-
MeHHBIX. OHM CTPOATCA KaK JMHelHble KOMOMHAIMM 3K30T€HHBIX IlepPeMeHHBIX, I10100-
paHHBIE Tak, YTOOBI He OLLIO KOPPENVPOBAHHOCTM MHCTPYMEHTOB M CJIYYalHBIX BO3-
MYIIeHN. STOT METOJ TOoKe 3aBMUCUT OT TOT'0, HACKOJBKO MIEHTU(MUIMPYEMa OlleHM-
BaeMas clcTeMa ypaBHeHMI. IIpM oTCyTCTBMM JIAaTOBBIX IepeMeHHBLIX ABYMSA OTHOCH-
TeJIbHO HIMPOKO IIPMMeHAeMBIMM BapMaHTaMM 3TOTO MIOAXoJa ABJAIOTCA TaK HasbIBae-
mble geyxinaroBelii MHK u Tpexmraroserni MHK. Mbr He OyzmeM Ha HMX CIEIMAJBHO
OCTaHaBJIMBATLCA. JTO OTHeJBHAA ITpobieMa.

b
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Bossparrasack kK BpeMeHHBIM pAZaM, MBI BUAMM, YUTO IIPY OLIEHMBAHMM MOJEJIEN, CO-
CTOAIIMX 13 HECKOJLKMUX YPaBHEHMI, BOSHMKAIOT CJIOMKHOCTM, CBABAHHBIE C HAJMUINEM
Cpeay PerpeccopoB «ONHOBPEMEHHBIX» COCTABJIAIOIIMX. KpoMe TOro, Hafo IONBITATHCH
pasmennTh IlepeMeHHBble Ha SHIIOTEHHBIE M 3K30reHHBIe. VIHorza 3To pa3niesieHue 5KO-
HOMMYECKM OIIPaBJaHO (KaK B BBIIIIEPACCMOTPEHHOM IIpMMepe), MHOrAa He odeHb. Ha-
IpuMep, OAVH U3 IIOAX0Z0B K MCCJIeNOBAHMIO 3(P(PeKTBHOCTY PBIHKA — 3TO MOAEIMPO-
BaHMe BPEMEHHBIX PANIOB KPOCC-KYPCOB PaBJIMYHBIX BAJOT M II€H PasHBIX (PMHAHCOBBIX
MHCTpyMeHTOB. Hampumep, paccMaTpmBas Kypckl pyOJas/mosnap, nposuap/espo,
py0bJib/eBpo, TPYOHO CKa3aTh, KAKOI M3 HUX eCTEeCTBEHHO BLIOPATEH SHIIOTEHHOI Iepe-
MEHHOI, a KaKye — HKB0T€HHBIMMU.

BekTopHasa aBroperpeccus

B 1980 r. Cumc [15] npenyiosnua NogxoM, KOTOPEBIL 03BoOJIAET YT OT pasfese-
HUA IIePEMEHHBIX Ha SK30TEHHBIE U BHIIOTEHHBIE ¥ MB0ABUTLCA OT CJOMKHOCTEN, CBA-
3aHHBIX C OJHOBPEMEHHOCTBIO ypPaBHeHMIL. OTOT MOAXOo[ ABJAeTCA K TOMY JKe ecTecT-
BeHHBIM 00o0IeHneM moaxona Boxkca—yxenknuca K mogesaM ARIMA u HocuT HasBa-
Hre VAR, nm eexmopuas aemopezpeccus. B npunnune cyiecrsyeT 1 VARIMA [17],
HO, KaK MBIl YBUJAMM JaJbllle, 3TO CKOpee TeopeTHUecKM, YeM IpaKTudecku. Jlya Toro,
uToOBl M30elKaTEH CMellleHMA, cBAzaHHOTO c¢ npumeHeHnem MHK HemocpezcTBeHHO K
KasKIOMY YPaBHEHMIO CTPYKTYPHON popMel, CuMC IIPeAJIoKNUII, He IPOM3BOAA JleJIeHUA
IIepeMeHHBIX Ha OK30T€HHble U 3HAOTEHHBbIE, MPEACTABUTH KaXKAYI0 M3 KOMIIOHEHT
MHOT'OMEPHOIO CJIy4YaliHOrO IIpollecca KaK JMHENHYI KOMOMHAIIMIO OT IIPeIbIIYIIINX
BHaYEHUI BCeX ITepPeMeHHBIX.

PaccvoTpum cHadasa puMep ABYMEePHOTO BEKTOpPa M TOJBKO ofHoro Jara.llycTs,

1
Harpumep, X,

CUCTEMY YpPaBHEHMI YKa3aHHOTO BUIA!

N 2
— TeMII pocTa JeHe)KHOH Macchl, a X, — meduarop BBIIL 3amumem

1 1 2 1
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3mech cirydaiiHble BO3MYIIEHNMA [IPe/IIoJaraioTes OesbIvy 1ITyMaMy, BooOlIIle ToBOPs,
KoppesmpoBaHHbIMIL. CTaHAZapTHOe obosHadeHMe 3Toii Momenn — VAR(1), rme 1 — umcio
J1aroB. PasMepHOCTHL MHOTOMEPHOTO CJIy4aliHOTO IIporiecca OOBIYHO He YKa3bIBA€ercs.
Mopens VAR(p) B MAaTPUYHO-BEKTOPHEIX 0003HAUEHNAX MIMeeT BUA:

X, =a+A X,  +A,X, ,+.+4,X, ,+&,

rie €, — BEKTOPHBIT Gesbli 1ryM co caemyrommmu coricrBavm: F(€,) =0 nma Beex t,

-

- Qs=t
cov(E,) = EF,E]) =

. Mogent cpasy BLIINMCBEIBAETCA B IIPMBEEHHON popMe.
0,s =t

OILHOBpeMeHHI:Ie KOMIIOHEHTEI He BXOOAT B IIPaBYIO YacCTh. IIJIFI paccMOTpPEHHOTO IBY-

MepPHOTO IIpKUMepa HIoJydaeM:
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1 1 1
X, (o N P B\ X N &,
2 2 2
X, o, Pn B \X, g,
—
Al

Mogens VAR(p) Hamommuaer momens ARMA, mosTomy MHOTME UX CBOMCTBa
cxoxn. Ileperminiem mogents VAR(p), ucnosbsys orepaTop Jara,

(E-AL-AL* .~ A,L")5, =&,

IIJIH YIIPpOIIIEHMA 3allviCU MBI IIpeariojaraeM, 4To HeET CBO6OI[HOI‘O 4JI€eHa, 3TO HEe
IPpUBOOUT K IIOTEpU O6U_IHOCTI/I, HO HEMHOIO COKpalllaeT 3allMCh. IIJIH paccMvaTpuBae-
MOTO IIpuMepa MOMKEM 3allMcaTh:

1-p,L -p,L xrl _ ‘911
-Bul 1-5,L Xf &‘IZ

Taxsxe, KaK ¥ B OZHOMEPHOM CJIydae, BOBHMKAET BOIIPOC, MOYKHO JIM BLIPABUTH
BeKTOp X, depes TeKyllMe U IPeIbIAyLMe BHAUEHUA BEKTOPa CJIydaiiHbIX BOBMYyILE-

HU F::t . O‘-IeBI/I,ILHO, qTo ecJIM CyLecTByeT O6paTHaﬂ MaTpulia, ToO MOXXHO 3allMcaTh:

X, 1 {1=-8,L Bl £

2 2
X, A 1321L l_ﬁnL g,
Ecnm obosHaunTh depes [ eAMHMUHYIO MATPUILY, TO ONpefeJIUTeNb MaTPUIlbI
cucremel Il =1 — A, pasen:

A=1-4,)(A-p,L) - 13121321L2 =1-(B, + B)L+(BSo — 1312:321)L2 == L)1 1),

rme (4, u fL, — cobcTBeHHBIE uMcya MaTpuipsl I1, BosMOMXKHO KOMILIEKCHbIE.

Ecsn xorsa Ob1 ogHO M3 coOCTBeHHBIX uMces] paBHO (), TO MaTpUIA CUCTEMEI ypaB-
HeHMii BBIPOKIEHA, M X, He BHIPA)KAaeTCA depes TeKylMe M MPeAbIAyLpe SHA49eHUA
BEKTOpHOro Oejoro Iryma. BelmoMHMB ycJoBuMA cTarmoHapHocTM Mogpetern ARMA(p,q),

MOKHO 3aKJIIOYUTH, YTO IIPM YCJIOBUU ‘,ul‘ <l u ‘ILIZ‘ <1 Kaxgasi M3 KOMIIOHEHT IIpO-

Ijecca ‘)_ét BbBIpayKaeTCs B BUOE 0eCKOHEYHOTO pAga Terylero M Ipenbpiayiiero 3Ha4de-

HUII KOMIIOHEHT OeJjoro ImyMma. IIoCKONBEKY K03(h(PUIMEHTBI KaKAOTO M3 PasJIoKeHMd
OyAyT yUMTBIBATH B TeOMETPUUECKON IIporpeccuy, IIo TeopeMme Bojabrna Kampaa us

KOMITOHEHT IIpoltecca X, GyZeT CTallMOHAPHOM B IIMPOKOM CMBICTIE.

s msydeHMA ycJOBMII CTaIMOHApHOCTM M cBoicTB Mogmenelt VAR(1) ynmoGmHo
ucnosbsoBaTh cBemerne mMarpui; A, u Il x mpocresinest hopme. Samernm, uTo MaT-
punel I1 1 A, ogeBumHO MMeOT OmHNM U Te Ke COOCTBEHHBIE BEKTOPHI, 4 MX COOCTBEH-
HBle 4MCJa AOIOJHMIOT APYr Apyra mo emuuuil. O0o3Ha4UMM COOCTBEHHBIE UMCJIA MAaT-
punel A, wepes A, =1—p, u A, =1— pu,. Ilosromy ycnoBue, 4To COGCTBEHHBIE YMCIa
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MaTPULIBI 11 JexaT B €JVHMYHOM KpPYyre, 3KBMBAaJICEHTHO aHAaJIOTUMYHOMY YCJIOBMIO IJIS
cOOCTBEHHBIX 4YMCe MaTPUIBI Al .

PaccmoTpuM cHaudasa corydait, Korma A, # A,. VI3 smHeitHO anreGpel MBI 3HaeM,

YTO CODCTBEHHBLIE BEKTOPHI, COOTBETCTBYIOIIME PAB3JIMYHLIM COOCTBEHHBIM YMCJaM, JIM-
HeJiHO HezaBMCUMEBL BBeneM HeBLIPOKIeHHYI0 MaTpuily C, cToJOLBI KOTOPOI SABJIAIOT-

¢l COGCTBEHHBIMM BEKTOPAaMI, COOTBETCTBYIOLMMI COOCTBEHHBIM unciam A, n A, co-
oTBeTCcTBeHHO. OG03HauMM depes A mmaroHajbHyro Matpuny diag{ A,, 4,}. Torma oue-
-1 -1 .
Bugso, uto C A C=An A = CAC . Onpesnesnm HOBBI/ BEKTOP IePeMEHHBIX COOT-
- 1= - —
normennem y, = CX,, orcroma ciemyer Takike, uro X, = Cy,. YMHOKasA ypaBHeHue
¥ =A% , +& cnesa na marpunty C ', monyunm ¥, = AP, +17j,, rme gepes 7j, obo-
[ Rt 2 | t p ny i y y; - yt,] 771’ i p 771

BHAYEH «HOBBIN» BEKTOPHBIN OeJIBIN IITyM.
B HOBBIX IHepeMeHHBIX cHcTeMa ypaBHeHMII pacliajaeTcsa Ha J[ABa OTHeJbHBIX
ypaBHeHUA!

Yi=Ay +n
yi=Ahyl ),
CBOVICTB& KOTOpBIX MOMKHO ycTaHOBI/ITB, I/ICHOJH:Syﬂ y)}ce M3BeCTHEIE HaM HpI/IeMBI.
OueBNUIHO, YTO y; un yf cyabo CTalMOHAPHBI IIPU ‘/11‘<1 u ‘/12‘<1, M, 0
KpaiiHeit Mepe, OfHa 13 KOMIIOHEHT BEKTOPa Y, He ABJIAETCA CTAllMOHAPHOIN IIpM Ha-
pylueEnn 3Toro ycaousA. IIocKOIBRY xt1 n xt2 ABJIAIOTCH JMHEHHBIMU KOMOMHAIMAMMN
ytl nu ytz, TO chIOBI/IeM CTaLU/IOHapHOCTI/I BeKTOpHOFO Hpouecca 56:1 ABJIAeTCA HaXOoXxae-
HHNe CO6CTB€HHBIX quceJi ManI/ILU:I Al BHyTpI/I € IMHNYHOT O Icpyra.
OTzeNbHOTO PACCMOTPEHNA 3acIyKUBaeT ciydait, korga A, = A,. B sToM ciaydae

IBYX JIMHEHHO HEe3aBMCHMMBIX BEKTOPOB MOXKET 1 He CYIIeCTBOBaThb, M MaTpmity A
HeJIb3A NIPMBECTY K AMAaroHaJibHOM opme. ONHAKO TOKABaHO, UTO TOTZA CYIIECTBYeET
MaTpuiia P, KoTopas mpumBoguT MaTpuily A, K Tak HasplBaeMoil jKopAaHOBOM dopme.

Mer OTPaHMYIMMCSA TOJBKO KPAaTKMM pacCMOTPEHMEM 3TOr0 IIOHATUA Ges JoKa3aTeJIbCTB.
MTaK, AOKa3aHo, dYTO CYLIecTBYeT HEeBBIPOMKIAEHHAA MaTpuia P, Tarkasg dYTo

A1
P'AP=J u A =PJP"', rne J — moppmanosa marpuia: J = o 1) Onpenenus

BEKTOp J, = Pilfét (X, = Py,), cBemeM MCXOOHYIO Mofmess K Bumy ¥, =Jy, | +1,, toe

. . . = -1z .
ceifyac BEKTOPHBIN Genblit mrym 77, = P &,. B aToM coydae cucTeMa ypaBHEHMIL:

Vi =AYt yi+m
Vi =yl +n
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He pacliafaeTca Ha OTIeJIbHBIE ypaBHEHMSA, HO BTOPOE M3 HUX MOYKeT OLIThL pellleHo U
MCCJIEIOBAHO OTHAEJBHO 0T MepBoro. OUeBMUAHO, UTO MPU YCIOBUK ‘/1‘ <1 Bropoe ypas-
HeHMe IIpeficTaBiaAeT coboil cralmoHapHyio Momeab AR(1), a mepBoe — CTalMOHAPHYIO
mozess ADL(1,1). IIpn ‘/1‘ >1 oba ypaBHenmsa HecraipoHapHbl Taxum obpasom, oba
PACCMOTPEHHBIX cIydas AT eIyHOoe YCJOBME CTAIMOHAPHOCTY! COOCTBEHHBIE HMCJIA
matpuiel A, (e IT) momkHbI MeaTsh cTPOro BHYTPH €IMHIYHOIO KPYTa.

OTOT pesyJbTaT JIeTKo 0000mmTh: Ha caydaii VAR(1) mMozmenm IIpousBOJILHOM
pasmeprocti. Ecom Bee coberBennble unesa Ay, A,,.., A, mMarpuipl A4, pasamdHbl, TO
MOZeJb pacnafiaerTcs Ha OTheJbHble ypaBHerus yi =4yl +n (i=12,. k). Ramzoe

M3 HUX CTAIMOHAPHO TOIZa M TOJIBKO TOTZa, Korja ‘/11.‘ <1. Ecan e cpemm cobeTBeH-

HBIX wnces A, A,,..,A, €cTb rpyma paBHBIX II0 BeJMUMHe, TO, 0003HAYNB UX 6es Io-
Tepu obmHocTM Homepamu 1,2,...k, TpuBogMM MozmesqB K TOMY K€ BUAY:
y,=Jy,,+1,. Matpuita J comepsKuT Tak HasbIBAEMYIO JKOPIAHOBY KJETKY S pas-

Mepa ' B JIEBOM BEPXHEM YTJIY:

1 0

0O 42 . 0 0
S =

0 . A4 1

0. 0 A

Ha raasnmoit AraroHaJin DKOpI[aHOBOIZ KJIETKM CTOAT COOCTBEHHEIE 4ncJa, repBsas
Hag-gyaroHaJb COOEPIKUT 1, a ocCTaJibHbI€ 3JIEMEHTHI pPaBHBI 0. OTI[eJH:HI:Ie yYpaBHEeHUA
CUCTEMBI IIPMHVUMAaKT BUMI!

Yi=W vl

r—1

yo =yl
v =+
v =200 w0

P k k
Vi =4V 0,

Hpeo6pa30BaHHaﬂ cucTeMa sfICHO IIOKa3bIBaeT, YTO YyCJIOBME CTallMOHAPHOCTM MMeeT TOT
JKe BUO, 9TO UM IJIA cJydvas ILByMepHOIZ MOOeJIn.
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Ous monmenn VAR(p) paccmoTpenme, monoCHOe IIPOBENEHHOMY BBILle, HEBO3-
MOKHO. JJIsg IOJIydeHUsA YCJIOBMH CTAIMOHAPHOCTY MOYKHO TOJIKOBATH Mopesb VAR(p)
KaK CHUCTEMY PasSHOCTHBIX JMHEHHBIX YPaBHEHWI € IIOCTOSHHBIMM KO3(Mh(pUIMEHTaMU U

npaBoli 9acTeio &,. ITo aHAJOrMM co CKaJAPHBIM corydaeM OymeM McKaTh ofliee perie-

HIle OIHOPOZHOI cucremsl X, —A,X, , —..— A X

X, = 0 B BUZe X, = (_f(/l)t. IlogcraBus

3TO BBIpasKeHME B ypaBHeEHUE, HOJIy‘{I/IMI
(APT+27" 4 +..+A4,)C=0.

OnHOpoHAS CHUCTeMa JIMHEHHBIX YPaBHEeHMI UMeeT HeHYJIEBble pellleHns mnpu A

1
paBHBIX cobcrBeHHBM unenam Marpusl A1+ AP A +...+ A,, Te. KopHAM XapaKTe-

pucrudeckoro ypasrerns det(A7] + A¥7 A, +... + A4,)=0.

COOTBeTCTByIOU_U/IMI/I HeTPMBMAJBHBEIMN PEIIeHUAMNM CHUCTEMEBL
(PI+27 4 +..+A4,)C=0

ABJAIOTCA COOCTBEHHBIE BEKTOPBI ee MaTpuilbl. Torja cJiaraeMoe, COOTBETCTBYIOIIEE
coOCTBEHHOMY 4MCITy A, CTPeMUTCA K HyJIIO IIPM HeOrpPaHM4YeHHOM ysesndeHun t. Ec-

JIM cpenn pXk COOCTBEHHEBIX UMCeJ eCTh OOMHAKOBBIE, TO HYXHO 3aM€HUTH B BbIpa-

= ~ t .,
JKeHMM X, = C(/l) TIOCTOSIHHBIN BEKTOD C 3zaBucCAIIUM OT BpeMeHI BeKTOPOM BUIa

- - - 5
C,+Cit+...+C_,t"" . Bo Beex ciydasx ycJoBMe CTALMOHAPHOCTY BBIPAXKaeTCA KOM-

MMaKTHO: BCe€ KOPHM XapaKTEePMCTUYECKOrO ypaBHEHMA OOJIKHBI JI€XaTh CTPOr0 BHYTPU
€IVHNYIHOTO KpYyra.

Econ ycJoBM€E CTallMOHAPHOCTYU BBIIIOJIHEHO, U cnyqaﬁHoe BO3MYIleHMe F::t obJa-

JaeT cBolicTBaMy OeJioro 1yma, TO ypaBHeHMA Mmopem VAR(p) MOMKHO OIleHMBATH
OOBIYHBEIM METOJIOM HaMMEHBIIMX KBaApaToB. Ilpudem Kaskioe ypaBHEHMe MOYKHO OIle-

HMBaTh OTAEJIBHO, T.€. CTPOUTH PErpeCcCrMi0 KOMIIOHEHTEI x; Ha IIpeanlayliye 3Ha4YeHUA

BCeX KOMIIOHEHT, BRJIOYas IIpeabIayliye 3Ha4YeHUA caMom x; . BO—HepBBIX, HeT Koppe-

JIAIMY PETrPeccopoB C BOBMYLIEHMAMY, M HET HMKAKMUX IIPOOJIEM C COCTOATENLHOCTBIO
orteHoK. KpoMe Toro, Bce IlepeMeHHLIE COBEPIIIEHHO PaBHOIIPABHBI, M IIOCKOJILKY BCe
perpeccopsl IpeIecTBYIOT 00bACHAEMBIM [IepeMEHHBIM, He BOBHUKAET IIPO0JIEM C DK-
B0TeHHOCTLIO. Takum obpasoM, oneHuBaHue Mmopeseii VAR(p) TpebyeT TOJIBEKO MHOTO-
KPaTHOTO IIPMMEHEHUA MeTOZa HauMEHBIIMX KBaJpaToB M JIETKO Peasm3yeMo B CIIe-
IMaJIMB3MPOBAHHLIX ITakeTax. OOLIYHO B KOMIBIOTEPHBIX IIpPOTpaMMax, HalIpuMep B TOM
sxe Econometric views, 3ajaeTcsa CIMCOK IIepeMeHHBIX, YMCJO JIATOB, M 3TOTO JOCTa-
TOYHO JJIA IIOCTPOEHMSA MOJIEJIN.

OpuuM 13 GONBIIMX MIPENATCTBUI IIpM IIpaKTHdecKoM npuMmeHeHmyr VAR moze-
JIe}l ABJIAETCA OUYEeHL OOJILIIIOE HMCJIO IIOMJIEKAIIMX OLleHWBAaHWMIO IapaMeTpoB. Pac-
CMOTPMM IIpoCTOii crydaii. Kak BbI 3HaeTe, cTaHIapTHAA KeHCMAHCKAA MOJEJb COCTO-
uT ns 7 ypaBHeHuil. IlepeMeHHBIEe MOZEN ABJAIOTCA MaKPO3IKOHOMMUYECKMMM ITOKas3a-
TesaMy. Ilo xKaKMM [aHHBIM BBl OyZleTe OLleHMBAThH Takyio Mopesb? Hy, He Menblre,
YeM II0 KBapTaJbHBIM. CKOJILKO JIAaTOB BHJIOYATE B Mojesnb? KoHewHO, cylecTBYIOT
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CTaTHUCTUYECK)e METOAbI OLIEHKY 4MCJIa JIaroB, HO IIONIPOOYyEM MCIIONBE30BaThL COAEpsKa-
TeJbHble 3HaHMA. SHaMeHuTas CeHT-Jlyncckasa Mofedb [2] HeMOHCTPUPYeT, 4UTO B
ypaBHeHHIe TeMIla pocTa HoMMHasbHoro BBII BXogAaT TeMIbl pocTa JeHe)KHOTO arpera-

Ta ]\41 ¥ TeMIIBI pocTa IIpaBUTEJILCTBEHHBIX PAacXOoOB Ha IIofgOepiKaHue 3aHATOCTU C

3alasAbIBaHMEM BILJIOTE J0 deThIpeX KBapTajoB. JlaBaliTe Bo3bMeM Mojelb ¢ 5 Jara-
MM, IIyCTh MCIIOJb3YIOTCA KBapTalbHble JaHHBble. CKOJBKO MapaMeTpoB HaM HaJo olle-
HUTB, ecayt MbI cTpouM VAR mogens? 5 jlaroB — 5To 3Ha4YMT D5 MaTpPUI] pasMepHoCcTH 7
Ha 7. B raxpoit 49 mapamMeTpoB, IJIIOC cTOJIOEI] cBOOOOHBIX YJIEHOB, ILJIIOC 7 IUCIIEPCUii
CJOyYalHBIX COCTaBJAIOUMX. VIToro MBI IIoJydaeM, 4TO HaZO OLleHUThL 49-5+7+7 =259
K0a(ppuImeHTOB. B KamaoM M3 ypaBHEHMI HYIKHO OIleHMTHL 37 mapameTpos. s aToro
HeoOXOIMMEBI JaHHBIe XOTA ObI JeT 3a 15. BoT ara mpocras apudgMeTnra HasbIBaeTCHA
nepenapaMerpusanueir VAR, T.e. VAR BBOAUT C/IMIIIKOM MHOTO IIapaMeTpPOB B MOJeJb.
OTO0 CBOMCTBO MPENATCTBYeT IINMPOKOMY IpuMeHeHNo VAR mopestelt.

B To xe Bpema okasaJsochk, uTo VAR mnpepcraBieHNe TecHO CBA3AHO C MCCJENO-
BaHMEM CTaI[MOHAPHOCTM ¥ BO3MOYKHOCTBIO IIOCTPOEHUS BKOHOMeTPHYeCcKUX MojeJiell c
HeCTalMOHApPHBIMM perpeccopamMy. OTo M OyZeT IpeaMeTOM HAIIETO PACCMOTPEHUS B
HOCJIESYIOIUX JeKIMAX.
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JERKIIMOHHBIE U METOQUYECKUE MATEPUAJIbBI

AHan3 BpeMeHHDBIX pHﬂOBl)
Rautoposuu I'.I'.

SakaHuMBaeTCA IMyOJMKaIMA Kypca «AHa/mM3 BpeMEHHBIX pANOB». B
3TOM HOMepe paccMaTpuBaeTcdA IIOCTPOEHNE SKOHOMMYECKUX Mofiesell ¢ He-
CTaIVIOHAPHEIMM Perpeccopamy, IIOHATHE KOMHTerpanmy 1 ee cBask ¢ VAR-
IIpeJicTaBJeHMeM MHOTOMEPHOTO IIpollecca, TeCTMPOBaHME HAaJMMYMA KOWH-
TETPaIMOHHOM 3aBMCHMOCTY, OLEHMBaHME ITapaMeTPOB MOAEJNN IIPU HaJIN-
umMy KouHTerpanmu. OTAeNBHO paccMaTPUBAIOTCA MOJENN C KJACTEPU30-
BAHHONM BOJIATMJILHOCTBIO, HAIIlEAIIME IIIMPOKOE IIPMMEHEeHMe IIPY aHaJm3e
(PMHAHCOBLIX BPEMEHHBIX PANOB.

Jdermua 14

KounTrerpamusa

Paccmorpennble o cux mop MeTonbl olfeHKM ADL-ypaBHeHMI, CBASLIBAIOIINX
HECKOJBKO HKOHOMMYECKUX ITepeMeHHBIX, MPUMEHUMEBI TOJBKO MJIA CTallMOHAPHBIX PiA-
noB. Boslee TouHO, mepeMeHHBIe MOTYT OBITH M HecTallMOHAPHBIMM, HO Tuna TSP, Torma
B KadecTBe [ONOJHUTEJLHOTO perpeccopa B IIPaBYI0 HacTh MoZeay NobaBJisfeTcs [o-
MIOJIHNUTEJILHAA O0BACHAINAA [IepeMeHHad — JIMHENHBIN TPeHJ, M OCHOBHBIM CIIOCOOOM
OLIeHMBaHMUA ocTaeTcsa MeTonl HauMeHbIMX KBazparToB (MHEK). Ecimu ke mepemeHHEBIE
ABJAIOTCA HecTalMOHapHbIMM Tula DSP (comepsxaT eIMHWYHBIN KOpPEHE), TO, KaK MbI
yoKe BUIeNV, BO3HMKAeT OIIaCHOCTh KaKYIIMXcA (spurious) perpeccuii. Pekomennmye-
MBII [0 cMX IIOp IIPMEM COCTOSJI B yCTpPaHeHMM TpeHJa B3ATKHEM IIocJefoBaTeJIbHBIX
pasHocTell 1 mansHeHmM noctpoerneM ADL-Momeny MexIy Ipeobpa3oBaHHLIMMU Ta-
KM 00pasoM IepeMeHHBIMM.

C comepoxaTesIbHOM TOYKM 3pEeHMA MOJTydeHHBble MOJAENNM OIMMCHIBAIOT TOJBKO Kpar-
KOCPOYHYIO B3aMIMOCBS3b MY SKOHOMUYECKMMHU IepeMeHHBIMM. ¥ CTPaHUB TPEH, MHI,
IO cyTH, OTKasblBaeMcA aHAJM3UPOBAThL JOJTOCPOYHOE IIOBeJeHMe IIepeMeHHO! U OoT-
puilaeM BO3MOKHOCTE CYIIIeCTBOBaHMA HOJTOCPOYHOTO paBHOBecHs AJIA HecTallMoHaAP-
HbIX HIepeMeHHBIX THna DSP. A pesyaeTaThl Hesbcona u Ilnoccepa mokKasbIBaeT, d9TO
GOJBLIIMHCTBO MaKpPO3KOHOMUYECKNX ITepPeEMEHHBIX OTHOCATCH MMeHHO K Tuiry DSP [15].
DarTUIeCKN 3TO 03HA4aJ0 Obl OTCYTCTBME AOJITOCPOUYHBIX 3aBMCUMOCTEN B MaKpPOIKO-

1) ToarororseHo npu conerictBuu HanmonaswHoro ¢onnma mnomrorosku Kampos (HDPIIK) B
pamkax nporpamMmbl «CoBepllleHCTBOBaHME IIpelloflaBaHUA COIMAJbHO-JKOHOMMYECKUX IUCIIMII-
JIMH B By3aX».

Rantopoeua I'T. — nmpodpeccop, K. pus.-mat. H., npoperrop I'Y—BIIIO, 3aB. Kacenpoil MaTeMa-
TUYECKOV SKOHOMUKM M BKOHOMETPUKM.
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HoMMKe. OfHOIN M3 IIONBITOK IIPEOZIOJIEHMA 3TOTO IIPOTHMBOPeuMA OBLIO paclumMpeHue
Ilepponom kmacca TSP-Mmogmeteli 3a cdeT IoImylleHMA KycOdHO-JIMHENHOTO TpeHIa, C
YeM MBI yiKe II03HAaKOMMJIMCh. KapauHaJBLHBIM pellleHreM IIpoOJeMbl ABJIAETCA BBe-
IenHoe I'paHikepoM 1 OHIJIOM [6, 4] IOHATME KOMHTETPAaIUIL

Ilo »sTMMoJIOrMM 3TOT TepMMH O3Ha4daeT COBMECTHYNO MHTerpalMio, M A0 CUX IIOp
COCYIIIECTBYIOT IIPAKTUKY €r0 HaIMcaHus ¢ geducoM ¥ cauTHO. HawuHeM ¢ HeCKOJBLKMUX

(bOpMaHBHBIX OHpeI[eJIeHI/HZ. HaHOMHI/IM, YTO MBI Ha3bIBaeM IIpoIjecc X, MHTEeTrP1pOoBaH-

HBIM IOpsgKa d 1 obo3Ha4aeM 3TO cIemyIOIMM obpasoM: X, ~[(d), ecau psAn ero Ko-

HEYHBLIX pasHoCTell mopanka d ABJIAeTCA CTALMOHAPHBIM. B 3THMX TepMMHAX CTalo-
HapHBIL cJIy4aliHBINi IIpollecc fABJIAETCA IIPOLleCCOM HYJEBOTO MOPAAKA MHTerpaluu, a
caydariHoe Osrysxznanne (¢ nperidom mim 6e3) — nopanra MHTErparmy 1.

Pacemorpum s Hadasa ABa BpeMeHHBIX psAfia IIepPBOro IopAfKa MHTerpaliun:
x, ~I),y, ~I(), T.e oba oHM UMEKT eAMHNYHLI KOPeHb, ABJIAIOTCA HecTallMoHap-
HBIMU pagaMy Tuna DSP. VX smHeliHaa KOMOMHAIMA, T.€. CYMMa C HEKOTOPBLIMMU KO3(-
dpuinenTamm, 7 ,=ox, + py, ~ 1), BOODOLIle TOBOPA, TOXKE ABJIACTCA PALOM IOPAOKA
uaTerpaym 1. OgHAKO MOMKET OKasaThCHA, UTO CYIIIECTBYIOT TaKue Ko3((UIMeHTHI
(a, f), 4TO JMHeJHAA KOMOMHAIMA C 3TUMM KO3(PMUIMEHTAMM OKAKEeTCH IIPOI[eCCOM
HYJIeBOTO IIOPAMAKA MHTeTpalluy, cTallMoHapHLIM CIydallHBIM IIpolleccoM. VI ecsam Taxasa
JMHeltHaa KOMOMHAIIMA cyIllecTBYeT, TO PAALI X, ¥ V, HasbIBAIOTCA KOUHMEZPUPOEAH-

HbIMU, & BEKTOP ¢ KOMIIOHEHTaMM («, /) Ha3bIBaeTCHA KOUHMEZPUPYOUWUM GEKMOPOM.
OTo ompefesyeHne JerKo o6o0IIMTE Ha oOIMii cydail ABYX PANOB MOPAAKA MHTErpa-
MM BBILIIE II€PBOIA.

IIyers mpoliecchl x, ~1(d),y, ~1(d) MMeT OIMHAKOBLIN IOPANOK MHTErpa-

mun d. Torgma ecom cyiectsyeT BekTop («, ), Takoit 4ro ax, + Ay, ~ I(d —b), t1e
b > 0, To mporecckl X, X y, Ha3LIBAIOTCA KOMHTETPUPOBAHHEIMM. VI 5To 3amickIBaeTCA
Tak: x,,y, ~ CI (d,b). llpunaro obosHauaTh 4Yepesd d MCXOIHBIA MOPANOK MHTErpa-

MM, a depe3 b — Ha CKOJBKO IIOPANOK HoHMKaeTcd Vexona ns Takmux obo3HadeHMH, B
NpesBIAYIEM cJIydae MBI MOMKeM 3ammucaTs x,,y, ~ CI (1,1). B 3Tom namboree pac-

IIPOCTPAHEHHOM CJIydae YacTo OIIyCKAalT IlapaMeTpbl B CKOOKax, T.e. NMIIYT IIPOCTO
x,,y, ~Cl.

OnpepesieHne JIeTKO MOYKHO 00OOIIMTL Ha MHOTOMepPHBIN caydail. IlycTe MHOTO-
MepHBI CIyJaliHBIN IIpollecc W, MMeeT NOPANOK mHTerpaumu d: w, ~I(d), T.e. Bce
KOMIIOHEHTEI BeKTopa ABJIAITCA IIpolleccaMM OJHOTO M TOTO JKe IOPAAKa MHTerpalmu
d, ¥ cyllecTByeT HeKOTopas JMHeMHadA KoMOMHAIMA KOMIIOHEHT BeKTOpa, KoTopas
uMeeT MOPANOK MHTerpupoBarmua d—b (b>0). Torma KoMIIOHEHTEI IIpoIijecca W, Hasbl-

BalOTCA KOMHTETrPUPOBAHHBIMM' @’ w,)~1(d—b), a BeKTOp & Ha3BIBAETCHA KOMHTEr-

pupyoonmm BekTopoM. IIpaBaa, Kak MBI YBUIVM B JaJbHENITIEM, B MHOTOMEPHOM CJIytae
MOKET CYITIECTBOBATE HECKOJILKO JIMHENHO HEe3aBUCHMBIX KOMHTEI PHPYIOIINX BEKTOPOB.
Bepuemca K coyuaro ABYX IIPOIleCcCOB II€PBOro NopAaKa MHTerpanmn. Ha mepBwii
BBIVIAJ HEIOHATHO, KaKMM 00pasoM CyMMMPOBaHME CIYUalHBIX IIPOIIECCOB MOJKET IIOo-
HMUBWUTL NTOPAAOK MHTerpaiym. OZHAKO MUaes ITOJSyIeHUA KOMHTErpalMy BecbMa IIPOCTa.
Curyanmsa HeCKOJBKO HalloMMHAeT ciaenyioinyio. IlpencraBere cebe, 4To y Bac ecTh ABe
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CJIyUalHBIX BeJWUMHBEL BooOIlle roBops, MX JMHEHHad KOMOMHAIMA TaKKe eCTh CIy-
yaliHad BesmumHa. OFHAKO OBIBAIOT TakMe cJydaliHble BEJIMYMHBI, UYTO WX HEKOTOpPad
JVHENHAaA KOMOMHAIMA MOXKeT OKasaThkCA JeTepPMMHMPOBAHHONM BesmunHoi. Hampumep,
OlIpesleMM CIYyYaliHyI0 BeJMUYMHY Y KaK CYMMY CJIYYaiHOM BeJWYMHBI Z M JeTepMU-
HMPOBAHHON BeJMuMHBL Torma JmHelHas KOMOMHAIMA CIy4YaliHBIX BeJudMH Y M Z C
KoappuimernTamy 1 M —1 COOTBETCTBEHHO, OUEBUHO, ABJIAETCH JleTePMMHMPOBAHHOM
BEJIMYMHON. AHAJOTMYHAA CUTYaIMA MOKET ObITE CO CIydaiiHbIMM HIpolieccamu. MosxeT
CYLIIeCTBOBATE MX JIMHENHHAA KOMOMHAINMA, KOTOpada ABJAETCH CTAllMOHAPHOI.

IIpesxne dyem aHamM3MpoBaTHL (POPMAJILHBIE IIOCJEICTBUA OIIpesieIeHNA KOMHTEe-
rpalMy M pasJMyHBle IIPMMEpH], AaBaiiTe PacCcMOTPMM, UTO O3HAYaeT CYIIeCTBOBAHNE

KOMHTETPUPYIOIIUX TTPOIECCOB coflepikaTenbio. Keom x|y, ~ CI (1,1), To Kamasli ns

IIPOIIeCCOB ABJIAETCA IIPOLECCOM THUIIA CJIYUaiHOTO OJIY:KIaHMA, KOTOPBIM MMeeT CTO-
XacTUYeCKMIl TpeHA. A KOMHTerpauyus O3Ha4daeT, UTO CToXacTHHecKye TPEHABI 3TUX
IIPOLIECCOB ABMIKYTCH B YHVCOH APYT C IPYTOM, II03TOMY €Ille TOBOPAT, UTO OHU MMENT
o0t cToxacTudecKuit Tpenz. Ecay nmonpoboBaTk M300pasuTh 3TO CBOICTBO rpadpde-
CKM, TO MBI IOJIYYMM CJIEOYIOUIYIO CHUMBOJNYECKYIO KapTUHKY:

A

/\A/\/\ /Y>
vV \/

T'padur nemoHCTPUPYET, YTO CYIIIECTBYET HEKOTOPOE COOTHOLIIEHNE MEKIY JIBY-
Ms SKOHOMMYeCKMMN BeJruMHaMM (JMHelHaa KoMOuHauma ox, + f, ), KoTopoe ABJAeT-

CA CTallMOHapPHBIM IIPOLIECCOM. CooTHOITIeHIe MOYKHO InepermcaTe B Buae )V, = ¥, +1/ll,

roe u, — CTaLU/IOHapHI:IIZ IIpornecc. Ecin B3ATL MaTemaTudeckoe oKMgaHme oT obenx

‘-IaCTeIZ, TO OKa3bIBa€eTCdA, 9YTO 3aBUCAILME OT BPEMEHHM MaTeMaTHMYeCKMe OXKMIaHWMA He-
CTaqMOHapHBIX IIpoLeccoB X, M Y, CBiA3aHbl eTepMMHNPOBAHHBIM COOTHOIIIEHUEM!

MeXXOy HYMM CYLIeCTBYeT [OJIOCPOYHAfd CBASb. BOT B WeM CyIIleCTBEHHAS PasHULA.
Kounrerpanmusa coBMecTMMa ¢ IIOHATHEM AOJTOCPOYHOrO paBHOBecUs. XOTA KaMKABI 13
HeCTallMOHAPHBIX IIPOI[eccOB «OJIysKOaeT» cIydalHbIM 00pasoM, Haau4Me KOMHTErpa-
LMY «3acTaBJAeT» UX «OIysKIaTh» BMecTe, He yXOIs JaJleKo IPYT oT mgpyra. Ilockons-
Ky TepPMUH «cJydaiiHoe OuysxiaHMe» IIPOUCXOOUT M3 IIIyTOYHON 3afady OIIMCaHUsA Tpa-
E€KTOPUM IIBMSKEHUA IBAHOTO B UMCTOM II0JIe, MOYKHO IIPOMJLIIOCTPYPOBATL KOMHTETrpa-
IMIO KaK ABMYKEHMEe B YMCTOM II0Jle ABYX IIbAHBIX, CBASAHHBIX BJIACTUYHBLIM KIyTOM.
Kamneni neuskerca cam 110 cebe, HO IaJleKO PasOMTHUCH OHM He MOTYT.

Ecmm xe mobas nmHelHas KOMOMHAIMA [IBYX IIPOILIECCOB SABJIAETCH HECTAIMO-
HapHOI (IIpollecchl He KOMHTErPMPOBAHEI), TO OKPECTHOCTL JIFOOOTO COOTHOIIIEHUSA MesK-
Iy HepeMeHHBIMM HabJofilaeTcA ¢ HyJIeBOIH BePOATHOCTHIO. MBI OTMeHasy, UTO OJHUM
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M3 CBOJCTB HECTAIMOHAPHOTO IIpoIlecca ABJIAeTCA DECKOHEeYHO BO3pacTalollas JIyclep-
CUA, YTO BJIeUeT 3a co00Ji BO3BpallleHMe K MCXOIHOIN TOUYKEe C BEPOATHOCTBIO HYJL U
yX0Z OT Hee CKOJIb YIOOHO flaJieko. VI mo3ToMy roBOPUTL O PAaBHOBECHOM COOTHOIIIEHUMU
0eccMBICJIEHHO C COZePIKaTeNBHON M CTATUCTUYIECKO) TodueK sperns. Ecum sKe cymecr-
ByeT CTallMOHAPHOE COOTHOIIIeHNMe, TO 3KOHOMMYECKM 3TO O3HAdaeT, UYTO OHO HabJona-
eTcsA O4YeHb YacTo, M €r0 MOYKHO paccMaTpuBaTh, KaK JOJIOCPOUHOEe paBHOBecue. A ec-
JIYI HeT KOMHTEIPUPYIOIIEr0 COOTHOLIIEHNS, TO IIPOCTO 0ECCMBICJIEHHO HABLIBATEH PaBHO-
BecyeM TO 3HadeHMe, K KOTOPOMY IIPOIlece IIPaKTUYeCK) HUKOTZA He BepHETCH.
CrenoBaTesbHO, KOMHTETPUPYIOIlee COOTHOIIIEHY€ COOTBETCTBYET TOMY, UTO Me-
SKIIY paccMaTpuBaeMbIMM BeJMYMHAMM CYIIIECTBYeT IOJIoCpodHoe paBHoBecwe. VI To-
rmga olbIad IMHAMMKA IIOBeNeHMSA IIOKasaTesell MosKeT OBIThL pasJioiKeHa Ha ABe CO-
CTaBJAIOLIME: [OJTOCPOUHOE IIOBEJeHNE M KPaTKOCPOUYHOe IoBenenue. Ilpudem mosiro-
CPOYHOE II0BeJIeHNE OIMCLIBAETCA KOMHTEIPUPYIOUMM COOTHOIIIeHMeM. IlocMoTpuM, Kak
OIMCBIBAETCA KPaTKOCPOYHOe IoBeneHMe. IIycTh KOMHTErpupyiolllee COOTHOLIIEHME
mpefcTaBifAeTc B HOPMMPOBAHHOM BUIe clefylUmM obpasom: y, =, +¢&,, TOe

g, ~WN — benpui mrym. IlockoneRy x,, ), ~ I (1) sBaarorca mponeccamu I(1), To mpo-
Lecchl UX pasHocTell Ax, u Ay, ABIAKOTCA Ipoleccamy Tuma [ (0), T.e. cTallMOHaPHbI-

mu. CofepsxaTesnbHO Ax, 1 Ay, OIMCBIBAIOT co0Ol KPaTKOCPOYHBIE M3MEHEHMA MCXOI-

HBIX IlepeMeHHBIX. [loaToMy yske 3HakoMad HaM Mojelb Kopperiym onmbramyu (ECM)
Ay, =a-Ax, + f(y, |, —,,) +V, CBASLIBAET Mexay co0Ol CTallMOHAPHYIO BeJM4M-

Hy Ay,, cTalMOHapHYI0 Ax, M CTallMoHapHOe KOMHTerpupymolllee cooTHolleHue. Ilo-

CKOJIBKY BEBIpayKe€HlNe B CKOOKax sABJIseTCS CTallMOHapPHBIM, 3KOHOMMYECKasa MHTePIIpe-
TalysAa MOoOeJ KOPPEeKIUN OLIMOKaMMI CoXpandaeTcsa TaKoi JKe, KaK ecJiu OBl ImepeMeHn-

HBle y, U X, ObLIM cTaIlMOHAPHBIMHU. KpaTKocpouHOe M3MeHeHMe IlepeMeHHON y, 3aBU-
CUT OT KPaTKOCPOYHOTO M3MeHeHMs [IepeMeHHOl X, M OT OTKJIOHEHMA OT IOJrocpod-

HOT'O pPaBHOBECUS B HpeIU:IILyU_U/HZ MOMEHT BPEMEHI. To ecTb BBOOUTCA HKOPPEKLIMA B
3aBMCHMMOCTHM OT TOro, Ha CKOJIBKO II€peMeHHBI€ OTKJIOHMJIMCEH OT CBOETro OJITOCPOYHOTIO
paBHOBECHS. HaHOMHI/IM, YTO SKOHOMMYECKM TaKoui IIoaxXo oKa3aJicd O4YeHb IIJIoO0-
TBOPHBIM. BI:IFICHI/IJIOCI:, YTO MOYKHO B OJHOM YpPaBHEHMM COBMECTUTH BMeECTE KPaTKO-
CPOYHOE€ M OOJITOCPOYHOE IIOBEOEHUE. OTMeTI/IM, yro ECM umeet OVH U TOT e BUL
KaK OJid CTallMMOHapPHBIX, TakK M JIA HeCTallMOHAPHBIX, HO KOMHTETPMPOBAHHBIX II€pe-
MEHHEBIX.

Tenepr ybemumcsa, YTO KOMHTETPMUPOBaHHLIE IIPOIlECCHI CYIIIECTBYIOT. PaccMoT-
puM, cienya OHrIYy u I'pamixkepy [4, p. 263], caenyromnii npuMep. IlyceTe caydaritble
mpolteccsl X, u Y, ompefeleHsl cienywooiuMm obpasom. X, + Y, =u,, X, +ak, =v,.
Tycre Takme u, =u, , +6, W v,=pv,, +&,,T0e g, U &, — HEKOppemupo-
BaHHBIe Oejble HTyMelL Ilpm ycsoBum, 9TO | ,0| <1, v, ABNAeTCcA cTallMOHAPHBIM IIPO-
IeccoM, a #, — caydaiineiv Omyspanuem 6es mpeiidpa. Jpyrumu cnosamm: u, ~ I(1),
v, ~ 1(0). CoBmecrHoe pacmipefesienne X, u ¥, TOJHOCTHIO ONpeJeNAeTCS TIpUBE-
JeHHBIMM ypaBHeHMAMM. OTMeTMM, YTO MMeeT CMBICJ PaccMaTPMBATL MOMEJNL TOJBKO

opu o # f, TaK KaKk MHAYe CHCTeMa IIPOTHBOPEUNBA.
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Onpenenmm nopAmoK mMHTerpamym mnpomeccoB X, u Y,. Hus sroro nepelinem or

CTPYKTYPHOM K IIpMBEJIeHHOI hopMe Mofesy, T.e. PaspelIMM CHCTEMY OTHOCUTEJIBHO
X, un Y,. Ilonyyaem:

a
X, = u, — P v, ~1(1)
a-p a-p
1 1
Y, =- u, + v, ~I()-
- p - p
OueBnaHo, 4TO KaAblli U3 mpolleccoB X, M 1, ABIAeTcs IpolleccoM IIePBOTO
ropAnKa MHTerpalluu. B To ke BpeMs, 049eBMIHO, UTO CyIlecTBYeT MX JIMHeNHad KOM-

Ounanma X, +af,, paBHasA cTalMOHAPHOMY IIpolieccy, IO3TOMY OHM fABJIAIOTCA KOMH-

TeTPUPOBAHHBIMY B CMBICHIE paHee JNaHHOTO ompenenenus. [lostomy X, Y, ~ CI (1,1).

IlpuBeneHHLIN IIpOCTOIl IpUMep IOACKA3bIBaeT, UTO CBOMCTBO KOMHTETpaluu
CBA3aHO C IIpeJicTaBJIeHeM MHOTOMEPHOTO CJIydaliiHoro IIpollecca B BUe JIMHENHON MO-
mesm. OcobeHHO yOOOHBIM OKasaJjoch Mcronb3oBanue VAR-monmesmu. Hanmume mmm ot-
CyTCTBME KOMHTErpaluy MOKHO YCTAHOBUTL 10 3HAUEHMAM XapaKTepUCTUUECKUX KOp-
Heit VAR-mozeJ.

Haunem c mpocretitero caysaa monemn VAR(1) nna nBymepsoro nporiecca. Co-
XpaHAa obo3HaUYeHMUA [IpedbIayIell TJIaBbl, PACCMOTPUM MOZEJNh

X! o Lu Pn X! e!
' 1 11 12 1 '
2 + » |1 2
X f &, ﬂ 21 ﬂ » NX -1 &,
;_T__/
Al
B npenrvinyineii ryiaBe MblI yiKe MCIIOJIL30BaJM IIPUBeNeHMEe CHCTEMBI K IIpocTeli-
el popMe, NIPUMEHSA IMATOHAJBHBI By Marpunbl A, 1A ciaydas, Korga cober-
BeHHBIe YMcJia 3TOM MaTpullbl pasianyinbl. OKasbiBaeTcd, 9TO IIpeAcTaBleHye I03BoJIAET

MCYePIILIBAIOIIlE VICCIIEIOBATEL CBOMCTBO KOMHTETPAIINL
Bes motepu ofiHocTy neperizieM K IIeHTPUPOBAHHBIM IepeMeHHBIM. IIycTes cob-

cTBeHHBIe uycja MarTpuusl A, pasmmuser A, # A,. Kak u B npegbiayiueit Jieximu,
oTTpesIeM BEKTOP HOBEIX NepeMeHHBIX cooTHomemmeM v, = C 'X,, rme C — maTpuia,
CTOJIOLIBI KOTOPO} ABJIAIOTCA COOCTBEHHBIMM BEKTOPaMM, COOTBETCTBYIOIIMMMU COOCT-
BEHHBIM 4mcjiaM A, U A, COOTBETCTBEHHO.

B HOBbIX mIepeMeHHBIX cucTeMa ypaBHEHMII pacnafaeTcs Ha [ABa OTHAeJBHBIX
YpaBHEHUHA:

1 1 1
Yo =y,
2 2 2
yt :/123’:71+77:’
rage depes ﬁz o0osHaYeH HpeO6paSOBaHHBIIZ BeKTOpHBIVI OeJibIit LIIyM.

Kak MbI YiKe YyCTaHOBMJIM paHee, €CJiM XO0TA ObI OJHO N3 COOCTBEHHBIX UIMCe] Ipe-
BBIIIIAET II0 MOAOYJIIO €OVHUITY, TO XO0TSA OBl OdHa M3 KOMIIOHEHT BEKTOpa j}l He IIPUBO-

ANTCA K CTallMOHaApPHOMY IIpOLlecCy B3ATUEM IIOCJIeOBATEJIBHBIX paSHOCTeﬁ. Ho TOoTga

3TUM CBOMCTBOM O6JIaILaIOT ¥ KOMIIOHEHTEI IIporiecca 561’ TaK KaK e€ro KOMIIOHEHTHI fAB-
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JIAIOTCA JIMHEMHBIMU KOMOMHAIMAMYM KOMIIOHEHT BEKTOpa )7[ (HaTTOMHUM, YTO 561 = Cj/l ).
IloaTomMy B pmasbHeliileM Mbl He OyzeM paccMaTpUBaThH CIydall «B3PBIBHOM» HeCTaIlMO-
HapHocTH. Ecym sKe 0ba KOpPHA II0 MOAYJIFO MEHBIIle eIMHUITHI, TO KOMIIOHEHTEI IIpollec-
ca X, ABJATCA CTAlMOHAPHBIMY, M BOIIPOC O KOMHTErPAIlMI He BOBHUKAET.

Iycre Teneps A, =1 u |/12| <1.Torma y} ~I(Q), y} ~1(0), u obe KomrmO-

HEHTBI BEKTOpa X KaK JIMHeNHbIe KOM6I/IHaLU/H/I IIPOLIECCOB HYJEBOTO M IIEPBOTO IIO-

ts
PAOKOB MHTerpanmu, 6y,Z[yT IIEPBOro IIOpAAKa MHTETpPalN. Ho menbssa 38.6I:IB3.TI:, qTo

CIIpaBeaJmnBO 1 O6paTHOef KOMIIOHEHTEBI BEKTOpa j;l ABJIAIOTCA JUHEMHBIMU KoMOuUHa-

IMAMNM KOMIIOHEHT BEKTOpa )—él' CJIeILOBaTeJH:HO, cyllecrByeT JIMHeHaA KOM6I/IH8.LU/IH

2

mpolleccoB X, M X, , TIepBOTO TIOPANKA MHTETPAITAM KAasKIbll, ABJIAIIAACA CTAINO-
HapHBIM IIporieccoM. KoadpduiimenTs! 9TOM JIMHEHHON KOMOMHAIIMYM ABJIAIOTCH BJIEMeH-

o - 1
Tamu BTOpoli cTpoky MaTpuipsl C . B COOTBETCTBMM C OIpe/eJieHNeM IIPOLECCHl X, U
2
X, KOMHTETPUPOBaHBL
B npeppigyineil Jexkummu Mbl BBeJ B paccMmorpenme marpuny 11 =7 — A, u or-
MeTMJIM, YTO COOCTBEHHble BeKTOpbl MaTpurl I1 m A, coBmagaior, a umx cobcTBeHHbIE
4yycJa JIONOJHAIT APYT Apyra Ao eauHuILL IloaToMy ycioBMe HaJMWYMUSA OJHOTO eAy-

HUYHOTO COBCTBEHHOTO 4YMCJIa Y MaTpuLbl Al O3Ha4daeT HaJM4dMe OOAHOI'0 HYJIeBOTro cob-

CTBEHHOTO 4YHMCJa y MaTpPUIbL H, a 39To, B CBOIO O4uepenb, SKBMBAJIEHTHO PaBEHCTBY
eMHNMIe paHra MaTpPUIbI II. MCHOJH:Syﬂ AraroHaJibHO€e IIpeJicTaBJIeHVe MaTpPUIIbI H,
rmoJy4yaeM:

O=cC 0 0 C- = ¢y ¢ |0 0 n Cn | _ (1=2,)cy, (~ ~ )
o a-2 - 0 d-iple, &, ) la-2 O
a-4,) Cyu Cny A=A NC ©€x A=2y)ey

3neck epes c; obosHaUYeHbl dJeMeHThl MaTpuilsl C, a yepes 51.]. — BJIeMeHTEI
maTpuisl C ~'. ObpaTum BHMMAaHMe, uTO MaTpuila Il pasjoskeHa B IIpousBeleHME

(dbarTOpM30BaHA) ABYX MPAMOYTOJLHBIX MAaTpPHUIl BEKTOPa-CTOJIOA Ha BEKTOP-CTPOKY,
IpudYeM BEKTOP-CTPOKa IIpeJCcTaBJIfAeT co0oll KOMHTerpupywooumil BexkTop. Emie pas
IIOYEPKHEM, YUTO HTO IIPOCTO BTOPas CTPOKa MaTpulbl, o0paTHOM MaTpulile, COCTaB-
JIEHHO! 13 cOOCTBEHHBIX BEKTOPOB MaTpuubl 1.

Iycts Termeps A, = A,. B 5ToM ciiyyae, KaK MBI yiKe YIOMMHAJM, CYIIECTBYET

-1 -1
HEeBLIpOMKIeHHaA marpuiia P, takasa yro P~ AP =J u A =PJP "~ | rme J — smop-
A - e = -

JaHoBa MaTpuna: J = o 4l Ompepmenus BeKTOp ¥, = P7'X, (X, =Py,), nony4aem

CI/ICTeMy COOTHOIIIEHNI !
Y, =AY+ v+,
Y=y o+
IIpn |/1| <1 BTOpoe ypaBHEeHMe NpeACTaBJAET cO0OM CTAIMOHAPHYIO MOZEJNb

AR(1l), a nepBoe — cranumoHapryio Mozmeats ADIL(1,1), 1 o KoMHTerpauum pedb He MIeET.
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- 2 o
Ecom e A =1, To u3 Broporo ypaBHEHUA cJelyeT, YTO j ' ABJIAETCA CJIydaiiHbIM
6rymnammem, Te. V. ~I(1). TlockoqbKy TIIepBoe YpaBHEHNMe CBOIMTCA K BUIY
Ay, =y}, +1), To INA MOCTMMEHNA CTAI[MOHAPHOCTU HYKHO eIlle Pas B3ATH ITOCJe-

IOBaTeNLHYIO PasHOCTb. OTO O3Ha4aeT, 4Tto Y, ~ I(2). IlockomeKy X, =Py,, ero ofe

KOMIIOHEHTHI ABJIAIOTCA IIpolleccaMy IopAara uHTerpammm 2. B To 'Ke BpeMsa cyliecT-
. 2 o

ByeT UX JIMHelHaa KoMOwHaumsA (), ), dell HopAnok mHTerpaimy paseH 1. Ciemosa-

TeJIEHO, HTU KOMIIOHEHTHI KOMHTETPUPOBaHbL: X;,X, ~ CI (2,1). O6a cobCcTBEHHBIX Ymca
MaTpuusl [1 paBHBI B 3TOM cjaydae HYJIO, & ee paHr paBeH 1. B aTom ciydae maTpuia

M=p 0 -1 pl = Pu Pn |0 -1 fn flz _ —Pu ([321 522) TaKIKe
0 0 Py Pu N0 0 APy Dy — Py
arTOpUsyeTCA B IIPOUBBEJIEHNE IPAMOYTOJLHBIX MATPUL], M BTOpas U3 HUX AaeT KO-
MHTETPUPYIOIMI BEKTOP.
Haxouerr, npu paBeHCTBe COGCTBEHHBIX YyceJ MOMKET TeM He MeHee CYIIeCcTBO-
BATH [IBa JIMHEMHO HE3aBUCUMBIX COOCTBEHHBIX BEKTOPA, COOTBETCTBYIOIIMX 3TOMY COG-

CTBeHHOMY uucay. B sTom ciydae marpuiisl A; u I1 OpUBOSATCS K [AMATOHAJLHOM
dopme, u cucTeMa ypaBHeHMSI IJs BeKTopa J, NpUHUMaeT BUL: YV, =V, +7],,
vy} =yl +n}. Obe xommonents! otHocATcA K Tumy I (1), mosTomy obe KOMIIOHEHTEI

BeKTOpa X, Takme orHocATca K Tumy I (1), a KomHTerpupymoieit KomMOGuHAIM HeT.

3ameTnM, yTo MaTpulia I1 B 3ToM cIydae cocTOMT M3 OJHUX HyJIel, u ee paHr paseH 0.
Teneps pacemoTpuM ciydait mogem VAR(1) 1A TpeXMepHOTO CIIydaliHOTO BEK-

Topa, MaTpuia A, umeer 3 coOCTBEHHBIX 4Mcja, ¥ HabOp BOBMOMKHOCTEN HECKOJBKO
pacumpsaerca. Haunem co caydas, xorga ‘/11‘ <1, |/12| <l, 2,=1wnu A, # 2,. Torma
maTpuria C 13 cOOCTBEHHBIX BEKTOPOB CYIIECTBYET, M CHUCTEMa YPaBHEHMI IJIA KOM-
IIOHEHT BeKTOopa Y, paclajaeTcdA Ha OTAeJbHEIE yPaBHEHNA!

Vi =My,
yi=Ayhi +n}
yi=yi o+

OueBnHo, 4To TpeThs KoMmiioHeHTa Oymer tumna I (1), a gBe ocrajbHble — TUIA
1(0) . TloaTomy Bce KOMIIOHEHTBI BeKTopa X, Oymyr tTuma I (l), B To ke BpeMA OBe UX
JMHelHble KoMOMHAITNM, COOTBETCTBYIOINIE TIepeMeHHbIM V) u V., GyayT cramuoHap-
HEIMM. DTO O3HAYAET, YTO ITepeMeHHEIe X, X, X, KOMHTErpPUpPOBAHEI, U CYIIECTBYeT
IIBa JIMHEHO He3aBMCHUMBIX KOMHTEIPUPYIOIMX BeKTOpa. OTK OBa BeKTopa olpenesia-
I0T JIMHEHOe IOAIPOCTPAHCTBO, KAKABINM BJIeMEeHT KOTOPOro 0yZeT KOMHTErPUPYIOIIMM
BEKTOPOM. OTa CUTYyallMA IPEATCTBYEeT HEIOCPEeACTBEHHON MHTEepIIpeTallMy KOMHTET-
PUPYIOIINX BEKTOPOB KaK MOJTOCPOUYHBLIX 3aBUCUMOCTEH MEKIY IepeMeHHLIMM, BeIb

Telnepb TaKMX COOTHOIIEHHMIT O€CKOHeYHO MHOTO.


file:///-p21J

86 SKOHOMMWYECKNI JXYPHAJ BIID Ne 1

Panr MaTpPULIBL I1 paBen 2 U BHOBb COBITajgaeT ¢ 4YMCJIOM JIMHEIHO He3aBUCUMBIX
KOMHTETPUPYIOILIIMX BEKTOPOB. Huuero IIPVMHIIUIIMAJIBHO HEe MeHdAeT cnyqaﬁ, Korga

A, = 2,. B aTom crydae v mo-mpexuemy mportece Tuma I(1), ¥y} — tvma 1(0), a
y,1 onpepesderca Mozmenbio ADL(1, 1) u Taxke ABJAETCA CTAllMOHAPHBIM, T.e. THUIIA

1(0) . Bce KOMIIOHEHTEI BeKTOpa X, ABJIAIOTCA mporeccamy tuna I (1), a mepemennble

2 3 o
Yy, mn Yy, ABJAITCA CTallMOHAaPHBIMI JIMHEVNHO He3aBUCUMbIMU KOM6I/IH3.LU/IFIMI/I KOMIIO-

HEHT BeKTopa X,, T.e. CYIIecTByeT IBa JIMHENHO HeBaBUCHMBIX KOMHTETPMPYIOIIMX
BeKTOpa.
Matpunia Il Jjerxo npusoguTcsa ambo K AMAroHAJBEHOMY BUIY:

1-4 0 0 1-2 -1 0
0 1-4, 0| mMOOKBMAY | ( |_; (|, IO HA€T COOTBETCTBEHHO
0 0 0 0 0 0
-2 0 0 (1)
m=c| o 1-4, olct={a-p[1| a-21)l2 ( j
0 0 0 (2 )
-2 -1 0 (1)
mo [T=P 0 1-4 OP'=|0-D1] A-1|2]|-]1 ( j
o 0 0 (2

Yepes |1 | u | 2 | obo3HAYUEHBI [IEPBEII M BTOPOI cToJbnel MaTpune! C mm P, a

depes ( 1 ) u ( 2 ) ~ COOTBETCTBYIOIIME CTPOKM MaTpumbl C ' mmt P,
B oboux cayuasx matpunia [1 pasioskeHa B IpousBefeHMe NPAMOYTOJBHBIX MATPUII
pasMepHOCTEIO (nx7) M (¥ X71) COOTBETCTBEHHO, TZle N — PasMepPHOCTH BEKTOpa X,, & T —

panr matpuisl 1. ITpy 3TOM CTPOKM BTOPOM M3 MATPHUI] ABJIAIOTCH KOMHTETPMPYIOIIIMMI
BeKTOpaMy. B jmTepaType H0o4eMy-TO IPUHATO 0003HAYATE HTU MaTPUIEI CTPOYHBIMMU

rpegeckumy GykBamu « u A, u darTopusaima samicsBaeTes B Bume I1=af’ .
Temeps paccMoTpuMm caydaii, xorma A, =4, =1, a |/13| <1. Ecomm mpu sTom
KpaTHOMY coGcTBeHHOMY unceny A, =1 cooTBeTCTByeT TONBKO OIMH COGCTBEHHBIN BeK-

TOpP, TO cucTeMa ypaBHeHI/IIZ AJIS1 BEKTOpa )_}t = Pil)_C»t IpuMHMMaeT BUI:
1 1 2 1
yt - yt—l +yt—1 +gt
2 .2 2
yt - yt—l + gt

3 3 3
yt :ﬂ3yt—1 +gt'
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3 2 1 =
OueBUAHO, YTO v, ~I0), y;, ~I), y, ~1(2). Bce xKommoHeHTEI BeKTOpa X,
oTHOcATcA Torga K Tuity 1(2), u cyllecTBYIOT ABe KOMHTETPUPYIOIIe JIMHENMHBIE KOM-
2
Ounamym. OpHa M3 HMUX, COOTBETCTBYIOUIAS V, , IOHMIKAET IOPALOK MHTerpammu mo 1,
3
a BTopas, cooTBeTCTBYWINaA V, , moHMkaeT nopanok o 0. Paur matpunsl Il paseH 2,

T
ee daxropmsarma B Buge [1 = aff* omnsars umeer mecro.
Ecnm ke KpaTHOMY €IVMHMYHOMY COOCTBEHHOMY B3HAYEHMIO COOTBETCTBYET ABa
JIMHENHO He3aBMCHMMBIX CODCTBEHHBIX BeKTopa, To VAR-Momesb Aja BeKTOpa y, pac-

magaeTcsa Ha ypaBHEHUA OJA OTAEJBHBIX KOMIIOHEHT.

1 1 1
yt:yt—1+gt
2 2 2
yt:yt—1+gt

3 3 3
yt :ﬂ3yt—1 +gt'

Torma y. ~1(0), v}, y} ~I(1). KoMIoHeHTE BeKTOpa ¥, OymyT mpoljeccammu
turia I(l), u cyilecTByeT JIMINL OfHA KOMHTETPUPYIOIIAA KOMOMHAIIMA, COOTBETCT-

3
Bytomnas V, . Panr matpuier I[1 paBen 1, m oHa MosXeT ObITB IIpeJiCTaBJIEHA B BUIE

IIPOM3BEIEHNA BEKTOPa-CTOJIOa HAa BEKTOP-CTPOKY, KOoTopasd M SABJSAETCH KOMHTErpu-
PYIOILIMUM BEKTOPOM.
Octrajock paccMoTpeTh ciydait, korga A, = 1, = A, = 1. OToMy TpexKpaTHOMY

COOCTBEHHOMY YMCJY MOYKET COOTBETCTBOBATL OAWMH, NIBA MJIM TPU JMHENHO He3aBUCH-
MBIX COOCTBEHHBIX BeKTopa. Ecsm Takoil BeKTOp OOMH, TO IJIA BEKTOPa ), IOJNYHaeTCA

cJenymlnasa CcucreMa.
1

Yi=Yiatyi+n,
yi=yihioryioen!
yi=ylii+n
Kowmmosenta y’, ~ I(1), xommonenta ., ~ I(2), u xommonenta y, , ~ I1(3).
Bce KOMIOHEHTHI BekTopa X, OymyT Tuma I(3), 1 cyliecTBYyeT IBe KOMHTETPUPYIOILe
KOMOMHAIY, MMeoIIe MOPANOK MHTerparmm 2 (cooTBeTcTByeT Vv, ) m 1 (cooTBeTct-

3 o
ByeT ), ). Paur marpuisl Il BHOBB paBeH UMCIY JMHENHO HE3aBMCUMBIX KOMHTEIPU-

PYIOLMX BEKTOPOB, T.€. IBYM.
Ecnm cobcTBeHHOMY tMCIy COOTBETCTBYET ABa COOCTBEHHBIX BEKTOpa, TO IJIA
BeKTopa y, ToJyHdaeTcA ClefylOlllad cHCTeMa!

1 1 2 1
Y=V tyoa+tn,

2 2 2
yt = yt—l + 771
3 3 3
Y = Vi + n-
Kowmmonerntsr y, ,, ¥y, , ~I(1) u wommomenta y,, ~1(2). Bce KOMITOHEHTHI

BeKTOpa X, OymyT Tuma [ (2), u cyllecTByeT TOJBKO OfHA KOMHTErPUPYIOAd KoMOU-
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HAIMA TIOPAAKa MHTerpamvm 1 (cooTBercTByeT V). Pamr marpumer I1 BHOBbL paBeH

qucIy JIMHEIHO He3aBUCUMBIX KOMHTETrPUPYIOIIIMX BEKTOPOB, T.€. € AVMHUILIE.
HaKOHeLI, ecJIn CO6CTB€HHOMy YMCJYy COOTBETCTBYIOT TPN JIMHEHO He3aBUCUMBIX

coOCTBEHHBIX BEKTOPA, TO CUCTEMa ypaBHEHNI JJA BeKTopa Y, pacnajgaercd HA 3 OT-

OeJIbHBIX ypaBHEHMA:

yi=y,o o+,
yi=yli+n!
yi=yli+nl.

Bce KOMIIOHEHTEI BeKTOpa ¥, ABJAITCA MHTETPMPOBAHHLIMI IIpOLieccaMi MOPAL-
Ka 1. Bce KoMIIOHEHTEI BeKTOpa X, Take OymyT tuma /(l), u He cymecTByeT HU Of-

HOJ KOMHTerpupyrorei komonaarym. Paur matpuisl 1, cocrosarmesi Teneps M3 oJHNX HY-
Jieli, BHOBb PaBeH YMCIIy JIMHENHO He3aBUCHMBIX KOMHTErPUPYIOIIMX BEKTOPOB, T.€. HyJIO.

OxasblBaeTcd, pesyJbTaT PAacCMOTPeHMA yAoOHee M 3Je€raHTHee BBIPABUTHL B Tep-
MMHAX paHra mMaTpuibl [1, 94eM B KoJu4ecTBe eOVHWYHBIX KopHeil matpuubl A,. Mer
paKTUHEeCK) YCTaHOBMJIM, UTO €CJIM IBYMEPHBI MM TPeXMepPHBI CIIydYaliHbIN IIpoIiecc
uMeeT IIpefcTaBiieHne B Buae Momesm VAR(1) u cpenm ero xapakTepUCTUUECKUX KOP-
HeJl HM OJVH II0 MOZYJIIO He IIPEBBIIIAET €IVHMUIILI, TO KOJINYECTBO KOMHTETPUPYIOLINX
JIVHENHO HEe3aBMCHUMBIX BEKTOPOB MEMKY KOMIIOHEHTAMM IIpollecca B TOYHOCTM PAaBHO
paury matpuisl 11 =1 — A, . IIpu 5ToM BoBCce He 0653aTeNBLHO TIOJB30BaTECA VAR-Mo-
JleJIBI0, BaYKHO JIMIIL, YTOOBI MHOTOMEpPHBIN nporecc pomryckaa VAR(1) nmpencraBieHue.
Cpasy oTmeTuMm, 4yTo paHr MaTpuisl [1 paBeH uMcIy HYJIEBBIX COOCTBEHHBIX HMCEJI
3TOM MaTPUILIBL

OcraJiock 0000IIMTL HTOT BBEIBOJ Ha CJIydall Iiporiecca Ji00OM pasMepHOCTH M
obiryio momens VAR(p). ObGoblirieHne Ha MHOTOMEPHBIN IIpollecC AOCTATOYHO OUYEBUIHO
M3 LENOYKY NPeABIAYIIMX paccyskaernil. V, HakoHell, paccMOTpuUM oOIIMil corydail Mo-
nemn VAR@P) y, =4y, +..+ Apj/tip +¢&,. OTO ypaBHEHNe MOXKHO IIepercaTb B

IPYTOM BUe IIOCJIe TaKMX Ke [Ipeo0pasoBaHMil, KaKk M IIpu BeIBoAe ypaBHeHusa ADF-
TecTa!

Aj}t = _Hj}t—l +B1Aj}t—1 +.. +Bp—1Aj}t—p+1 +§t'

Spmece matpuna Il =1-A4, -4, -..-A4,, a maTtpuniel B,,.., B BBIPasKaKTCA de-

P’ p-1
ya
cyemyooumM obpasom: B ;== z A, . lokazaTeJbCTBO TOTO,
i=j+1
YTO HaJM4Me KOMHTErpalMy CBA3AHO C BBIPOMKIEHHOCTRIO MaTpuilsl I1, mm, GoJjee
TOYHO, YTO KOJMNUYECTBO KOMHTETPUPYIOUMX BEKTOPOB B TOUHOCTHM PaBHO PaHTy MaTpu-
uel I, TpebyeT McHosb30BaHUA OJIOUHBIX MATPUI] M OCTAHETCA 3a PAMKaMM HAIIIETo
Kypca. JJoKkasaTeIHCTBO MOJKHO HaliTH, HATIpUMeED, OJA p = 2 B yueOHuKe »xoHCTOHA 1
Odu Happo [12]. Vinesa moxasaTeJbCTBa 3aKJII0UaeTCA B CTAHOAPTHOM CBEIIeHUM CUCTe-
MBI PasHOCTHBIX YpaBHEHMI IIOpARKa p AJA 7 IIepeMeHHBIX K clHCTeMe pPasHOCTHBIX

pes mMatpuipl 4,,.., 4,

ypaBHEHMIT IIepBOro IMOPAAKA, HO AJA pn nepeMeHHBIX. MaTpuila mpeobpasoBaHHOIM

cucTeMbl 00Jas1aeT OJIOYHOM CTPYKTYPOI, a XapaKTepyucTUUIecKe YPaBHEHNA UCXOTHOM
¥ IpeodpPasOBAHHOM CUCTEM COBIIAJAIOT. JTa HacTh JOKA3aTeNbCTBA M ABJIAETCA Hau-
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Gosee cioskHOM TexHMYecku. [JIA MCXOOHOTO ypaBHEHNA, KaK Mbl YiKe YIIOMMHAJM, Xa-
pakTepucTUHecKoe ypaBHerue umeer Bum: det( AP1 — AP A4, — .. — A,)=0. Cnenosa-

TeJILHO, CYIIIeCTBOBaHME E€IMHNYHOTO KOPHA Y MCXOOHOTO ypPaBHEHMS 3SKBUBAJIEHTHO
CYLIIECTBOBAHMIO HYJEBOTO KOPHA y BbINeNpuBeneHHo MaTpuiel 1. C momoinsio pac-
CYSKIIEHMI, aHAJIOTMYHBIX IIPOBEJEHHBIM BBIIIIE, MBI IIPUXOAUM K CJIENYIOIIEMY BaKJIO-

wenmio. Panr matpuptr [1=17- A4, -4, —... — A, paBeH 4nucyy NUHENHO HE3aBYUCUMBIX

KOMHTErPUPYIOIIMX BEKTOPOB. OTOT IIOKasaTeJb IIPUHATO HaSBIBATE KOUHMEZPUPYIO-
WUM PAH2OM.
VUrak, ecom MeXKIYy KOMIIOHEHTaMJM BEKTOPA ¥, CYIIECTBYIOT KOMHTETPMPYIOLIe

COOTHOIIIEHMA, TO WMX KOJMYECTBO PABHO KOJMYECTBY HYJEBLIX COOCTBEHHBIX dYMCeI
MaTpuilbl [, mpudYeM He Bce KOMHTETPUPYIOIIME COOTHOIIEHMA NAIOT CTAIMOHApPHBIE
JUHelHEIe KOMOMHAITAN.

Jderxmusa 15

Kounrerpanmonnas perpeccusi M TECTHPOBAHNE KOMHTErpPALAN

o cux mop MBI paccMaTpPMBaIM KOMHTErpPaIMIio KaK HEKOTopoe cyrybo TeopeTu-
4Jeckoe cBoMcTBO. IlocMOTpMM, UTO MeHseT HaJWUMe 3TOrO CBOMCTBA MAJISA OlleHMBAHUA
perpeccuii ¢ HecTaIMOHAPHLIMM II€epPEeMEHHBIMI. BepHeMcsa K pPacCMOTPEHHOMY B IIpe-

OBIOYIUel JeKkiym npumepy I'psHokepa n OHIJIa! ciaydalidble Iporecchl X, u Y, ompe-

JleJIeHBI CIIeYIOLIMMM cOOTHOeHuamm: X, + fY, =u,, X, +al, =v,, roe U, =u,, +&,,
uv,=pv,, +¢g, (g,ne, — HeKoppelupoBaHHble Oesble ITyMbl). Mel yike ycTaHo-

B, 9To X, 1 ¥, KouHTerpmposaHel llycTs y Hac ecThb BeIGopKa obwema T mu3 obemx

nepeMeHHEBIX. llompoOyeM IOCTPoUTL OOBIYHYIO perpeccuto X, Ha Y, MeTomoM Hau-

MEHBIIIMX KBaIApaToOB. Kak mml IIOMHMM, B 3TOM CJy4Yae CYIIeCTBYeT OIIaCHOCTH IIOJIy-
YMTE B pe3yJbTaTe KaXYIIYIOCA perpeccuro. y,ZU/IBI/ITeJH:HaH Belllb 3aKJI4YaeTCAaA B

caenymwiem. Hecmorpsa Ha To, uro X, m Y, sBjsAioTceA npomeccamy Tima [ (1), oKasbl-

BaeTcs, UTO B CJydae, ecJM IIpollecchl KOMHTerpupoBansl, oifeika MHK roaddurmen-
TOB Perpeccuy CTAHOBUTCHA COCTOATENBHON. V MOMKHO, HECMOTPA Ha HeCTallMOHAPHOCTh
IIepeMEHHBIX, IPYMEHATE OOBIYHBIE PETPECCUOHHBIE METOMEL

HJaBajiTe mocMoTpuM, nodemy 3To Tak. OlleHKa K03(UIMeHTa HAKJIOHA B per-

pecam X, =a+yY, +&, OyneT BbIpaskeHA MSBECTHHIM BbIpajKeHNEM ; - L’J:’ Ilo-

>y
CKOJH:Ky MaTeMaTU4deCKMe OXUIaHUA O6eI/IX HepeMeHHBIX paBHBI HyJHO, MOYXHO 3aMe-
HUTBH B 9TOM BBIPaKeHUM CTPOUHBIe OYKBBLI IIPONMCHBIMU. JIcIIosb3yeM IpUBEeLEHHYIO
dopMy Halllelt CUCTEMBI:

a p
X =—u ————
! a—ﬁu’ a—ﬁvl
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Ncnonesya Teopemy Coryrikoro u ToT pakT, UYTO AMUCIIEPCUSA CTAIMOHAPHOTO IIPO-
Ilecca Vv, TIOCTOAHHA, a AMCIIePCUA Mpollecca chaydaifHoro OIysKIaHMA u#, CTPEMUTCA K

6eCKOHe‘-IHOCTI/I, TIOJIY YU M.

plim(1 E x,y,j Cov ( 4 u, - v,,— u, + V)
. T a—pf
plimy = = =

plim(;nyj var( — 1ﬂu,+ ﬂv)

_ —avar(u,)— fvar(v,) iy
~ var(u,)+ var(v,) e

CrepoBatesbro, onlerka MHK koadduimenTa HaKJIOHA ABJIAETCA COCTOATEJNH-
HOII OIleHKOJ HOPMMPOBAHHOTO KOMHTEIPUPYIOIIero cooTHolIeHKsA. BoJiee Toro, MoKHO
II0Ka3aTh, YTO CKOPOCTHL CXOIMMOCTM OII€HKM BBIIllE, WeM B ciydae ouenkn MHK giaa
cTanmMoHapHBIX perpeccuii [22]. ITockosbRY AucIiepcus cIydaiiHoro OJIy:KAaHMA pacTeT
IPONOPLMOHANBHO 7', CKOPOCTBH CXOAMMOCTU MPM HAJMYIMUM KOMHTEerpalfuy MIpolIopIio-

1
HaJJbHa —, B TO BpeMsA KaK JIA CTalIlMMOHapPHBIX PErpeccopoB CKOPOCTH CXOOVMOCTI

IIPOIIOPIIMOHAJBHA TOJBKO _1  5ro ceoierso onerox MHK npu Hammamum KouHTErpa-

~T
LMY Ha3LIBAIOT CYNEPCOCmMOLMEeAbHOCTBIO.
Opnako perpeceusi X, Ha Y, MCHOJB3YeT He BCHO MH(OPMALMIO, COAEPIKALIYIOCA

B MCXOJHOM MofeJsiM. Y MHOMKMM BTOPOe M3 yPaBHEHMI IIPUBENEHHON (POPMBI HA o M
CJOKMUM C IepBEIM ypaBHeHueM. llomywnmm X, +a¥, = v, = pv, . Crangapraem 06-

pasoM HoJsydaeM:
Xt +O£Yt _p(thl +aYt—1):Ut — PV, =8y
wm AX | = -aAY, +(p-I)(X, +aY, ) +e,, .

Ilonyuennoe BhIpaskeHMe IIpefCcTaBIAET co0OM yiKe 3HAKOMYIO HAM MOJEJb KOPPEKIMU
ommOKaMy, B KOTOPOM KOMHTErPMPYIOIee COOTHOIIEHME MUIPAET POJb HOJITOCPOUHOTO
COOTHOLIIIEHMA MeKIY I[epeMeHHBIMM. JTa MofeJsib cooTBeTcTByeT Momemym ADL(1,1) ¢
HecTallMOHAPHBEIMM peTrpeccopaMu, a MMeHHO! X K = pX, | —al, —pal,  +¢&,,. ITo-
uaTtHo, yTo ECM n ADL(]1,1) ABiAOTCA PasaIMYHBIMU IapaMeTPU3aMAMY OOHOM U TOI
e Momemn. IIpu aToM, ecam olLleHMBATHL Mofesb B Bujae ECM MeTomoM HaMMeHBIIMX
KBaJpaToB, TO Kak oO0bAcHAeMas IepeMeHHas AX,, Tak U perpeccopel AY, u

(X, , +aY, ) sBuaworca craunoHapHbiMu. IlosTomy onenkn xosddpurmentos ECM-

IIpeICTaBJeHNA 3aBeIOMO COCTOATeNbHBL Ilockosbky omeHku ADL-nipencraBieHms
OHOBHAYHO IIepecuuThIBalOTCA depes oleHKM ECM-mpencraBieHmMsA, OHM TaKiKe co-
CTOATEJILHBL

Obumii pesynbTatT, nonydenHblt Cumcom, CTokoMm M YoTcoHom [21], cocTouT B
caenytoiieM. Ecau mpy HeKoTopoli HapaMeTpusalluyu MOIEeJM IapaMeTp MosKeT OBITh
BRIpayKeH Kak KoadduimenT npu nepemensoit tumna [ (0), oObidHble TeCTOBBIE CTATHU-
CTUKM IJIA DTOTO KOD(PUIIMEHTa acUMIITOTHMUECKM CIpaBenaMBhL BoJsiee Toro, ecan
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IIpY HEKOTOPON IapaMeTpMaalMy MOoJeJM IIOAMHOMKECTBO IapaMeTpPOB ABJIAETCA KO-
adppurimentamu mpu nepemenHHbrx Tuma I (0), oObluHBIE TECTOBBIE CTATUCTUKM [IJIiA
3TOT0 MIOOMHOYKECTBA KO3(P(UIMEHTOB aCUMIITOTUYECK) CIIpaBenMBLL JloKazaTebeT-
BO 3TOT0 YPEe3BLIYANHO BAyKHOTO pPe3yJIbTaTa BBIXOAWUT 3a pPaMKM Halrero kKypca. Obpa-
TUTe BHMUMAaHUe, YTO JIJIA IIPMMEHVMOCTY OOLIYHBIX TEeCTOBBIX IIPOIeAYP ¥ Tabsmil pac-
npesiesIeHNii AOCTATOYHO IPMHIMIINAJILHON BOBMOYKHOCTM ITOAXOZALIE) MapamMeTpusa-
MM, BOBCe He TpedyeTcsa OLleHMBAaThH KO3(D(UIMEHTBEI MMEHHO 3TOM IMapaMeTpusallii.
Hamnpumep, sTo o3HadaeT, 4TO OLIEHKM MeTOAOM HamMeHbImMX KBazpaToB ECM u ADL
IIpeJICTaBJIEHMIT aCUMIITOTUYECKY SKBUBAJIEHTHEI, €CJIM IIepeMeHHble KOMHTErPYPOBAHEL
Bnpouem, B KOHEUYHBIX BLICOPKAX 3KBMBAJICHTHOCTE He TapaHTUPOBaHA, M CYLIeCTBYyeT
obIIMpHas JuTepaTypa, Ijie 00CYsKIAI0TCA IIpeMMYIIecTBa TOM MJIM MHOM NIapaMeTpu-
3aIlMM B KOHEYHBIX BLIDOPKAX.

OO1mii BBIBOZ, TAKOB! OJHM ¥ Te K€ MeTOIbl OLEHMBAHWA M IUATHOCTUYIECKUE
IIPOLleAyPLI IPUMEHMMBL KaK AJIA CTAIl[MOHAPHBIX, TAK ¥ AJIA HeCTallMOHAPHLIX perpec-
copoB Tuna I(l), ecom mocnenHme KoMHTerpupoBaHbl I103TOMY KJIIOYEBLIM BOIIPOCOM
ABJIAETCA TECTUPOBAHME HAJMUNA KOMHTErpPalMy HecTallMOHAPHBIX HIpolieccoB. IlepBaa
TecToBasg Jgyxrwiazoeas Iporenypa Oblia IpensoskeHa JHIIIOM U I'pamixepom [4]. Pac-
CMOTPUM ee Ha IIpUMepe perpeccun Mexxay nByMma pagamu tuna (1) .

1 wae. Ybesxmaemes, uro oba perpeccopa otHocares K tumry I (1) . Ctpoum obbra-
HYIO Perpeccuio IepeMeHHOI X, Ha IlepeMeHHYIO Y, MeTomoM HalMeHbBIIMX KBaJpaToB.

2 wae. IlpoBepsaeM ocTaTKM perpeccuy Ha CTAlMOHAPHOCTL. Ecam ocraTky aAB-
JIFIIOTCA CTAIIOHAPHBIM BPEMEHHBIM PANOM, TO Ipoljecchl X, M Y, KOMHTerpmpoBaHBL
Ecsu oxe ocraTkm orHocarca xk tuny (1), To KomHTerpanma orcyrcersyeT. Ecan mpo-
IleCChI KOMHTETPUPOBAHEI, TO perpeccus, IIOCTPOeHHAA Ha IIepPBOM Illare, HasbIBaeTCH

Kounmezpupyrowel (cointegrating regression).

[ IpoBepKY MIOPANKE MHTETrpali OCTATKOB aBTOPBI NIPEAJIOMNUIN IPUMEHATE
TecT Jurxkn—Dynnepa, HO KPUTUUECKNe 3HAYEHNA TaOJMI] BTOTO TeCcTa B JTaHHOM CJIIy-
4Yae He rofArcA. BemoMHUTE, YTO TaOJMILI HOJIYyYeHBI B pesyJjbTaTe MOAeJMPOBAHUA
MouTte—KapJisio 1y creHepupoBaHHOrO cJIydaiiHoro Oay:xgaHuMA B sToM iKe ciydae
MCCJIeyEeMBIN IIpollece MOJydYeH B pesyJbTaTe MIPolenyphl MeTOLa HAaMMEHLIINX KBal-
paToB, T.e. ABJAETCA «OLleHEHHBIM». B dacTHocTM, cymma oimbox paBHa (. Tabmmim
KPUTHYECKNX 3HAYEeHUll IJIA Ipolleyphl JHrIa—I'paHikepa Oblim mpuBefeHBI B paboTe
Max-Kunnona [14]. Oun Gosbitie 110 abCOJIIOTHOM BeJMUMHE, YeM KPUTUUecKHe 3Hade-
HuA cratTucTury Huxrn—®Pyinepa T, JMJIA TOTO JKe YPOBHA SHAYMMOCTIL dpyrumm

cJIOBaMM, KpUTUYEeCKMe 3Ha4YeHUA TecTa Ha HaJMdMe KOMHTerpaluy JiesKaT JeBee KpU-
TH4YecKMX 3HadeHMii TecTa JMuxkxku—Pyinepa. Hanmpumep, Ha ypoBHe 3HadMMoOCTH 5%
gna T =100, oTcyTeTBUA JaroB U TPeHAA B MoAeJM KPUTHUeCKoe 3Ha4YeHMe JJIA TecTa
Jurrkn—dynnepa paBHo —1,945, a nna TecTa Ha HaJaM4uMe KOMHTETpPalMM COOTBETCT-
BYyIOIllee 3HadeHMe paBHO —3,396. IlocKoNBEKY HyJleBadA IUMIIOTe3a 3aKJ04YaeTcs B HAJM-
YUK eAVMHWYHOTO KOPHA Y PAfa OCTATKOB, T.e. B OMCYMCMEUU Kourmezpayul, Kpuru-
JecKlMe 3Ha4YeHUA cMellleHbl B CTOPOHY T'MIIOTe3bl 0 HAJMYMM KOMHTerpaluy. B Brile-
yraomMaHyTol pabore Mak-KMHHOH IpemIOKNII anlIpOKCUMMPYIOUTYIO (opMysIy LA
pacueTa KpUTMYECKUX UMCeJ, KOTOpad M MCIOJbL3yeTcd B OOJBIIMHCTBE CIEIMaIN3y-
POBaHHBEIX KOMIIBIOTEPHBIX IIPOTPaMM. IJTa ANIIPOKCUMMPYIOIasd (PYHKIMA HOCUT Has-
BaHIe II0OBEPXHOCTY OTKJIMKA M IIPEJCTaBJAETCH CISTYIOIIMM 00pasoM:
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k k
Cla,T)=k, + ++—2
( ) 0 T T2

roe C(a,T) — ONHOCTOPOHHAS « -TIPOLIEHTHAs TOYKa s BbIOOpKM pasmepa T, k, —

b

acCUMIITOTHYECKOe 3HadYeHMe KPUTUUECKON BEeJIMYMHBI, a ABa BTOPBLIX CJAraeMbIX BBI-
pasKaloT IONIPaBKM Ha KOHEYHOCTH BbIOOPKM. Mak-KuHHOH mpuBes Tabanily sHadeHMN
napaMeTpPOB [IOBEPXHOCTN OTKJUKA k, k ,k, B 3aBUCMMOCTK OT 4ncya Habmomennit T

M KOJIMYEeCTBa PEerpeccopoB B TECTOBOM ypaBHEHMM 0e3 ydueTa KOHCTAHTHL BriroueHMe
¥ HeBRJIIOYEHMe JIMHEHOTO TPeHMa B MCXOJHOe YpaBHEHME perpeccuu faeT nBa Habopa
TabJyI] KPUTUHIECKNX 3HAUEHUIL.

JIMHENHLIT TpeHA TaKiKe MOKeT OBITL N00aBJIEH B KOMHTETPUPYIOIIlee COOTHO-
LIIeHye, 4To TpebyeT MONOJHNUTENbHBIX Tabmnil HeobxoayMoCcTs BRJIIOYEHNSA JIMHETHOTO
TpeHJa B KOMHTEeTPUPYIOIIlee COOTHOIIIEHME MOYKeT BO3HMKHYTEH B cJEeAYIOLIeM ciaydae.
Wccnenosanne HecrammoHapHocT ADF-TecToM MokeT NoKasaThk HaJMdKMe AeTEPMM-
HMPOBAHHOT'O TPeHAa ¥ eOVHWYHOIO KOPHA OJHOBPEMEHHO Yy OJHOM M3 JCCJIeAyeMBIX
nepeMeHHBIX. Ecom BTOpas mepeMeHHas (MM He Bce M3 IIePEeMEHHBIX B 00IIeM ciydae)
He COZepiKUT AeTEePMMHUPOBAHHBIN TPeHJ, cllefyeT BKJIHYUTE €T0 B KOMHTETPUPYIO-
11lee COOTHOLIIIEHNE, B IIPOTUBHOM CJIydae HEBOBMOYKHO 00ecIeunTh «0aJjaHC» ciiaraeMbl-
MM PasJIMYHOTO TUIIA B KOMHTETrpMUPYIOIeM ypaBHeHuM. Ecam Oosiee dem opHa Iepe-
MeHHafA COAEPYKUT HapAAY ¢ eOUHMYHBIM KOPHeM JeTepMMHUPOBAHHBIN TPeHM, TO 3THU
JleTepMMPOBaHHBIE TPEHABI MOTYT, BOOOIIle roBops, KOMIIEHCHpPOBaThb Apyr npyra. Ho
4TOOBI ZIOITYCTUTE BOBMOYKHOCTBL OTCYTCTBMA TaKOi KOMIIEHCAIMM M TeCTMPOBATH €€,
clenyeT Bce jKe BKJIIOUUTL AeTePMMHMPOBAHHBIN TPeHHA B KOMHTETPUPYIOIlee COOTHO-
menye. CuTyaryio, Korjia ABe llepeMeHHLIe 00e COepsKaT AeTepPMUHMPOBAHHLIN TPEH],
M 9TU TPEHALI KOMIIEHCUPYIOT IPYT APYyra, WHOTAa HasbIBAIOT OemepMuHUPOSaHHOU
Kourmezpayue.

OTMeTHM TaKsKe, YTO CYILIECTBYIOT CUTyalluM, KOTJla SKOHOMMYecKas Teopus
IIpeIMChIBAET OIIPeIeJIeHHBIN Ko3(h(PUIMEHT B AOJTOCPOYHOM COOTHOLIEHMM (paBHO-
Becuy). Hampumep, B Kjaccudeckoil Teopuy rnorpedsenus 1o KeliHcy mpeanosaraerca
eIMHWYHAA [OJTOCPOYHAA JJIACTUYHOCTE ITOTPeOJIeHNA II0 PaclojiaraeMoMy [JO0XO.LY.
s maHHBIX, BBIPA'KEHHBIX B Jorapudmax, 3To 03HA4YaeT, YTO HAM 3apaHee M3BECTEH
KOMHTerpupywoumii Bektop (1 —1). B aTom ciydae Ha IIepBOM Illare IIPoLenypbl OHT-
Ja—TpsHiKepa HeT HYMIbl OLIEHMBATL PerpeccHIO, M OCcTaTKM IOJYyHalOTCs IIPOCTO BBI-
4KUTaHMEM [epeMeHHBIX. Tellephb INpPoBepPKa IMIIOTe3bl O HAJIMYMU KOMHTETrpalyu MOYKeT
ObITE IIpOBeZleHa HEIOCPEICTBEHHO 10 Tabsmuam Tecra Jukxkn—dDyniepa, Tak Kak oc-
TaTKM OoJiee He ABJIAIOTCA «OLIEHKOM».

Ecan Tecr Ourma-TpsHKepa NokasaJ HaaudMe KOMHTerpalllM, TO BO3MOYKHO
omycaTk B MOJleJIM He TOJIBKO AOJITOCPOYHOe paBHOBecHe, HO M AMHAMUKY IBMIKEHUA K
3TOMY JOJITOCPOYHOMY paBHOBecuio. JJia 3Toro pasyMHO 100aBUTEH B MCXOIHYIO perpec-
CUIO JIOTIOJIHMTEJILHBIN perpeccop — KOMHTETPUPYIOIIlee COOTHOIIeHMe B IIpeIbIayInMi
MOMEHT BpeMeHM. IDTO O3Ha4aeT, 4To MBI cTpouM Error correction model. Obpature
BHIUMaHMe, HaCKOJIBKO IToJe3Hel 3TOoT noaxof moaxona Bokca—ixeHKeHca, 13 KOTOPO-
TO CJIeLyeT, UTO eCJM IIPOollecchl OKasbIBaloTea HecTalmoHapueiMu tua I (1), To Bo ms-

GesxaHMe KasKyllelica perpeccuy MBI CTPOMM perpeccuio rmeppolt pasHocT AX, Ha mep-
By® pasHocTb AY,. Ilpu mepexofie K pasHOCTAM BeAKaA MHPOPMAIMA O JOJTOCPOIHOM

B3aMMOCBSA3M PAOOB TepAeTCH ITousarue KOMHTerpalym IromMoraeT pPesKo YJIYHIIUTH CU-
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Tyaimioo. Teleps KpoMe COCTaBJIAIOIINX, OIMCHIBAIOIIMX KPAaTKOCPOUHOE ITOBEEHMe, I10-
JIydeHHad MOJeJb CBASLIBAET ¥ JOJTOCPOYHOE, ¥ KPATKOCPOUHOE IIOBEICHNE.

Me1 ysxe ynoMMHAJM, YTO HaJIMUMe KOMHTEIPAlMY II03BOJAET OLeHMBATL MOJeNb
u B Bume ADL-mpepcraBieHNns. OTo IIpeJficTaBJeHMe TaKsKe oTpaMaeT M KpaTKOCPOU-
HOe, M [OJTOCPOYHOe II0BEJIeHNE, HO €ro IIapaMeTphl yiKe He JOITYyCKalOT HelloCpezCcT-
BeHHOI uHTepupetarmu. Ho ajsa Toro, 4ToObI OBITL YBEPEHHBIM, 4TO olieHMBaHMe ADL-
MOJeJIM IIPUBEAET K COCTOATEJLHEIM OLIEHKaM ee IapaMeTpPOoB, HYKHO IIpeBapUTEILHO
YCTAaHOBUTEH HaJM4uMe KOMHTerpanmy IepeMeHHbIX. ODa MeToAa OLEHKM acUMIITOTHYe-
CKJ 3KBMBAJIEHTHLI, HO B KOHEYHBIX BBIOOPKAX OAIOT HECKOJKO pasHble olleHKN. CTOK
[22] morasay, 9TO B KOHEYHBIX BLIDOpPKAaX Ipolenypa OHIJIa—I'paHiKepa JaeT HEeCKOJIb-
Ko OoJblliee cMelrieHMe OIEHOK K03(pUIMEHTOB.

Tecr Moxancena

OcHOBHBIE U3 IPUMEHAEMBIX B HACTOAIIEE BpeMs TeCTOB HaJINMYMUA KOMHTEerpalmm
[24] ocHOBaHBI Ha CBA3K KOJMYECTBA KOMHTETPUPYIOIIMX BEKTOPOB C PAHTOM MATPUIILI
[T B VAR-npencTaBiIeHNY MHOTOMEPHOTO BPEMEHHOTO PAAA, a CJIeIoBaTeJIBHO, ¢ KO-
JIMYEeCTBOM HYJEBLIX COOCTBEHHBIX uMceJ 3Toi MaTpuilbl. MBI paccMOTPUM JIUIIE OIWH
U3 TECTOB, Ipefyo:KeHHBI MoxaHcenom B cepum pabor [9, 11, 12]. Iosxamyit, aToT
TecT ABJAETCA HauboJiee IOMYJIAPHBIM M BXOAUT B OOJIBIIMHCTBO CIIENMAJIN3MPOBAH-
HBIX KOMIIBLIOTEPHBIX IIAKETOB, B YacTHOCTU B Eviews.
IlepBBIM IIATOM B peaausalluy TecTa JloxaHceHa SBJAETCA OLEHKA MOZEJN
VAR(p) i 3aJaHHOTO K-MepHOro BPEMEHHOTO Pz
Y, ={a+tfy+AY,  +.+A4,Y,_, +&,.

t

Ilo cpaBHeHMoo ¢ paHee paccMaTpuBaeMoll MOJeNBI0 B Hee 00aBJIEHBI BEKTOPHI JIV-
HelfHOTO TpeHZa M OoIIycKaeTcs HeHyJeBoe MaTeMaTHdUecKoe OKUJaHMe AJA KaOou
U3 KOMIIOHeHT. DOuUrypHble CKOOKM YKasBIBAIOT, YTO MOJEJL MOYKET He cofepsKaThk HMU
OJJHOTO M3 3TUX CJaraeMblX, MOYKET BKJIIOYATH TOJBKO BEKTOP CBOOOIHBLIX HUJIEHOB, a
MOYKeT BKJIIOYATL 00a MOIOJHUTENBHBIX cJaraeMblX. PasymeeTcs, oObIuHBIE yCJIOBUA
JIJIA OCTaTKOB MOJeJM IIpeAnoJaraloTcA BBHINIOJHEHHBIMU: OCTaTKM TOMOCKeNACTUYHBI U
He KoppeyupoBaHHEL IlepBoHadasbHOo JoxaHcen TpefoBas Takske HOPMAJLHOCTH OC-
TaTKOB, HO B 1995 1. ocsabun aTo ycjoBume no TpeboBaHMsA, YTOOLI OCTATKM He OUYeHb
CHUJIBHO OTJMYaJmchk oT I'ayccoBa OGesoro rmryma [10]. Mbr yixe paccMaTpuBaM TECTBI
JIJIA IIPOBEPKU 3TUX CBOMCTB.

Ilopanok monmenmu p BBIOMPANOT OOBIYHO C MCIIOJBL3OBAHMEM WMH(POPMAIMOHHBIX
kpurepueB Axauxe u IllBaplia cpeau MofeJjeli, MPOLIEAINNX AMATHOCTUKY OCTATKOB.
IIpu mepebGope Mopeseli BRJIOYAIOT/MUCKIIIOYAIOT TaKKe CBOOOIHLIE WJIEH M JIMHENHBIN
TpeH . BosMOXXHO TaKiKe MPOBEPUTE TMIIOTE3Y O TOM, 4TO IopsaAmok VAR-momemn pa-
BeH P, IPOTUB aJbTepPHATUBHOI THIIOTE3Ll, YTO PaHr paBeH q <p. Ilaa IpoBepKM uc-
MIOJIL3yEeTCA TeCT OTHOLIEeHWI mnpaBzononodus. Eciu BeKTOp CIydalHBIX BO3SMYLIIEHUI
ABJIAETCHA TayCCOBLIM OeJBIM IITyMOM, TO Jorapudpm QyHKImMM npaspononobusa ama T
Habutoenit M kK-MepHOI ITepeMeHHON IPpUHMMAaeT cJenyoommit Bus [7]:

b

In/ = const + gln‘é -!

rme () — oOlleHKa KoBapuallMoHHOM MaTpuilsl ocTaTkoB VAR-mopmenu. OTHoLeHMe
IIpaBRononobuii mosToMy IpPUHMMAaeT BUL!
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IR ==2(n 1, ~Inl,)=T@m|d, " [-m|O, ")

HpI/I CIIpaBeJIMBOCTHU HyJIeBOﬁI TUIIOTE3EI, T.€. €CJM IIOPANOK MoOeJy paBeH P, 9Ta cTa-
THUCTUKa paclipeeJieHa aCMMIITOTUYECKM KaK XM-KBagpaT C YMCJIOM cTereHen CBO60,Z[I:I

paBHBIM £k’ (p —q) -
Ilocae ouenxu VAR-momesm B Tecre Voxancena paccunTLIBAETCA OlleHKa MaT-
puuel [I=7-4, -4, —..- AP, coorBeTcTByWIIaa ECM-npencTaBJeHNIO MoAesn

Ay, ={pg+tp}+-11y, | + BJAY, | +.. + Bp—lAyt—pH +£,- Hynesoit runoresolt ABIA-
eTcA TO, 4TO paHr MaTpunsl [1 He mpeBwIIIaeT HeKoTOporo umciaa » <k. B kadecrse

aJIbTePHATMBHONM runoreswl ucnogassyercea H | irankIl =k, won H | irank Il =r +1.
CraTucTUKa A IPOBEPKM HYJIEBOM TMIIOTE3BI IIPOTUB IIEPBOI U3 IPUBENEHHBIX aJb-

k

TepHATUBHBIX MMeeT Bui — 7T z 111(1_ /1;-) M HasbIBaeTcs trace statistic. HasBamme
i=r+1

CBABaHO C TeM, UYTO CTATHMCTHMKA ITPOIOPIMOHAJBHA CyMMe JIoTapu(MoB CODCTBEHHBIX

uyces MaTPULBI (ocTasibHBIe (K —r) CcOOCTBEHHBIX YHMCeJl CYUTAIOTCA HYJIEBLIMU), T.€.

caeny MaTpulbl. A [IpoBepKM IPOTUB BTOPON aJbTepPHATUBHOI T'MIIOTE3bI TeCTOoBasd

cratneTnra npuamMaer sug: —1 In(l1-A,,,) u HaseBaercs max statistic. HazBauue

CBA3aHO C TeM, YTO CTaTUCTHKA IIPOIIOPIMOHAJBHA HOFapM(bMy MaKCHMMAaJIEHOTO U3 cob-
CTBEHHBIX 4YMcCeJI MaTpPUIbl, CUUTAIOIMXCA HYJI€BBIMI. B IIPMBEOEHHBIX BBIPAMEHMUAX

qepes ﬂ’i o0o3HaUeHa OIleHKa MaKCUMaJIBHOTO HpaBI{OHOI[O6I/IH i-To KOPHSA IIOJIYYE€HHOTO

Hoxancerom ypaBHeHus. IIpu 3TOM TIpefIosiaraeTcs, 9TO KOPHM YIIOPAMOYEHBI B IIO-
panKe yOBIBaHMA.

B maxere Eviwes mpuMeHaeTcs trace statistic. B aToM HaKeTe IlocjiefoBaTeJbHO
nepebupatorea sHadenusa 7 or 0 mo k. Ecam myneBas rumoresa r = () He oTBepraeTcsa
yoKe Ha IIepPBOM IIare, TO IIPOIlecC HeCTAlMOHAPHEBIN, M KOMHTErpalmuy He CYIIECTBYET.
Ecau rummotesa r = (0 oTBepraercd, Ha cJefyIOIeM Ilare IIpoBepseTcA IumoTesa r =1.
Ecnn oma He oTBepraeTcs, TO KOMHTerpupylooumii paHr paBeH 1. Ecau sxe rumoresa
oTBepraeTrcs, TO NepexoiuM K IIpoBepKe HyJeBOI TMIIOTe3bl r = 2 , u Tak gajee. Cra-
LIMOHAPHOCTY JMCCJIeyeMOT0 MHOTOMEPHOTO IIpollecca COOTBETCTBYET OTBepiKeHUe Hy-
JIEBOJ TMITOTE3EI IIPY BeeX r <k .

Pacnipenenernnsa obenx TECTOBBIX CTATUCTMK He CTAHIAPTHBI, M UX KPUTHUECKME
BHa4YEHMUA ITOJydeHBl MogeaupoBaHyueM Moute—RKapmo. Tabamubl KpUTUHECKUX dMCE
BaBMCAT OT TOTO, BXOOAT JIM JeTePMWHMPOBAHHBIN TpPeHA M cBoOonHLI uwieH B VAR-
ypaBHeHHUe, U BXOAUT JIM JIMHENHEBIL 4JeH B KOMHTeTPHUpPYIOlllee cOOTHOIIeHNe. B make-
Te Eviews peannsoBaHBl cJefyIOMe IIATh BOBMOYKHOCTEI!

e HY CBOOOIHBIM tJe€H, HM TPeHJ He BXOAAT HM B VAR-ypaBHeHMe, HM B KOWH-
TerpuUpylollee COOTHOIIIEHNE;

e CBOOOZHLIN WJieH BXOOUT B KOMHTEIPUPYIOIlee COOTHOIIIeHMe, HU CBOOOIHBIN
4JIeH HU TpeH] He BXodAT B VAR-ypaBHeHNe;

o CcBOOOAHBIN WIeH BXOAUT KaK B KOMHTErPHUPYIOLlee COOTHOLIIEHNe, TaKk 1 B VAR-
YpaBHEHME;

e CBOOOZHLIN HWi€H M TPEeHZ BXOAAT B KOMHTETPUPYIOIlee COOTHOLIIEHNE, TPEH.
He BxoauT B VAR-ypaBHeHne;
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e CBOOOZHLIN HWi€H M TPEeHZ BXOAAT B KOMHTETPUPYIOIlee COOTHOLIIEHNE, TPEH.
BxoguT B VAR-ypaBHeHHe.

IlepBrie nBa caydas moApasyMeBalOT OTCYTCTBME AeTE€PMMHMPOBAHHOTO TPeHAA
B JAaHHBIX, ABa CJEAYIOIIMX — HaJW4YMe eTePMMHMPOBAHHOTO TPEHJAa B AAHHBIX, & I10-
CJIeIHUI [OIIyCcKaeT HaJudie KBaApPaTUYIHOIO AETEPMMHMPOBAHHOTO TPEHIA B JaHHBIX.
Hysueni BapuasT TecTa 0OBIYHO BHIOMPAIOT MCXOAA M3 XapaKTepa II0BeJIeHNA JAaHHBIX
M TeOpeTHYeCKUX IIPEJICTaBJIEHUII O BUIEe AOJITOCPOUHOTO COOTHOLIEHWS MEAY Iepe-
MEHHBIMM.

Camblil pocTol crydail — 3TO OTCYTCTBME CBOOOIHOTO uJieHa KaK B KOMHTETrPU-
pymollleM ypaBHeHNHM, Tak 1 B VAR-Mozmenn. OTo o3HadaeT, 4TO MaTeMaTU4decKue OyKM-
JaHUA BCEX pPacCMaTpPMUBAEMBIX II€PEMEHHBIX PaBHBI HYJIIO. BusyasibHas MHCIIEKIUA
JaHHBIX ¥ IIPOBEPKA BBLIOOPOYHBIX CPENHMX HA PaBEHCTBO HYJIO OOLIYHO AOCTATOYHBI
IUIA OTKa3a OT TaKo crermduramym TecTa VoxaHncena (TepBoit B HAIIEM CITICKe).

YacTo KOMHTErpUpyolllee ypaBHEHNE COAEPIKUT CBOOOIHBIN WJIEH U3 TeopeTude-
cKux coobpaskenuii. Tak, Ipy MoAeNMPOBaHUN IIPOU3BOACTBEHHOI (PyHKIMK THna Kob-
ba—yryiaca nam (pyHKIMKM ITOTPeOJIEHMA C IIOCTOSHHON CKJIOHHOCTBIO K ITOTPeOJIEHUIO
CTaHZAPTHO IIPOLIeAYPOI ABJIAETCH IIePeXo K JIMHelHol B Jorapudmax mozpenu. Ilpnu
3TOM MAaclITaOMPYIOIINI MHOMKWUTENE, BXOAAIMI B MCXOAHYIO CIIEM(PUKAIINIO MO,
IIepexoauT MIPK JOorapnMIPOBAHNM B CBOOOIHEIN WieH (KOHCTAHTY) YPaBHEHMA [OJTO-

T
CPOYHOTO paBHOBecus. Pas KoMHTerpaums cyliecTByeT, To Marpuua I[l=aff’ Mowker
ObITE (harkTOopuzoBaHa, 1 ECM npeacTaBiieHNE B 9TOM CJIydae MOMKET OBITH 3aIlICAHO B

Bume: Ay, = —« e +B AV, +..+B_ . AY + &,. Yepes B’ 3mech
He: yt_ 1 1yt—1 p-1 yt—p+1 p 7—/»]" A

-7 t”
obos3HayeHa OJ04YHAA MaTpuia, HIMKHWI OJIOK KOTOpOI;,I ABJIFAETCHA BeKTOp—CTpOKOﬁI, co-

CTaBJIEHHOI U3 BXOOAILIMX B KOMHTETPUMPYIOIME COOTHOLLIECHMS KOHCTaHT. BeKTOp

Yo , B CBOIO O4Uepelb, COOEPYKUT B HMIKHeM Ojsoke umcyio 1. Ipyrumm cioBamy, B
1
ECM-mopmen KOHCTAHTBI BXOAAT TOJBKO B «JIOJTOCPOYHYIO YacThk» M OTCYTCTBYIOT B
«KpaTKocpouHolt». IIpu nepexome or ECM-npencraBnenua k¥ VAR-Mozenu Mbl JOJK-
HBI «CMMPUTBCH» C IIPUCYTCTBMEM CcBoOomHOro wieHa u B VAR-mopem.
Kpome Toro, camo VAR-mpesicTaBieHne MOKET BKJIOYATHL CBOOOIHBIN HJIEH, Na-
JKe ecJM JOJITOCPOYHOe paBHOBecHe He IofpasyMeBaeT KOHCTaHTHL Benab ampuopn He
BceTZia ecTh OCHOBaHMA OTPULATE HeHYyJeBoe MaTeMaTHU4decKoe O)KMJaHMe BceX KOMIIO-
HeHT MHOTOMePHOTO cJIydalfHoro Ipoliecca. B aTom ciydae nepexon k¥ ECM-mpencras-
JIEHMIO JacT BEKTOpP KOHCTAHT B «KPATKOCPOYHOI dHacTH» MOJeJM, He3aBMCMMO OT Ha-
JI91sA/OTCYTCTBUA KOHCTAHT B «JOJITOCPOYHONM dacTw». Ho ecim KOMIIOHEHTEI BEKTOpPa
JaHHBIX MHTeTrPUPOBAHLI, TO HaJM4Me KOHCTAHTHI B ypaBHEHMM KPaTKOCPOYHOTO IOBe-
JeHUs o3HadaeT HaJudMe MOIOJHUTEJNBLHOTO JeTepPMUHMPOBAHHOTO TPEHJa B JaHHBIX.
Curyanmsa MOJIHOCTEI0 aHAJIOTMYHA cIydaiiHoMy Osyskimanuio c¢ gpericdom. Takum obpa-
30M, HaJM4ye BeKTopa CBOOOOHBIX wieHOB B VAR-Mozenyn MOKeT COOTBETCTBOBATH
JBYM KadecTBEeHHO O4YeHb pPasHBIM CJIydasM:

s €CJII BEKTOP CBO60,ILHI:IX YJIEHOB VAR—MOI[GJH/I IIOJIHOCTEBIO II€PEeXOoIUT B KOMH-
TerpanMoOHHbBIE COOTHOIIIEHMA ECM—HpeI{CTaBJIeHI/Iﬂ, TO IIOPOOECHHBIE TaKoi MOOeJIBIO
OaHHbIE He NeMOHCTPUPYIOT HaJIM4NA OeTEPMUHMPOBAHHOTO TPeHOA,
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s €CJI1 BEKTOp CBO60,ILHI:IX YJICHOB VAR—MOI{QJH/I mepexononT He TOJBKO B KOMH-
TerpalnqMoOHHBIE COOTHOIIIEHMSA ECM—HpeI{CTaBJIeHI/Iﬂ, HO M B ILOHOJIHI/ITeJH:HI:Iﬁ BEKTOP
CBO60,ILHI:IX YJICHOB <<KpaTKOCpO‘-IHOIZ qacTu», TO IIOPOKOEHHBIE TaKoi MoOOeJIbI) JaHHBIE
AEMOHCTPUPYIOT HaJU4Me OeTePMUHMPOBAHHOTO TPEHA.

IlosToMy, ecnm BusyasbHaA MHCIIEKIMA OaHHBIX M IIpedBapUTeJIbHBIE OLIeHKM
CBUIETEJLCTBYIOT 00 OTCYTCTBMM B JAHHBIX JIMHENHOTO TPEHZA, a B JOJIOCPOYHOM CO-
OTHOLIIEHNY TPEHJ JOJIKEH IIPUCYTCTBOBATHL, MBI BbIOMpAaeM BTOPYIO M3 IIATH BbIIIe-
YKa3aHHBIX BO3MOYKHOCTell. Ecan sxke aHaaM3 cBUIETEJLCTBYET B MOJB3Y HAJMUYKUA HAe-
TepPMMHUPOBAHHOTO TPeHJa B JAHHBLIX, TO MBI IIPEAIIOYUTAEM TPETHI) BOSMOMKHOCT.

AHaJOTMYHO paccMaTpuBaeTcA cJiydall BKJIIOUEHMA JMHENHOTO TpeHJa B KOMH-
Terpupylolee cooTHollleHMe. Ecan JuHelHbIN TpeH 13 VAR-Mogemu npu nepexojie B
ECM-npencraBienne BXOAUT TOJLKO B «IOJTOCPOYHYIO HacTh», TO IIOPOMKIAaeMbIe JaH-
Hble [OJIYKHBI JIeMOHCTPUPOBATE AeTepPMMHUPOBAaHHLIN JMHENHBIT TPEeH I, U OJA TecTU-
POBaHUSA KOMHTerpalum cJjefyeT MCIoJb30BaTk HeTBePTYI0 M3 BO3MOKHocTell. Ecin
JKe TPeH IePeXOANUT M/MUIM B «KPAaTKOCPOUHYIO HacTb», JaHHBIE JOJIKHBI JIEMOHCTPU-
poBaThk y’ke KBaApaTUUHBIN AeTepMMHUPOBaHHBIN TpeHA. IyaA Takoro ciaydad NpeaHa-
3HaYeHa TIATAs BO3MOMKHOCTH NMpMMeHeHusi Tecta Joxaucenma. K comxasennmio, B JmTe-
paType U B OIMCAHMAX KOMIIBIOTEPHBIX ITIaKeTOB 3TY MATL ONLMI ONMCAHBI B TePMMHAX
OTCYTCTBMA/HAJIUIMA KOHCTAHTHI M TpeHZa B VAR-Mozmesmm ¥ KOMHTETPUPYIOIEM
ypaBHeHUM, XOTsA IO cyTu pedb uaeT He o VAR, a o «kpaTkocpounoli wactu» ECM-
npescraBieHua. Halrle paccMoTpeHMe MIOKa3bIBAeT, YTO HamuboJee yIIOTPeOUTENLHBIMY,
HOAXOOAIIMMM K 3KOHOMMYECKMM IaHHBIM fABJAIOTCA BTOpasd M TPeThbA ONLUMU TecTa
Hoxancena.

Harrre paccmorpenme Tecta JoxaHceHa 70 ciX IOP OTPaHNHYMBAJIOCH BBIACHEHVI-
eM KOMHTeTrPMpPOBaHbI MM HeT IepeMeHHbIe. B ciiydae IMOJOYKUTEJLHOTO OTBeTa Ha II0-
CTaBJIEHHBI} BOITPOC CIeIyeT TIPUCTYIINTE K olleHKe Mome . JVoXaHCeH MpeIosKi He
TOJIBKO MPOLeAyPY TecTHUPOBaHMA KOMHTErpaluy, HO M NIPOLleAypPY OLleHMBAaHMA KOMH-
TETPUPYIOIINX BEKTOPOB. Takas olleHKa (MeTOAOM MaKCHMMAJBLHOTO IIPaBJIONIOZ00Ms) B
HacToAlllee BpeMsA SABJIAETCH COCTABHOIN YaCTHIO OOJBIIMHCTBA KOMIILIOTEPHBIX peasi-
sarmit Tecta Voxaucena. BCIIOMHMM, 4TO KOMHTErPUPYIOE BEKTOPE! ABJSIOTCA CTOJO-

HamMy MaTpunel B us pasnoxenna I1=af’ . BosMoKHOCTb (PaKTOPM3AIMM MATPUIEI

ABHO YKasbIBaeT Ha HaJM4Me JIMHENHLIX COOTHOIIEHUI MEKIY ee dJeMeHTaMi. B cBoio
odepesib, 9TO OBHAYAET, UYTO y4UeT 3TUX OTPaHMYEeHMI [IPYM OLEHMBAHWUM JIacT OoJsee ad-
(peKTMBHEIE OLIEHKM KO03(PPUIMEHTOB Mozeay. Takoil ydeT MoKeT ObITE OCYIIIeCTBJIEH
myTeM olieHKM Mopmesu B popme ECM ¢ mpAMBIM BRJIIOUEHMEM B Hee JOJITOCPOYHBIX
cooTHolIeHnii (06obIenmne nporenypsl OHrIa—I'panixepa), mbo B VAR-npencrasie-
HUM, OLlEHMBAfA KasKI0e 13 YPaBHEHMI MeTOAOM HauMeHBIIMX KBaJpaToB IIPM OTPaHU-
YeHNAX.

CepbesHOlI IIpaKTUYecKOl ITpodJeMoll sABJAeTca OOHApPY)KeHMe HECKOJBKUX KO-
MHTETPUPYOUMX BeKTOPoB. Ecim cylllecTByeT JIMIIL OJHO KOMHTETPUPYIOIlee COOTHO-
LIeHye MeXKJy KOMIIOHEHTaMM BEKTOPa, €ro MOYKHO TPaKTOBATBL KaK JOJIOCPOYHOE
paBHOBecue MEXKAY STUMM IlepeMeHHBIMM. B ciIydae HECKONBKMX KOMHTETPUPYIOLINX
COOTHOLIIEHNI{, CYIIIeCTBYEeT HECKOJIBKO JMHEHHBIX KOMOWHAIMI KOMIIOHEHT, KOTOpbIe
ABJIAIOTCA CTAIMOHAPHBIMM. A 3TO O3HA4YaeT, KaK MBI ysKe OTMedHasM, 4TO Jiodas Jm-
HeliHa#g KOMOMHAIMA 3TUX JMHENHBIX KOMOMHAIMI TaKyKe ABJAETCHA cTalMoHApHOI. U
IIO3TOMY CJIOKHO BBIABUTH KOMOWMHAIMM, KOTOPBIE MOYKHO COJIePIKaTeJLHO MHTEPIIPU-
THPOBaThL KaK 3KOHOMMYEcKMe paBHoBecusa. MOMKHO cocjiaThbed, HallpuMep, Ha OIBIT
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IIOCTPOEHNA (PYHKIMM cIpoca Ha feHbry VMoxamcenom n JIysemrycom [12] mas Tamym
n Dymaamm. Jna Jaaum Mcrosb30Baiachk BEIOOPKA KBapTaJbHBIX JaHHBIX ¢ I kB. 1974 T
o IIT xB. 1987 r. (55 Haburomennit). Jua Ournanaum BLIOOpKa BRJOUaga 67 Habmome-
Hmit ¢ I kB. 1958 r. o III &B. 1984 r. [lna Jarum ObLIO IIOJIYyHYEeHO OOHO KOMHTETPUPYIO-
1llee COOTHOLIIIEHYE, KOTOPOE XOPOIIO TPaKTyeTCHA M JaeT BOBMOYKHOCTH IIOCTPOUTH CO-
JepiKaTeJbHYIO TeopeTHMHecKM MOMeJb cIipoca Ha AeHbrM. A Bo BTOPOM ciiydae, IJIA
DyaIAEIMN, OBIIO MOJIYUEeHO TPU KOMHTETPUPYIOLINX COOTHOIIEHUA, ¥ MHTEePIIPeTaIMsa
IIOCTPOEHHLIX COOTHOIIIEHNI B 3HAYUTEJILHOM CTelleHM 3aTpyAHeHa.

Jdexmusa 16

Mopenu ¢ ycJ0BHOM reTepocKeacTUIHOCTHIO

MopempoBaHue IleH aKTHBOB Ha COBPEMEHHBIX (PMHAHCOBBIX PBIHKAX tYacTo
IPUBOIUT K TOMY, UTO BPEMeHHBIE PAABl HEIJIOXO MOIYT OBITH AIlIPOKCUMMPOBAHBI
MOJEJIBIO CJIydalHOoro OJyskiaHuda. OTOT SMIMPUYECKNiT (PaKT He MPOTHBOPEYUT Teo-
pun 5pPeKTUBHBIX PBLIHKOB, HO B TO jKe BpeMA Teopus 3(P(eKTUBHEIX PBIHKOB IIOITyC-
KaeT OoJiee IIIMPOKMI KJjacc Mogesell. B 3Tux Momesax MpupalieHns Ipollecca He 00sA-
3aTeJIbHO JOJIKHLI ObITH HE3aBMCUMMBI M MMETEH OAMHAKOBOe pacrpepnesenne. Cyiect-
BEHHO, YTOOLI ITpoltecc ObLI TAKMM, YTO JOIIYCKaJl Obl TaK Ha3bIBAEMYIO «YeCTHYIO MI-
py» (fair play), 9T00BI HEBOBMOYKHO OBLIO JOCTMYEL TapaHTMPOBAHHOTO BBIUTPBIIIA, OC-
HOBBIBafACh Ha IIpolIol nHdopmammy. Takoe paclmmpenyue Kjacca IIPOIECCOB CIIydali-
HOTO OJIysKIaHNA LOCTUTaeTCsA BBeIeHMeM IIOHATUA Mapmuneata (martingale). B amr-
JMIICKOM A3BIKe cJIoBO martingale mMeer nBa sHawYeHMA: HacTh KOHCKOM cOpyu, mpe-
MIATCTBYIOIAA JIOIIANM 3aAMpPaTh TOJIOBY CJMIIIKOM BBICOKO, ¥ CHMCTEMa Ha3HAYEHUHA
CTaBOK B a3apTHOI Mrpe, IIPM KOTOPOI CTaBKa yIBaMBaeTCHA IIPM KasKJIOM IIPOUTPHILITE.
Kar mb1 yBuauM, cBoJicTBa IIpollecca-MapTUHTAJA NIeICTBUTEJLHO TO3BOJIAIOT IIPOBEC-
TV HEKOTOpBIEe aHAJOTUM C 3TUMM SKUTEMCKYMM ITOHATUAMIL

CDOpMaJH:HO MapTHMHTAJIOM Ha3bIBaeTCHA cTOXacCTUYeCKMit mporecec y,, O6JIa,ILaIO—

I CJIeNYIOMIMMY CBOVICTBaMM!
e MaTeMaTHYecKoe O/KMAaHMe Ipollecca KOHEYHO IJIA JIFDOOTO MOMEHTa BpPeMeHN ¢,
o YcJIOBHOE MaTeMaTHUUecKoe OMKMIaHMe IIpollecca Ha OCHOBe Bcell MH(popMAaINM,

M3BECTHOI K MOMEHTY S, PaBHO 3HAa4eHMIO IIpollecca B MOMEHT S! E(y, |Q )=y, Ana
BceX §<I, Ime () — COBOKYIHOCTb Bcell MHpoOpMaInMy K MOMEHTY S. OTO CBOMCTBO

HOCKUT Has3BaHMe MapTHHIAJIBHOTO.

Ilpu amanmse ogHOMEPHOro IMCKPETHOIO BPEMEHHOTO pAfa BCA MHQOPMaIMA K
HEKOTOPOMY MOMEHTY BPeMeHM § IIpeJicTaBJsfeT coDOli IIPOCTO peasM3allfio IIpoliecca
Ha oTpeske [l, s], ¥ MapTMHraJBLHOE CBOMCTBO MOKeT OBITH IIepeNMCcaHo B BUe

E(yt|J’1sJ’2>~~~> y,) =y, OJs Bcex s<[. JTo 03HAYaeT, YTO YCJOBHOE MaTeMaTyde-

CKOe OXKMIAaHMe IIPMPAIIEHNA IIpollecca PaBHO HYJIIO, M IIPOTHO3 MIPUPAIIEHNA MapriH-
raJsa, obecrieuynBalOIMii MUHVMAJIEHYIO CPeIHEKBAIPaTUUECKYI0 OIIMOKY, paBeH HYJIO.
B coorBeTcTBMM € 3TMM ompenesieHMeM cJaydaiiHoe OJysKAaHMe ABJIAETCH YaCTHBIM
caydaeM MapTurrasa. Ilpn aHammse peasybHBIX (PMHAHCOBBIX BPEMEHHBIX PSAZOB HACTO
BCTPEYAOTCA ¥ MHBIE IIPOIIECCHl, AJIA KOTOPBIX MapTUHTAJILHOE PaBEHCTBO MOYKET OBITH
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3aMeHeHO HepaBeHCTBOM E(yt|y1 Vg sees ys) >y, AJd BcexX s <t. Taxoii Ipolecc Ha-
2

3bIBaeTCA cy6mapmunzcmom. Ecin ke HepPaBEeHCTBO BBIIIOJHAETCA C IIPOTHBOIIOJOMK-
HBIM 3HaKOM, IIPOIIECC HA3BIBAETCHA CYNepmapmuHsalLom.

MCXOI{H 3 MapTUHTAJBEHOTO CBOIZCTBa, MapTHHTAJ MOKET OBITHL 3amucaH B BKBU-
BaJIEHTHON (bopMe, OUY€Hb HaIIOMMHAIOLIEM CJIydarHoe 6JIyDKILaHI/Ie Y, =V,a + N> rge

17, Has3bIBaeTcd MapTHMHTAJBHBIM IIPUPAallleHUeM, WJIN MapTI/IHI‘aJH:HOﬁ PasHOCTEBIO.
CporicTBa mporecca 177, OOJYKHBI OLITE TaKMMU, YTOOBI TapaHTHPOBaTEL BBIIIOJHEHNE
MapTUHTAJBHOTO paBE€HCTBA. HpI/I 3TOM IIporecc n, HE 00Aa3aTeJILHO JOJIYKEeH OBITL CcTa-

IMOHaAPHBIM, HaIIpMMep, MOMKeT CYILIeCTBOBATH 3aBMCHMMOCTE MeEKOY YCJIOBHBIMM MO-
MeHTaMM IIponecca, yCJOBHasA OUCII€PCUsA MapTI/IHI‘aJII:HOIZ pasHocTu 77, MOKeET 3aBU-

CceThb OT IIPOIIJIOro, a Iiporecc Y, OCTaHeTCA MapTUHTAJIOM.

IlpakTnra paboTel Ha (PMHAHCOBBIX PBIHKAX BBIABMJIA eIlle HEKOTOPBIE YepPThI
peaJsIbHBEIX IIPOIIECCOB, KOTOPBle HE OYEeHB XOPOIIO OIMCHLIBAIMCHL yiKe PaspadoTaHHBIMMU
mozmenavu. B 1982 r. Ourgom [3] Oblna IpensoskeHa MOZeNb, ITOJIyUMBIIIAA HasBaHUe
MOJeJIM C YCJOBHOM reTepocKefacTH4HOCTBIO (autoregressive conditional heteroske-
dastisity, oberano mcnosbsyemas abbpesmatypa ARCH, mmm ARCH-mozens). OHrI
MIPEeJIONKNI 3TY MOJeJb, YTOOBI OIMCcAaThL XOPOIIO MBBECTHYIO M3 IIPAKTUKM UepTy IIo-
BeJIeHNA MHOTMX (PMHAHCOBBIX PAZIOB! KJACTEPMBAIMIO BOJATHJILHOCTHY, KOTAA II€PHOAbI
GOJIBITION M3MEHYMBOCTHY II0KA3aTe i CMEHAIOTCS IIePMOIOM MaJioll M3MeHUINBOCTU. B To
JKe BpeMHA CTaTUCTHHYecKasd IIPOBEPKa IIOCTOSHCTBA AucIiepcun (KaKk Mepbl M3MEHUVBO-
CTM) He OTBepraeT I'MIIOTEe3bI 0 TOMOCKEAaCTUIHOCTL.

Haunem ¢ mpocToii aBTOpErpeccnoHHON Mozesn

y,=Ay, , +&,, e, ~SWN (0.c7).

Yepes SWN (0,07) obosHaueH Tak HasbIBAEMBIH CHUJIBHBIE GeNIBIi IIIyM, IJIA KOTOPOTO
CBOJICTBO HEKOPPENMPOBAHHOCTY 3aMeHeHO Ha CBOMCTBO HesaBucHMOCTH. B aT0i Mozme-
JM yCJIOBHOe MaTeMaTudeckoe oskmupamme E(y, | y,,) =AYy, , mnpencraBiger coboit
TEOPeTUUECKYI0 PETPECCUI0 M, €CTECTBEHHO, 3aBUCUT OT BpeMeHM t. YcJOBHAA OMCIep-
cua var(y, | ¥,,) =0’ oT Bpemenu He 3aBucuT. COOTBETCTBEHHO GesycJoBHOE MaTeMa-

2

o
TUYEeCKOe OKIJaHMe paBHO HYJIIO, a 663yCJIOBHaﬂ AVICIIepCUs paBHA W SHTJI

IIPeJIOMKNII PacCMaTPUBATL 3aBUCHMOCTL YCJOBHOM AMCIIEPCHM OT IIPOIILJIOrO, OH CIle-
IPUIMPOBAJ 3TY 3aBUCUMOCTE B IIPOCTEMINEM ClIydae B JIMHEHHOM BHE!

h,=var(e,)=a, +a,&] .

IlocrkoneKy mucnepcua caydaiiHoll onmOKM [oJKHA OLITH ITOJOMKUTEJILHOM, Ia-
paMeTp ¢, TakiKe HOJUKeH ObITh IIOJIOKUTEJBHBIM, a [lapaMeTp ¢, — HeoTpullaTelb-

HEIM. IIpoltecc, onpesesiAeMelif COOTHOLIIEHNEM
1/2 2 1/2 2
u, =g h? = g,(ao +a1uH)/ , €, ~SWN (0,07),

HasbIBaeTcsa mporieccom ARCH(1). IlapameTp B ckoOkax yrasbIBaeT HaMOOJBIIYIO AJIV-
HYy Jilara B ypaBHeHNUM AJA Auciepcuy. PaceMoTpuM cBoMicTBa 3TOro IIpoliecca.
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s cokpalnenns 3sammcy o00OBHAYMM YCJIOBHOE MaTeMaTHHYecKoe OKUIaHue
IIPOMBBOJILHOTO IIpolecca ), E(yt‘yl’yZ""’ y,,) depes E_ (y,). Brruncnenne ye-

JIOBHOTO MaTeMaTH49eCcKoro osxunannsa npoiecca ARCH(1) naer
_ ( 2 )1/2 _
E,  (u)=\o, +au,, E,  (6,)=0.
IIpumenas popMysy UTEPUPOBAHHOTO CIYYallHOTO OKUIAHNA, IIOJYIUM

E,)=E L CE L (E, @)).) =0.

CrepoBaTesbHO, 6e3yCclIOBHOE MaTeMaTHUeCKOe OKIMaHNe IIpollecca PaHo HYJIIO.
Ilepeiinem K pacueTy ycJsioBHOIN aucnepcun poitecca ARCH(1).

2 2 2 2 2
E, (u)= (0‘0 +O‘1u171)Et71(8t )=0o (0‘0 +O‘1ut71)'
2 2 2
Hanee Et—2(Et—1(ut )) = Et—2(6 (060 + alut—l)) =
2 2 2 2 2 2 2
=0 (g +onE, (U, ) =0 (a, +a (o, +onu, ;) =0 (0, + o, +au, ,).

IIJIH HaXO0OeHNA 663yCJIOBHOI7[ AVICIIEpCHUM IIpoIfecca BBIYMCJIAEM MUTEPHMpPOBaH-
HBbIE€ OXKMIOAaHMA.

E?y=E,(E,(.(E, ,(E,,)).) =c’a,(+a, +al+. . +a/" )+o’alul.

Ecnn ypaBrenmne AR(1) nna mucriepcum cTalMoHapHO, TO |051| <1, n nepeiina g npe-

o
0 2 o
flery mpu { —> oo, ogyuuM var(u,) = 1—0 . ITony4deHHbIN pe3ysbTaT NOKa3bIBaET,
el

uTo OesycioBHasa mmcrnepcuda mnpoitecca ARCH(1) He BaBMCKHT OT BpeMeHH, T.e. caM
IIpoliecc TOMOCKeAacTHYeH.

YcnoBHaA aBTOKOBapmalMaA IIepBOTO IMOpAAKa paBHaA HYJIO, TaK Kak
E  (wu, y=u, ,E, (u,)=0. OueBuHO, YTO aBTOKOBapualuy 0oJiee BBICOKOTO IIO-

pAnka Takske paBHBEI Hymo. Mbr Bugum, uTo mporiecc ARCH(1) sBnsgeTcsa craumoHap-
HBIM OenpM 1tymom. IlomyTHO oOpaTwM BHMMAaHME, YTO XOTHA BHAYEHUA IIpoLlecca
ARCH(l) HexoppeJ MpOBaHBI, CYILIleCTBYeT BaBMUCHMOCTEH ANCIEPCUYM BO3MYIIEHMS OT
JIUCIIepCHM IIPEeILIAYINEro BOSMYIIEHMA. OTO O3HAYaeT, YTO HEKOTOpPble TeCThI MOTYT
BOCIIPMHATL YCJOBHYIO T'e€T€POCKENACTMYHOCTE KaK CBUIETENHCTBO aBTOKOPPEIIALN
OCTATKOB. B 9acTHOCTM, TaKMM «HEZOCTATKOM» 00JajiaeT IONYJAPHLIL TecT JapOuna—
Yorcona. IloaToMy HaJMuMe YCJIOBHOV Te€TEPOCKENACTUIHOCTM [eJiaeT 3TOT TecT He-
IIPUMEHVMBIM.

Yxe obosrauenme ARCH(1) mompasymeBaer obobinenme Ha mpoitecc ARCH(p).

OToT IpoIlecc ompefesderca  ypaBHeHmem Tuna AR(p) gnna gucnepcun
h, =var(e,)=a, +a,e}, +..+ apgip, uTo gaeT axa nporecca ARCH(p) crenmyro-

Liee BbIpa3{eHNe:

_ /2 _ 2 2 1/2 2
u, =¢g,h/" = g,(ao ‘o, + +apu,7p) , €, ~SWN (0,07).

OueBuAHO, YTO KaK YCJIOBHOe, TaK ¥ 0e3yCJIOBHOE MaTeMaTHdeCKOoe OKUfiaHue
nportecca ARCH(p) paBHO HyJI0. YCJI0OBHas AMCIIEPCHUA IIpollecca (PaKTUHEecK) 3ajlaHa

. 2N _ 2 2 2 _
ero omnpegenerueM: F, (u;)=0 \a, +tau; , +.. ta,u; ) a OesycyoBHasA auC
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Iepcusa B pesyJsbTaTe IIPUMEHEHMA (POPMYJIBI MTEPVPOBAHHOTO OKMAAHMUA C IIOCJe-
LYIOIIMM I[I€PEX0ZIOM K IIpefiesy OyAeT CJIOMKHOM APOOHO-paloHAJBLHON (PYHKIMEN OT
NapamMeTpoB o, ..., & , - CaMoe BaxkHOe, 4TO OesycyoBHasA mucliepcus He OyzmeT 3a-

BUCETb OT BpeMeHM, T.e. IIpOIlecC II0-IIPpe'KHEeMY OyZeT TOMOCKeNACTUYHBIM. Takr ixe
COXPAHUTCH CBOVICTBO HEKOPPEJMPOBAHHOCTH, IIOCKOJBKY 9TO CBOMCTBO He BaBUCUT OT
KOHKPETHOTO ypaBHEHMA IIpOIlecca, a JIMINL 0T PaBEeHCTBa HYJIIO YCJOBHOTO MaTeMaTy-
Jeckoro oskupanua Taxmm obpasom, nporecc ARCH(p) sABIAeTcA caydaiiHBIM OJIysk-
JaHMEM ¥ MapTHHTAJOM. Y CTaHOBJeEHHBIe cBoicTBa Hpolttecca ARCH(p) osHauaooT, 9TO
OH fIBJIAETCHA CJab0 CTAIMOHAPHBIM.

TecTupoBaHME HAJIMYUA YCJOBHON TeTEePOCKENACTUYHOCTM B OCTATKAX MOLEJN
MM AJA MCXOIHOTO IIpollecca He TpebyeT paspaboTKM HOBBIX CIENMAJLHBIX TECTOB.
HyneBaa rumoresa 00 OTCYTCTBMM YCJIOBHOHM TeTepPOCKENACTHYHOCTM SKBUBAJIEHTHA
paBeHCTBY HyJIIO BceX Koa(pUIMEHTOB KpoMme KoadduilmeHTa ¢, B ypaBHEeHUM AMC-

nepcun. IloaTomy IIpoBepKa COCTOMUT U3 CIENYIOIIMX IIIArOB.
1. CTpoum HeoOXOIMMYIO MOJEJE U IOJydaeM PsAf OCTaTKOB e,. Ecim mccieno-

BaHMIO Ha YCJIOBHYIO reTe€pPOCKeOaCTUYIHOCTE ITIogBepraeTcsa OI{HOMepHBIﬁ PAaAn MCXOOHBIX
JaHHBIX, TO 3TOT IIIar He HYMEH.
2. MeTOI{OM HalMMEHBIIINMX KBaApaToB OLl€eHMBaeM MOOeJb

2 2 2
e, =a,tae,  +..tae . +v,.

3. IlpoBepsem rumoresy o0 afeKBaTHOCTM perpeccuy, IOCTPOEHHOIN Ha BTOPOM
o 2 2
ware: H; :a) =..=a, =0 npotus ecrecTBeHHOI! anbrepratuBbl H, o) +..+a, >0.

Ecnn myseBasa rumnoresa oTBepraercsd, TO HE TOJIBKO YCTAHABJIMBAETCHA IIPUCYT-
CTBMeE YCJIOBHOM reTepPOCKeNACTHYHOCTH, HO M OIIpefiesiAeTcd AJMHA HauOOJILIIIero Jara,
BXOJIAIIEr0 B ypaBHeHMe (IlapameTp p).

OnernBanye MopeJiel, B KOTOPBIX OCTATKM IIPOABJIAIOT YCJIOBHYIO TeTepPOCKea-
CTMYHOCTL, MOYKHO BECTY B TOM K€ KJIIOUe, UTO ¥ AJIA MOJeJell ¢ reTepoCKeIacTNIHbI-
MM OCTaTKaMM, HaIllpUMep IIocje MCIoJb3oBaHuA TecToB Ilapka mim I'seiizepa. Orte-
HeHHOe Ha BTOPOM IIIare ypaBHEHNE JCIOJNb3YyeTCs AJA pacdeTa BECOB C II0CJeNYIOIINM
IIPUMEHEHMEM B3BEIIIEHHOIO0 MeTOZd HauMEHBIIMX KBaApaToB MJM AJA IpeobpasoBa-
HMUA TIePeMEeHHBbIX, YTO O3Ha4daeT IIpMMeHeHMe OOOOIIIEHHOrO MeToAa HaMMEeHBIIINX
KBaJIpaToOB C OLIEHEHHO KoBapuallMoHHOM MaTpuiei. Tak ke Kak IIPYM MCIIOJIL30BAHUN
BBILIIEYIIOMAHYTEIX TecToB Ilapka u I'seiizepa, CyIleCTBEHHONM NPaKTUHECKOH TPYILHO-
CTBIO FABJAETCA BO3MOYKHOCTL IIOJIYYEeHMA OTPULATENBHBIX MM HYJIEBBIX BSHAYEHMUI
IIOAKOPEHHOTO BBIPAYKEHMA IIPU pacdeTe BecoB II0 0OBINHOIM dopmyie

1

w,

A A 2 A 2
\/ao tae, | +..+a,e,

YrobbI M30eKaTL 3TOr0, MHOTAA BBOAAT OTPAaHNYEHNUA Ha IapaMeTphl, HAIIpUMep 3aaa-
Bafd XapakTep yObIBaHMA K03 (PUIIMEHTOB B YPaBHEHUN
P=q,tae] F.tael +
e, =a,tae, | +..tae’  +v,.
Boanepciner [1] npepnosxun obobinerne ARCH-mMozenn, mosBoJIAKIIEe TOCTUYE
bosibirrert rmbxrocTu. OH NMpenJyoRUI HOOAaBUTL B ypaBHEHMe NJIA OUCIIEPCUM 3aBUCH-
MOCTB OT IPeILIAYIIMX 3HAUEHMIT AMCIIepCuu:
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2 2
h,=var(e,)=o,+ae, +.+a,e , +yh +.+7,h_,
OTa MoZeJb IIOJy4Ymsia HasBaHue oboOineHHas (generalized) ARCH, GARCH(p,q) —
000011IeHHAA aBTOpEerpeccuoHHad MoJeJb ¢ YCJOBHOM TeTepOoCKeNacTUYHOCThIO. B Hell
ycJioBHAA nucnepeusa nopunasgeTca Monesan ADL(p,q) u 3aBUCUT OT NPeNbIAYIUX 3Ha-
YeHMUI YCJIOBHOI IMCIEpPCHMM M KBaIpaToB oUmboK. VIcrosb3ysa omepaTopHBIE IIOJMHO-
me1, Mogesnt GARCH(p,q) MosxeT OBITH IlepemncaHa B BUIE!

2
h, =var(e,)=a,+a,(L)e, +y, (L)h,_,-

Anajyormuno MogesnaMm Tuna ARMA wmosxkHo mneperitu or momerm GARCH(p,q) &
ARCH-momenn ¢ 6eCKOHEYHEIM YMCJIOM JIaroB!

Ay o, (L) 2
+ gl
l—y, (L) 1-y,L)

Taxoil repexon BO3MOMKeH, eciM KOPHM XapaKTepucTydeckoro nosmsoma 1-—y (L)

h, =var(g,) =

JIeKaT BHe eVMHMYHOTO Kpyra (B [AaHHOM cJydae yAoOHEN MCIIOJIL30BAaThH XapakTepu-
CTUYECKOe ypaBHeHMe B Takoii popme). Ecam y mosmuomos « ,(L).7, (L) Kpome Toro

HeT o0IIMX KOPHEN, TO IIOJOMKUTEJBLHOCTE AMUcIepcuy OyZeT rapaHTMPOBaHA, €CJM BeCe
a,(L)
1-7,(L)
XOIVIMBIE ¥ JOCTATOYHBIE YCJOBMA 3TOro 0OblM nosydenbl Hesbcornom n Kao [19] daa

nportecca GARCH(1,1), sagaHHOTO ypaBHeHMEM h, = a, + 0‘1(‘3;271 + y,h, , " BecbMa

KO3(PUIMEHTEl TOJIMHOMa O€CKOHEYHOI CTeleHu HeoTpuraTeasHel. Heob-

IIOITYJIAPHOTO B HacTosdAlllee BpeMdA IIPY MOAEMPOBaHMM (PMHAHCOBBIX PSALOB, 3TU YCJO-
BMf OBHAYAIOT HEOTPULIATEILHOCTL BCEX TPEX IIapaMeTpOB.

YcTaHOBUTE cBOVicTBa MoMeHTOB Iponiecca GARCH(p,q) n orpaHudeHus Ha KO-
3ppuIMeHTEl Mogesn, Py KoTopeIX npoiiecc GARCH(p,q) cranmoHapeH, BHaYNTEIBHO
ciaoxHee, yeM 1y ARCH-nponieccoB. O0ie ycioBUA CTAIMOHAPHOCTU IJIA IIpollecca
GARCH(p,q) B TepMMHaAX JIAroBBIX OllepaTopoB ObLIM BhIBeZeHBI Bysxkeposem u Ilnka-

pom [2]. Hna mporecca GARCH(1,1), sagmanHOTO ypaBHeHUeM A, =, +algt271 +y,h

-17
Hesecon [18] mokazaj, 4To Kak #,, TaKk M /s, OyAyT CTPOrc CTallMOHapHLI ToTJa M

2
TOJBKO Torza, Korga E(n( f#, + o, L;l—')) < 0.
t

s onenmBanma nporeccoB GARCH(p,q) npumeHseTcs MeTO[ MaKCUMAJBHOTO
NpaBAononoduA B IPeIoNoKeHUM O TayccoBOCTM CUJIBHOrO Oesoro myma ¢,. Ilpnm

yBemmdenun nopsapka nporecca GARCH TpyzHocTH olleHMBaHMSA IIapaMeTpoB OBICTPO
HapacTaloT, TaK dYTo IIMpoOKoe IIpUMeHeHMe HallleJ, IIOMKaJyl, TOJBKO IIpoliecc
GARCH(1,1).

Bruto mpemnosxkeno muoro mommcpmranmii momeseit GARCH, moppobroe pac-
CMOTpeHMe KOTOPBIX BBIXOOUT 3a paMKu Hallero Kypca. Craemya Mwuinicy [15], pac-
cMmoTpuM Ha mpumepe mozmesm GARCH(1,1) suint ocHOBHEBIE MJieM, IOJIOMKEHHBIE B OC-
HOBY TaKUX MOAMPUKAIINIL.

Opna s Hambojee paHHMX Mommdurarmii Oblia npensosxena Teitmopom [23] u
pasButa Creprom [20]. B ar0if Momesm Ta ke cxema saBucumocTy, uro 1 B GARCH(1,1
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IpuMeHeHa K YCJOBHOMY CTaHJAPTHOMY OTKJIOHEHMIO IIpollecca, a He K YCJIOBHOI Auc-
nepeny. 9Ta MoOZeNb MMeeT BUJ O, = [/h, = a, +a1|uH|+ ¥,0,.,. B Helt ycpenmHen-

Hasd yCJOBHAsf NMCIepCHA IOJIydaeTcs BO3Be[EHMEM B KBaJpaT YCPEIHEHHOTO cpeiHe-
KBaIPaTHIHOTO OTKJIOHEHMS, a He yCpeJHEHMEeM KBajpaTa OTKJIOHeHMdA. Biaromaps
HepaBeHCTBY VIeHceHa M BEITYKJIOCTM BHWM3 KBaJPaTUYHON (PYHKIMM BJIVMSHME GOJb-
X OTKJIOHEHWI B TaKoii Mozesau OyZeT OKashIBATHL MeHbIllee BJIMAHME, UM B MOAEIN
GARCH.

Ilpn anmammse MHOTMX (PMHAHCOBBIX IIPOOJIEM OBLLIA 3aMedeHA acCUMMETPUA peak-
UMM Ha OTKJIOHEHUA, HApuMep MHQPJIANNA «OXOTHee» YBeJUYMBaeTcs, YeM yMeHbIa-
erca. Ha (pMHAHCOBBIX PBIHKAX BOJATUILHOCTHL OoJlee OLICTPO pearupyeT Ha IafleHNE
pPbIHKa, 4eM Ha ero pocT. B 1991 r. Hesbeor [17] npeAsosKnyl MofeJsb, MOJIYUMBIIYIO
HasBaHMe 3KcroHeHImasbHaa (exponential) GARCH (EGARCH) gna oTpakeHus Ta-

Z/lt—l

Jh,

Kot acummerpun. Mogess umeer Bun: Inh, =a, +o, f +y,Inh,  roe

-1 -9 1 U,
1

, e
\/H ht—l \/ﬂ‘ \/H

Dynrima f(.) oTpaskaeT pPeaKIMIO0 Ha «HOBOCTM» J CBA3aHA C KOPPEKIMEN TeKyIIero

S

YPOBHSA BOJATUJIBHOCTU lnhl YPOBHEM OTKRJIOHEHUA U, . O‘-IeBI/I,I[HO, 4TO pearLMa

acuMmMeTpuyHa. IIpy BBINOJHEHMM ycJoBuA u#, ; > 0 IHoxydaem of =0, +1, a npu

Z/lt—l

u, ; <0 monydaem ai =6, -1- MoskHO ToOKasaTb, 4To f (i, ,) SABJIfAETCA CUJIb-
i

HBIM O€eJIBIM IITYMOM C HYJIEBHIM MaTeMaTHYeCcKUM O/KMIaHMeM U ITOCTOSAHHON IOuclep-
cueit. CnenoBaTesbHo, mpollece Inhs, mogumusercsa mogemu ARMAC(L1) u Gyzmer cra-

1-1

IIMOHAPHBIM IIPV BBIIIOJIHEHUNM YCJIOBUA 7, < 1.

Mogemn GARCH(1,1), EGARCH u mogens IIIBepTa MoryT OBITEH IIpeCTaBJIEHBI
KaK 4JacTHBIE CJIydayu eIMHOI Mojesy, npesiioskenHoii Xurrumacom u Bepa [8] OTta 06-
maa Mmozess HoeuT HasBanme NARCH (Non-linear ARCH) u MoskeT OBITH IpencTaB-

V4
JieHa B CJeAYyIOIeM BUe! U{B = ( Iht) =a, +0‘1fﬁ(“tf1)+7/10£1' Eie omamM o6ob1ie-
HKeM ABJseTcsa noporoseni ARCH-nporece: U{B = ( /ht )ﬂ =a, +a1g(ﬁ) (”;4)“‘7/1(7{?1’ e

g P, y=06I@u,, > 0)|uH|ﬁ +0I(u, , < 0)|uH |ﬁ. 3nmeck yepes () obosHaueHa
PYHRIMA-MHAVKATOP, paBHAA 1 IIpK BBIIOJHEHUM YCJIOBUSA, YKa3aHHOTO B CKOOKax, 1
paBHad HYJI0O — B ocTaJbHBIX caydanax. Ilpu fF=1 mnonysaem TARCH-mozens
(Threshold ARCH) [25], a pu f = 2 mnonydaem Mmojesb GJR, mpennoxennywo I'no-

crenoM, JoxaranHatanoM u Paurgem [5]. KomrdgectBo Mommucpurarmit momemun GARCH
K HACTOALIEMY BpeMeHU BecbMa BeJMKO, OoJiee MOJHBIA 0030p MX MOMKHO HalTH B pa-
Hee IIMTUPOBaHHON MoHorpadum T. Mummnca [15].
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