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JERIIMOHHBIE I METOAUNYECKUE MATEPUAJIbBI

AHaans BpeMeHHBIX psajgosl)

Ranroposuu I'.T'.

SakaH4MBaeTca IyOmMKaIima Kypca «AHaJIM3 BPEMEHHBIX PAJOB». B
9TOM HOMEpE PacCMaTPUBAETCA [IOCTPOEHME HKOHOMMYECKUX MOoAeJseil ¢ He-
CTaIlMOHAPHBIMM perpeccopaMy, IIOHATIE KOMHTErparmn 1 ee cBasb ¢ VAR-
IIpefcTaBJeH)EM MHOIOMEPHOIO IIpoliecca, TeCTMPOBaHMEe HaJINM4UA KOMH-
TEerpalliOHHOM 3aBMCMMOCTY, OLleHMBaHME MIapaMeTpPOB MOZeJM IIpK HaJlu-
yny KomHTerparmmn. OTHesbHO paccMaTpMBAIOTCA MOIENM C KJACTepuso-
BAHHOM BOJIATMJIBHOCTBIO, HAIIEMINE HIMPOKOe IPMMEHEHMe IIPY aHaJN3e
(bMHAHCOBBIX BPEMEHHBIX PALOB.

Jexrmua 14

KRounrerpammus

PaccmoTrpeHHble 10 cuxX IOp MeTonbl oneHkM ADL-ypaBHEHMI, CBA3BIBAIOIINX
HECKOJIBKO DKOHOMMYECKUX II€PEeMEeHHBIX, IIPYMEHVMbI TOJIBKO AJIA CTAIMIOHAPHBIX Pi-
IoB. Bojslee To4HO, IepeMeHHbIE MOTYT OBITH M HeCTalMOHAapHBIMM, HO Tuna TSP, Ttorma
B KadecTBe JOINOJHUTEJIBHOTO perpeccopa B IIPaBYI0 YacTb MOZeay oOaBJIAETCA JO-
IIOJIHMTEJIbHAA O0BACHAIIAA [IepeMeHHad — JIMHENHBIN TPEeH, M OCHOBHBIM CIIOCOOOM
OLIeHVMBAHMA OcTaeTcsa MeTon HauMeHbIMX kKBazapaToB (MHEK). Ecin sxe mepemeHHBIe
ABJIAIOTCA HecTalMOHapHbIMM Tuia DSP (comepskaT enVHWYHBIN KOPEHBb), TO, KAK MBI
yKe BUIEeJV, BO3HMKAET OIaCHOCTb KaKYIIMXCsA (Spurious) perpeccuit. Pekomennye-
MBIIf IO CMX IIOp IIPMEM COCTOAJ B yYCTPAaHEHMM TPEHZa B3ATMEM IIOCJIEeO0BATEJbHBIX
pasHocTell 1 nasbHenmmM nocrpoeHneM ADL-monenyu Mesxny mnpeoOpa30BaHHBIMM Ta-
KMM 00pas3oM IlepeMeHHBIMIL.

C comepskaTeJIbHOM TOYKM 3PEHMA IOJIydeHHbIe MOJIENV ONMCHIBAIOT TOJBKO Kpar-
KOCPOYHYIO B3aJMOCBA3b MEKIY SKOHOMMYECKVMM II€PEMEHHBIMI. ¥ CTPAHUB TPEH/, MBI,
II0 CyTM, OTKa3blBaeMCd aHAJM3MPOBATH JOJI'OCPOYHOE IIOBEJleHVe IIePeMEeHHO 1 OT-
puUIlaeM BO3MOXKHOCTB CYILIECTBOBAHMA JOJITOCPOYHOTO PaBHOBECUMA MAJIA HECTalMOHAP-
HbIX nepeMeHHbIX Tuna DSP. A pesysabpratsl Hesbcona m Ilnoccepa mokasbiBaeT, 9To
OOJIBIIIHCTBO MaKPOIKOHOMMYECKNUX I[IepPEMEHHBIX OTHOCATCA MMeHHO K Tuiry DSP [15].
DarTUyecKM 5TO 03HAYAJO OBl OTCYTCTBME IOJITOCPOYHBIX 3aBUCMMOCTEN B MaKpPOSKO-

1) TIoxrorossieHO npu cogmerictBuy HanmonassHOro ¢ouzpa mnoxroroBku kanpos (HPIIK) B
pamrax mporpaMmbl «COBEPIIEHCTBOBAHME MPENOJABAHUA COLMAJIbHO-9KOHOMUYECKUX AUCIIAII-
JINH B By3aXx».

RanropoBuu I'.I. — nmpocdeccop, k. pus.-mart. H., mpoperTop ['Y—BIII3, 3aB. kadenpoit maTema-
TUYECKO HKOHOMMUKM ¥ SKOHOMETPUKIL.
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Homuke. OHOM M3 MONBITOK IIPEOAOJEHUA DTOr0 MHPOTMBOPEeUMs ObLIO pacluupeHye
Ilepporom kjaacca TSP-mopesnelt 3a cueT AONYLIEHUA KYCOYHO-JIMHEHOTO TPEHJA, C
YyeM Mbl yiK€ [O3HAKOMUJINMChb. KapamHaJbHBIM pelleHneM IPOOJIEMBI SBJIAETCA BBe-
nenHoe I'pamskepom n ISHrJoM [6, 4] MOHATHE KOMHTErPAIINN.

HO OTUMOJIOTUM 3TOT TepMI/IH O3Ha4daeT COBMECTHyIO I/IHTEI‘paLU/IIO, n 00 Cux HOp
COCYIIIECTBYIOT IMPAKTUKIM €ro HaIUCAHUA ¢ AeducoM U CaAmTHO. HauyHeM ¢ HECKOJIbKUX

opmasbHBIX onpenesennii. HamoMuuM, 9TO MBI Ha3bIBaeM IPOLECC X, MHTETPUMPOBaH-

HBIM HOpAnKa d u obo3HaUaeM 5TO ciexymomuM obpasom: X, ~ | (d), ecam pag ero Ko-
HEYHBIX pas3HoCcTell mopsaxa d ABJAETCA CTAlMOHAPHBIM. B 3TUMX TepMMHAX CTalVO-
HapHBIM CJIydalHbIM MpPOIlecC SBJAETCHA IIPOLIEeCCOM HYJIEBOTO IOPSAAKa MHTerpauuu, a
caaydaiiHoe Oayskmanue (c gpeiidpom mim 6e3) — nopsAnka uMHTerpaunm 1.

PaccmorpuM ajia HaudaJsia 1Ba BPEMEHHBIX pAJa IIEPBOTO MOPAAKA MHTErpalun:
X, ~ 1 (1), y, ~ (1), Te. oba OHM MMEIOT €MHNYHBI KOPEHb, ABJAIOTCA HECTAIMOHAP-
weIMK pagamu Tuna DSP. VIx auHeliHaaA KOMOMHAIMA, T.e. CyMMa C HEKOTOPBIMMU KO3(-
duienTamu, Z, =ax, +py, ~ (1), BOOOIIIE TOBOPSA, TOXKE ABJIAETCA PALOM IIOPAIKA
uHTerpamyy 1. OgHAKO MOYKET OKal3aTbCdA, YTO CYIIECTBYIOT TakKyue KOdPPULIVEHTHI
(a, B), 9TO JMHEeVHAA KOMOMHAIMA C STUMMU KO3(PEDUIMEHTaMM OKasKeTCA IIPOLIeCCOM
HYJIEBOT'O IIOpAAKa MHTerpalyyu, CTallMOHAPHBIM CJIydaliHbIM IIpolieccoM. VI ecsm Takas
JMHeltHasa KOMOMHAIMA CyIIeCTBYeT, TO PAALI X, ¥ Y, Ha3bIBAIOTCA KOUHMEZPUPOSAH-

HbLMU, & BEKTOP C KOMIIOHeHTaMu (@, }) Ha3bIBAeTCA KOUHMEeZPUPYOWUM 8eKMOPOM.
OTO ompefiesieHNe JIETKO 0000IMTE Ha OOIMil caydail ABYX PANOB IOPALKA MHTErpa-
LMY BBIIIE II€PBOIL

[Tycts mporecebt X, ~ | (d), y, ~ 1(d) uMeOT oAMHAKOBbIN MOPANOK MHTErpa-

t
i d. Torga ecom cymiectsyer BekTop (a, ), Takoit 4rto ax, + Ay, ~ |1 (d —b), rae

b > 0, To mpomeccer X; M Y, HasBIBAIOTCS KOMHTEIPMPOBAaHHBEIMIL VI 3TO 3amuchlBaeTcs
Tak: X,, Y, ~ Cl (d,b). IIpuaaro ob6osnauath uepe3 d MCXOIHBIN MOPANOK MHTErpa-

1y, a 4epe3 b — Ha CKOJIBKO MOPSJOK IOHMKaeTcA. VIexond u3 Takux 0003Ha4YeHU, B
OpebIIyLIeM Ciydae Mbl MOKeM 3ammcatb X,, Y, ~ Cl (1,1). B srom nanbosee pac-
[IPOCTPAHEHHOM CJly4ae YacTO OIIyCKAIOT IIapaMeTphbl B CKOOKax, T.e. IUIIYT I[IPOCTO
X, Y, ~Cl

OnpepiesieHne JIETKO MOKHO 00OOIIMTH Ha MHOTOMEpHBIN ciydait IlycTs MHOro-
MepPHBIM CIy4aiHbBIl Iporecc W, uMeeT mopanok mHTerpamym d: W, ~1(d), T.e. Bce
KOMIIOHEHTBI BEKTOPAa SABJAITCA [IPOLECCAMM OJHOIO M TOTO K€ IOPSAKA MHTErpalun
d, M CylecTByeT HEKOTOpas JMHeNHasd KOMOMHAIMSA KOMIIOHEHT BEKTOpa, KOoTopasd
UMeeT NOpANOK MHTerpupoBarua d—b (b>0). Torma xoMIoHeHTEI mporecca W, Ha3blI-

BAIOTCA KOVHTETrPUPOBAHHBIMIA: (&T\Tvt)~ I(d—b), a BekTOp @ HazBIBaETCA KOMHTET-

pupylonmM BeKTopoM. IIpaBsa, Kaxk Mbl YBUAUM B JaJIbHEHIIIEM, B MHOTOMEPHOM CJIydae
MOJKET CYIIECTBOBATb HECKOJIBKO JIMHEIHO HEe3aBJICHMBIX KOMHTEIPMPYIOIINX BEKTOPOB.
BepHeMca K coIydaro IBYX IIPOIIECCOB IIEPBOTO MOPAAKa MHTerpanmy. Ha nepssii
B3IVIAJ HEIOHATHO, KaKMM 00pa30oM CyMMMPOBaHME CJIIyYaifHbIX IIPOIECCOB MOXKET IIO-
HM3UTb NOPAAOK MHTerpauyy. OJHAKO uaesd MOJIydeH)A KOMHTErpalyy BecbMa IIPOCTA.
Curyaimsa HeCKOJIBKO HAIlOMMHAeT cienyouryio. IIpencraBeTe cebe, 9TO y Bac eCcTb IBe
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CJIyJaiiHBIX BeJNMYMHBL BooOIe roBopd, Mx JiMHeVHadA KOMOMHAIMA TaKiKe eCcTb CJIy-
yaijiHaa BesydyHa. OgHaAKO OBIBAIOT TaKye CJydalHble BeJUYVHBI, YTO UX HEKOTopasd
JIVHeHaA KOMOMHAIMA MOYKET OKa3aThCA NeTepMUHMPOBAHHON BeanunHo. Hanpumep,
oIpeesVIM CJIYYalHy0 BeJUUMHY Y KaK CyMMY CJIy4YaiiHOM BeJUYUHBI Z U JeTepMU-
HMPOBAHHOI BeJMuyHbL Torja JmHeHasd KOMOMHALMA CJIy4YalHBIX BeJauumH Y U Z C
Koa(ppuimenTamMmmn 1 u —1 COOTBETCTBEHHO, OYEBUIHO, ABJAETCA AeTepPMUHUPOBAHHONM
BEJIMYMHOM. AHAJIOTUMYHAA CUTYaIUA MOKET ObITh CO CirydamHbIMM IIporjeccamu. MoskeTr
CYILIECTBOBATh MX JIMHENHAA KOMOMHAIMA, KOTOpasa ABJIAETCA CTALVIOHAPHOIA.

IIpesxne uem aHAIM3MPOBATH (POPMAJIBHBIE MIOCJTIEACTBUA OIIpeAesIeHUA KOMHTe-
rpalMy ¥ pas3JyiMyHble IIPMMepHI, JaBaliTe pacCMOTPMUM, UTO O3HAa4YaeT CyIleCTBOBaHME
KOMHTEIPUPYIOIINX IIPOIIeCCOB cofepskaTesbHo. Ecan X Yy ~ Cl (1,1), To KasKIbI 13

IIPOIIeCCOB SBJAETCA IPOIECCOM TUIA CJIydalHOro OJIysKAaHMA, KOTOPBI MMeEeT CTO-
XaCTUYECKUil TPeHJA. A KOMHTerpauus O3HadaeT, UTO CTOXaCTUYEeCKMe TPEHIbl HTUX
IIPOLIECCOB ABVMIKYTCH B YHMCOH APYT C APYTLOM, IIO3TOMY €IIle TOBOPAT, YTO OHM MMEIOT
obmmit croxacTudeckuii Tpers. Ecan nonmpoboBaTh 1306pa3uTes 3TO CBOMCTBO rpadude-
CKM, TO MBI IIOJIyYMM CJIEIYIOUIYI0 CMMBOJIMYECKYIO KAPTUHKY:

A

/\A/v\ /Y>
vV \/

T'paduk geMOHCTPUPYET, UYTO CYILIECTBYEeT HEKOTOPOE COOTHOIIEeHVE MEXIY JIBY-
MfA SKOHOMMYECKMMM BeJIMuMHaMu (JMHelHas KoMOMHauma oX, + fy, ), KoTopoe sABJAeT-

CA CTallMIOHapPHBIM IIPOLIECCOM. CooTHoOlIIeHe MOYKHO mepenmncaTtb B BUAE yt Z}/Xt +Ut,

rge U, — cTalMOHapHBIM mpouecc. Ecau B3ATE MaTeMaTHdecKoe OKuAaHue oT ob0eux

‘-IaCTeﬁ, TO OKa3bIBa€eTCs, 9TO 3aBUCAIINE OT BPEMEHM MaTeMaTUYeCKMe OMMIaHUA He-
CTallMMOHaPHBIX IIPOIECCOB Xt u yt CBA3aHbl OEeTEPMMHVPOBAHHBIM COOTHOIIIEHMEM!:

MEKIy HUMU CYIIECTBYeT IOJITOCPOYHAA CBA3b. BOT B YeM CYIECTBEHHAsS Pa3HUIA.
KounTterpanus coBMeCTUMa C MOHATMEM [OJIFOCPOYHOTO PaBHOBECU:. XOTsS KaMKABIN U3
HECTAalMOHAPHBIX IIPOI[ECCOB «DIIysKaaeT» CaydalHbIM 00pa30M, HaJaM4Me KOMHTErpa-
UM «3aCTaBJIsAET» UX «OJIysKIaTh» BMECTe, He yXOAd AAJIEKO APYr oT npyra. Ilockosb-
Ky TEPMUH «CJIydaiiHoe OJIysKaaHue» MPOUCXOINUT U3 IIYTOYHON 3a7a4uy OMMCAHUA Tpa-
E€KTOPUM [BVIKEHNS MbAHOTO B YMCTOM IIOJI€, MOYKHO IPOMUJLIIOCTPUPOBATHL KOMHTErpa-
UMIO KaK JBJMOKEHME B YJMCTOM I10JIe ABYX IbSAHBIX, CBA3AHHBIX 3JIACTUYHBIM JKIYTOM.
Kasknprit nBmkeTca cam 1o cebe, HO JaJeKo pas3oifTiCh OHU He MOLyYT.

Ecin xe srobada JsimHeVHasaA KOMOMHAIMA JIBYX IIPOLIECCOB SABJAETCA HECTAIMO-
HaPHOI (IIpoIlecChl He KOMHTETrPUPOBAHBI), TO OKPECTHOCTh JIFOOOTO COOTHOIIIEHMUS ME-
Iy IepeMeHHbIMU HaOJI0aeTcsa C HyJIEBOM BEPOATHOCTbIO. MbI OTMeYasn, 4TO OJHUM
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1“3 CBOJMCTB HECTAI[MOHAPHOIO IIpolecca sBJIsAeTCA ODECKOHEYHO BO3PacTalollas ANUCIep-
cus, 4TO BjedeT 3a coboil BO3BpallleHMe K JMCXOIHOV TOYKe C BEPOATHOCTbIO HYJb U
YXOZ OT HEe CKOJIb YIOJHO [aJieKO. VI mo3TOMY TOBOPUTH O PAaBHOBECHOM COOTHOIIEHUN
0ecCMBICJIEHHO C COEPsKaTeIbHOM M CTAaTUCTUYECKOl Todek 3peHusa. Eciu ke cyiecr-
ByeT CTalMIOHAPHOE COOTHOIIEHMEe, TO SKOHOMMYECKN 3TO O3HAYaeT, YTO OHO Habiroma-
eTCsA O4YeHb YaCTO, ¥ €er0 MOYKHO pacCMaTpuBaTh, KaK JOJTOCPOYHOE paBHOBecue. A ec-
JIY HET KOMHTErPUPYIOIIEro COOTHOIIEHMsI, TO IIPOCTO OECCMBICJIEHHO HAa3bIBAThH PaBHO-
BecyeM TO 3Ha4eHMe, K KOTOPOMY IIPOLeCC IPaKTUYeCK) HUKOIJA He BEPHETCH.
CrenmoBaTesIbHO, KOMHTEIPUPYIOIlee COOTHOIIEHVE COOTBETCTBYET TOMY, UTO Me-
JKAY pacCMaTpMBaeMbIMM BeJIMYMHAMMU CYIECTBYET JIOJITOCPOYHOe paBHOBecue. VI To-
rga oluiasa OUMHaMMKA IIOBeJleHMsA IIOKasaTesell MOKeT ObITb pas3JioKeHa Ha JABE CO-
CTaBJIAIOIIME: JOJTOCPOYHOE IIOBEJEHME ¥ KPAaTKOCPOUYHOe IoBeneHme. Ilpuyuem mosiro-
CPOYHOE IIOBeJIEHNEe OMMChIBAETCSA KOMHTErPMPYIOUIM COOTHOIIeHneM. ITocMoTpuM, Kak
ONMCHIBAETCA KpPAaTKOCPOUYHOe 1oBeZeHMe. IIlycTb KOMHTErpMpyIolljee COOTHOIIEHNE

IpesCTaBIAeTCA B HOPMMPOBAHHOM BMJE CJEAYyIOIMM obpasoMm: Y, =X +& , The
& ~WN — 6espnt mrym. IlockonbKy X,, Yy, ~ | (1) aBaAoTca nporeccamu I(1), To mpo-
Leccel MX pasHocreil AX, u Ay, aBjswTca nponeccamy tuna | (0), T.e. CTAIMOHAPHBI-
mu. CozepsxaTenbHO AX, ¥ Ay, OIMCHIBAIOT cODOOJ KPaTKOCPOYHbIE M3MEHEeHMS MCXOJ -

HbBIX IlepeMeHHBIX. [IoaToMy ysxke 3HakoMasd HaM MojeJsib Koppekuum ommbdrammu (ECM)
Ay, =a-AX, + B(Y,, — X, ,)+ Vv, CBA3BIBaeT Meay cOOOl CTAlMOHAPHYIO BeJM4M-

Hy Ay,, cranuoHapHyH AX, M CTallMOHapHOe KOMHTerpupymoiee coorHouenue. Ilo-

CKOJIBKY BBIPasKE€HNE B cKoOKaxX sABJSETCS CTallMMOHaPHBIM, 9KOHOMIYECKasd MHTepIIpe-
Talysa MOoAeJt KOPPeKIMm oImMbKaMm COXpaHsAaeTCA TaKO JKe, KaK eCJn OBl IIepemMeHn-

HbIE ytI/I Xt ObLIN CTallMMIOHa PHBIMMN. RpaTxocpoqﬂoe VISMEHEeHNe HepeMeHHOVI yt 3aBU-
CUT OT KPATKOCPOYHOI'O0 M3MEHEHUA HepeMeHHOI?I Xt 7 OT OTKJIOHEHMA OT JOJI'OCPOY-

HOTO paBHOBECUA B Hpe,ubmymm?{ MOMEHT BPEMEHI. To ectb BBOAUTCA KOPPERKLMs B
3aBUCUMOCTHM OT TOT'O, Ha CKOJIBKO II€peMEeHHBbI€ OTKJIOHMJIVMICb OT CBOEro AOJI'OCPOYHOIO
PaBHOBECHA. HaHOMHI/IM, YTO DKOHOMMYECKM TaKOM II0AX0 OKa3aJiICAd O4YeHb IIJIOO0-
TBOPHBIM. BI:IHCHI/I.TIOCI:, 9TO MOJKHO B OJHOM YPaBHEHUM COBMECTUTb BMECTE KPaTKO-
CPO4YHOE M OOJITOCPOYHOE IIoOBeeHMeEe. OTMeTI/IM, uyro ECM umeet OOVH U TOT e BUJ
KaK OJId CTallMOHAPHBIX, TaK M JIsd HeCTallVMOHapPHbIX, HO KOMHTEIPMPOBaHHBIX IIepe-
MEHHBIX.

Tenepr ybenyumcs, YTO KOMHTETPMPOBAaHHBIE IIPOIIECCHI CYIIECTBYIOT. Paccmor-
puM, caenya SHroIy u I'pasmixepy [4, p. 263], caenyrommii npumep. IIyers coayuaiinble
nporeccel X, ¥ Y, ompefeleHbl ciuexymooumum obpaszom. X, + BY, =U,, X, +aY, =v,.
IIycrs Takke U, =U,_, +&, U V,=pV, , +&,, e &, u &, — HEKOPPEIUPO-
BaHHBIe Oejple mrymel IIpm ycJsioBmm, 9TO | p| <1, v, aABNAeTCA CTALMOHAPHLIM IIPO-
meccoM, a U; — CIOyd4aiiHbIM OonysxknaHueM Oes npeiicpa. Jpyrumm ciaoBamm: u, ~ 1),
v, ~ 1(0). CoBmectHoe pacnpenenenue X; u Y, TOJHOCTBIO ONPEJEJACTCA TPUBE-
IeHHBIMM ypaBHeHusAMU. OTMETUM, YTO MIMEET CMBICJ PacCMaTPUBATBH MOJEJb TOJIBKO

opm o # ﬂ , TaK KaK VHa4ve CHCTeMa IIPOTMBOpEeYdMBA.
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Onpenenum NopAAOK MHTerpaiuy mnpoueccos X, u Y. Ilna sToro mepeiizem ot

CTPYKTYPHOI K IPUBEJEHHON (POpMe MOJeJu, T.e. PAa3peluM CUCTEMY OTHOCUTEJBHO
X, n Y;. Ilonyuaem:

X, =—% u-—L_ 1
a-pf a-p

1 1
—a_ﬂut+a_ﬂvt~l(1)-

OueBnaHO, YTO KasKAblii M3 mpoueccoB X; u Y, ABJIAETCA IPOLECCOM IIE€PBOTO

IIOpAAKa MHTerpauumn. B To xe BpeMs, O9eBMIHO, 9TO CYILIECTBYyeT MX JIMHEHaA KOM-
6I/IHaI_U/IH Xt +C¥Yt, PaBHas CTallIOHAPHOMY IIpOIecCy, II0O9TOMY OHM ABJIAIOTCA KOVMH-

TETPUPOBAHHBIMU B CMBICJIE paHee NaHHOTO ompenesnenusd. llosromy X,,Y, ~ Cl (1,1).

IIpuBeneHHbBII MIPOCTOM NpPMMEP IOACKa3bIBAeT, YUTO CBOMCTBO KOMHTErpaluu
CBA3AHO C IIPEJICTaBJIEHNEM MHOIOMEPHOTO CJIyYallHOTO IIpollecca B BUJEe JIMHENHON MO-
nesy. OcobeHHO ynmoOHBIM OKas3aJsiochk mcrosib3oBanme VAR-monesmn. Hammume mmm or-
CYTCTBME KOMHTErpalmy MOKHO YCTAHOBUTH II0 3HAUYEHMAM XaPaKTEPUCTUUECKUX KOpP-
Helt VAR-mozean.

Haunewm c npocrertimtero caygasa mogenn VAR(1) nna asymepnoro mporecca. Co-
XpaHAd 0003HAYEeHUA IIPEeAbIAYIIEN IJIaBbl, PACCMOTPUM MOJIEJb

X! a B, B X, &
t 1 11 12 t-1 t
) = + ) + )

Xt o, ﬁgl ﬁgz Xt—l &y

;ﬂ_—/

A

B mpenbinymieil raoaBe Mbl yiKe JMCIIOJIB30BAaJIM IIPUBEJIEHME CUCTEMBI K IIPOCTEl-
mert popme, NPUMEHsA OMArOHAJBHBIA BMI MaTpuubl A, 1A ciaydas, xorga cober-

BEHHBIE YICJIa HTOM MaTPMUIbl padindHbl. OKa3bpIBaeTCd, 9TO IIPEICTABJICHNE TT03BOJIAET
JICYEPIBLIBAIOIIIE JICCIIELOBATh CBOVICTBO KOMHTETPAIINIL
Bes morepn o0IIHOCTM IepeiifieM K II€eHTPMPOBAHHBIM IIepeMeHHBIM. IIycTs co0-

CTBeHHble yucja Marpunbl A, pasziuussl: A, # 1,. Kak u B npegsiaymei jexumn,
oTIpesiesIM BEKTOP HOBBIX NepeMeHHBIX cooTHomenvem Y, = C 'X,, rme C — martpuna,
CTOJIOIIBI KOTOPOJl ABJAIOTCA COOCTBEHHBIMM BEKTOPaMM, COOTBETCTBYIOLIVMMM COOCT-
BEeHHBIM 4nuciaM A, um A, COOTBETCTBEHHO.

B HOBBIX IIepEMEHHBIX CJCTEMa yYPaBHEHUI paclajaeTcs Ha JiBa OTEeJbHBIX
YPaBHEHNUA:

i =AY
ylz =4, Ytzfl + 7712 ’
rIe depes 7, 0003HaUeH IIPeoOpPa30BaHHbI BEKTOPHbIN OeJIbIi IIyM.

Kak MbI y’Ke yCTaHOBUJIM paHee, eciiM XOTdA Obl OJHO M3 COOCTBEHHBIX YMCEJI IIpe-
BBIIIAET [0 MOJYJII0 €QVHUIITY, TO XOTs Obl OHA U3 KOMIIOHEHT BEKTOpa yt He IIPUBO-
AUTCA K CTAllIOHAPHOMY IIPOIECCYy B3ATMEM IIOCJIeN0BATEJIbBHBIX paBHOCTeﬁ. Ho TOrga
3TUM CBOJCTBOM O6JIa,ZIaIOT I KOMIIOHEHTHI IIporecca ;(t , TAK KaK €ro KOMIIOHEHTBbI AB-
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JIAIOTCA JIMHEHHBIMY KOMOMHAIMAMY KOMIIOHEHT BeKTopa Y, (Hamomumm, uto X, =Cy, ).
ITosTOoMy B JajibHeilIeM Mbl He OyZeM pacCMaTpMBaTh CJIydail «B3PBIBHON» HECTAIMO-
HapHOCTU. Ecam ske 06a KOPHSA [0 MOZYJII0 MEHBIIE eIVHNIIBI, TO KOMIIOHEHTHI IIpoIlec-
ca X, ABJANTCA CTAIMOHAPHBIMM, ¥ BOIIPOC O KOMHTErPaI(My He BO3HMKAET.

IIycte Teneps A, =1 u |/12| <1. Torma y, ~1(1), y} ~1(0), u obe xomro-

HEHTBl BeKTopa X., KaK JIMHEelHble KOMOMHAIVM IIPOLIECCOB HYJEBOTO ¥ IIEPBOrO IIO-

)
PAOKOB MHTErpanmm, 6y,£[yT IIEePBOro IIOpsAAKa MHTEerpanmm. Ho nesawnza 336bIBaTb, qTo

CIIpaBeqJINBO U O6paTHOeZ KOMIIOHEHTBI BEKTOpa yt SABJIAIOTCA JUHEMHBIMM KOMOMHA -

IMAMY KOMIIOHEHT BekTopa X,. CienoBaTesbHO, CyIeCTByeT JIMHEeHAaA KOMOMHALMA

2

mporieccoB X, u X/,

[IEPBOrO IOPAMKA MHTErPaIUy KasKAbli, ABJANEAACA CTAIVO-
HapHBIM IIpolieccoM. KoadppuiimeHTsl 9TOM JMHEIHO! KOMOMHAIIMYM ABJIAIOTCA 3JEMeH-

o - 1
TamMu BTOPOI cTpoku mMatpuil C~'. B COOTBETCTBMM € ONIpesieIeHreM MPOLEeCcChl X, U
2

X; KOMHTEIPMPOBaHBIL

B npegpiayieit siekumuy Mbl BBest B paccmorpenne matpuny 11 =1 — A un or-
MEeTWUJIM, YTO COOCTBEHHbIE BeKTOphl Martpuu I m A coBmagarmor, a umx cOGCTBEHHBIE
4ycJa JONOJHAIOT APYT Apyra no eauHunsl IloaToMmy ycsoBue Hajmuumus OOHOTO e€nM-
HUYHOTO COOCTBEHHOTO 4ucja y MaTpuilbl A, 03Ha4YaeT HaJM4Yue OJHOTO HYJEBOTO COB-
CTBEHHOTO umcja y marpuibl Il, a 5To, B CBOIO Odepenb, SKBMBAJEHTHO PABEHCTBY

enuHune panra matpuns! [1. Vcnonesysa auaronasdpHOe npencTaBjieHyre matpunsl I,
oIy JaeM:

0 0 -1 Ci Ci 0 0 Ell E12 (1 - /Iz )Clz ~ ~
nm=C C = ~ ~ | = (021 Cn )
0 (1_2‘2) CZI 022 0 (1_2‘2) C21 C22 (1_2‘2 )C22
3nech 4epes C; 006o3Ha4YeHb! dieMeHTHl Matpunpl C, a gepes Eij — BJIEMEHTBI
matpunbl C~'. ObpaTum BHMMaHMe, 4TO MaTpuna Il paszJyoskeHa B IIPOU3BeEHNE

(pakTOpM30OBaHA) ABYX MPAMOYTOJIBHBIX MaTPUI[. BEKTOPa-CTOJOIA HA BEKTOP-CTPOKY,
IIpMYeM BEKTOP-CTPOKA IIpeJicTaBJAeT co00l KOMHTerpmpymomuii BekTop. Eie pas
IIOJYEePKHEM, YTO HTO IIPOCTO BTOpPad CTPOKA MaTPUILI, OOpaTHOV MaTpUIle, COCTaB-
JIEHHOJ 13 COOCTBEHHBIX BEKTOPOB MaTpunsl I1.

ITycts Temeps A, = 4,. B aroM ciydae, Kak Mbl ysKe YIIOMMHAJV, CYLIECTBYET

HEeBBIPOIKIeHHAsA MaTpuua P, takas uwro P AP =J u A =PIP ' rge J — sxop-
A
JaHOBa MaTpuua: J = o Al OnpenennB BEKTOP y, = P’l)”(t (X, = Py, ), momygaem

CHCTEMY COOTHOILIEHMIA:
ytl =4 ytl—l + ytz—l + 7711
ytz =1, ytz—l + 7712 :
IIpu |/1|<l BTOpOe ypaBHEHME IIPeJCTaBJsgeT co00l CTAlMOHAPHYIO MOJEJb

AR(1l), a nepBoe — craumoHapryio monens ADL(1,1), u o KoMHTerpanum pedb He UJET.
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Econ xxe A = 1, TO M3 BTOPOro ypaBHEHNMdA cJjenyeT, 49TO yt2 ABJIAETCA CJ'Iy‘-IaVIHI:IM

2
Oony:xmauvem, T.e. Y, ~ |(1). IlockosbKy IepBoe ypaBHEHME CBOOUTCA K BULY
1 2 1
Ay, =Y., +1n,, TO 0Jd OOCTVKEHNA CTAIMOHAPHOCTM HYKHO ellle pas3 B3ATb II0CJe-
1 — _ —
ZIOBaTeJIbHYI0O Pas3HOCThb. JTO o3HauaeT, uro Y, ~ |(2). Ilockosmeky X, = PY,, ero obe

KOMITOHEHTBI ABJAIOTCA IIPOIjeccaMy IopAnka MHTerpaumum 2. B To xe Bpemsa cymecT-
o 2 o
ByeT MX JIMHeWHasa KoMOmHanua (Y, ), deit mopAnoxk uHTerpanum paseH 1. CiaepoBa-

TEJIbHO, TV KOMIIOHEHTHI KOMHTEerpupoBassl: X, X, ~ Cl (2,1). O6a cobcTBeHHBIX umcsa
MaTpuisl [1 paBHBI B 9TOM ciIydae HYJIIO, a ee paHr paBeH 1. B aTom ciayuae maTpuia

0 -1 P Pu (0 -1) Py P -p
- 11 12 11 12 11 = =
Im="r P = o ~ = (p21 pzz) TaKIKe
0 0 p p 0 0AP p - P
21 22 21 22 21
dhaxTOpU3yeTCA B IIPOM3BEEHNE NMPAMOYTOJIbHBIX MaTPUI], ¥ BTOpad M3 HUX JaeT KO-
VHTETPUPYIOINI BEKTOP.
Haxonern, npmu paBeHCTBe COOCTBEHHBIX UMCEJI MOYKET TeM He MeHee CYII[eCTBO-
BaTb JBa JIMHEHO HE3aBMCHUMBIX COOCTBEHHBIX BEKTOPA, COOTBETCTBYIOIINX 3TOMY COO-

CTBEHHOMY uuciy. B orom ciywae marpunsr A, u Il npusBogATcs K [UaroHAJILHON

o o 1 1 1

dopme, u cucrema ypaBHeHMII [JiA BeKTOpa Y, NOpMHMMaeT BuA: Y, =Y, , +7,
2 2 2

Y. =Y., +1n,. Obe xomnonents! oTaocarca k tumy | (1), mosTomy obe KOMIIOHEHTBI

1 o
BeKkTOpa X, TakiKe orHocarca K tumy | (1), a xommTerpmpyromeii KoMOuHAIMN HET.

3ameTymM, yTo Matpuia Il B 9TOM ciaydae cOCTOMT M3 OLHMX HyJel, u ee paHr paseH (.
Teneps paccmoTpuMm ciaydait monean VAR(1) nia TpeXMepHOTO CJIydalHOTO BEK-

Topa, marpuua A, umeeT 3 COOCTBEHHBIX 4YMCJA, M HAGOP BO3MOYKHOCTEN HECKOJBKO
pacmmipaerca. Haunem co ciydas, xorzga ‘/11‘ <1, |/12| <l, ;=1 un A4, # A4,. Torga
matpuna C u3 coOCTBEHHBIX BEKTOPOB CYIIECTBYET, M CUCTEMA YPaBHEHMII IJIA KOM-
IOHEHT BEKTOPA Y, PaclaJaeTcA Ha OT/eJbHbIe yPaBHEHNA!

Yo =AY+
y12 =1, ylz—l + 7712
YS = y1371 + 7713'

OueBugHO, YTO TpeTha KoMmmoHeHTa Oymer tuma | (1), a mBe ocrasbHble — THIA
I (0). ITosToMy Bce KOMIIOHEHTHI BeKTopa X, OyayT tmma | (1), B To :xe Bpema ABe ux
JIMHeTiHbIe KOMOMHAIIMM, COOTBETCTBYIONME epeMeHHsM Y, u Y, , 6yAyT cranmoHap-
HBIMI. DTO O3HAYAET, UTO NepeMeHHble X,, X., X, KOMHTEerpMpOBAHBI, U CYIIECTBYET
[IBa JIMHEHO He3aBMCUMBIX KOMHTETPUPYIOIINX BEKTOpa. OTU IBa BEKTOPA ONpeesisi-
0T JIMHEHOe TOZIPOCTPAHCTEO, KasK/(blil SJIEMEHT KOTOPOro Oy[eT KOMHTErPUPYIOIINM
BEKTOPOM. DTa CUTyalUs MPENATCTBYEeT HEeIOCPeACTBEHHO! MHTEePIpeTalui KOUHTEr-
PUPYOIIUX BEKTOPOB KaK JOJIOCPOYHBIX 3aBUCUMOCTE MEKIY [E€PEMEHHBIMU, BEIb

Telnepb TakKUX COOTHOILIEHNIT O€CKOHEeYHO MHOTO.
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Panur matpuis! Il paBeH 2 u BHOBb COBIAzaeT C YMCJIOM JIMHENHO HE3aBUCHUMBIX
KOMHTEIPUPYIOINNX BeKTOPOoB. Huuero mnpuHIMNMAJIBHO HE MEHAeT CcJiydail, Korga

3 2
A, = A,. B orom ciayuae y; mo-mpesxknemy mporecc tuma (1), y; — tuma 1(0), a
1
Yy, ompegenasercsa momgesbio ADL(1, 1) u TakyKe ABJAeTCA CTAUMOHAPHBIM, T.e. THUIIA

I (0) . Bce xoMmOHeHTHI BeKTOpa X, ABIAI0TCA nporeccamu tuna | (1), a mepemenusre

Yy, ¥ Y, ABIAIOTCA CTAIMOHAPHBIMU JIMHEIHO HE3aBUCUMbIMU KOMOMHAIIMAMY KOMIIO-
HEHT BeKTopa X,, T.e. CyIIEeCTByeT [Ba JIMHEIHO HEe3aBMCUMBIX KOMHTErPMPYOIIX
BEKTOpa.

Matpuna Il jserxo npuBoauTca jmbo K AMArOHAJBHOMY BULY:

1-4, 0 0 1-1 -1 0
0 1-4, 0| mOorBUAY | (o |_j (|, 9TO IAET COOTBETCTBEHHO
0 0 0 0 0 0

1-4, 0 0 (1)
Mm=C| 0 1-4, 0[C'=|1-4)|1 (1—/12)2( J

(2 )

0 0 0
-4 -1 0 (1)
mbo TT=P| 0 1-4 O|P'=[a-A)|1]| (1-21)2]|-]|1 (( ) )J.
0 0 0

Yepes | 1 | n | 2 | obo3HaUEeHBI IIEPBEBIN 1 BTOPOI cTonOIbl MaTpunel C nim P, a

yepes ( 1 ) u ( 2 ) — COOTBeTCTBYMOIIME CTPoku MaTpuiel C~' mm P,
B obonx cayuaax martpuna [1 passoskeHa B IpousBeleHNE NPAMOYTOJIBHBIX MaTPUII
pasMepHOCTBI0 (NXT) 1 (I XN) COOTBETCTBEHHO, I7le N — PasMEPHOCTb BEKTOpa X, a T —

paur matpurrsl I1. IIpy 3TOM CTPOKM BTOPON M3 MaTPUI] ABJIAIOTCA KOMHTETPUPYIOIIVIMM
BEeKTOpaMI. B smrepaType NOYeMy-TO IPMHATO 000O3HAYATE DTY MaTPULBl CTPOYHBIMU

T T

rpeveckumu OykBamu @ u [, u dpakTopusaims 3amucoiBaerca B Buge [1=af .
Temepb paccMOTpuM ciaydait, korma A, =4, =1, a |/13| <1. Econ mpu stom

KpaTHOMY COOCTBEHHOMY umciy A, =1 cooTBeTCTByeT TOJIBKO OOVH COOCTBEHHBIN BEK-

o - _1 —
TOp, TO CUCTEMa ypaBHeHMIt 4ja Bekropa Y, = P X, mpurumaer Bux:
1l 2 1
Yo = Yt Yo + &
2 2 2
Yo = Y T &

3 3 3
Yo =AY, tér-
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3 2 1 v
OueBUHO, YTO Y. ~10), y, ~ 1D, y, ~1(2). Bce koMmoHeHTHI BeKTOpa X,
oTHOCcATCA Torga K tumy | (2), u cymecTByoT ABE€ KOMHTErpUPYIOIIE JIMHEHbIE KOM-
2
6unarym. OnHa M3 HMX, COOTBETCTBYIOIIAA Y , IOHMMKAaeT MOPANOK MHTerpanmm mo 1,
3
a BTOpasd, COOTBeTCTBYMomasa Y , moHm:kaeT nopagok o 0. Panr matpuns: I1 pasen 2,

T
ee pakTopmsaiusa B Bume 11 = a¢ff ' omsATb MMeeT mecTo.

Ecou ’xe KpaTHOMY eIMHUYHOMY COOCTBEHHOMY B3HAYEHMIO COOTBETCTBYET [Ba
JIMHEHO He3aBMCUMBIX CcODCTBEHHBIX BeKTOpa, To VAR-Monmens nia BekTOpa Y, pac-

IIagaeTCd Ha YypaBHEHUA OJIA OTAEeJIbHBIX KOMIIOHEHT.

1 1 1
Yi = Y t &

2 2 2
Yo = Yoo t &

3 3 3
Yo = /13yt-1 &

3 2 1 <
Torma y; ~ 1(0), y;, ¥, ~ | (1). KommorenTe! BekTopa X, OyIZyT IpoIieccamu
tuna | (1), u cymecrByer Jsuinb OfHA KOMHTETPUPYIOIIAS KOMOWHALMSA, COOTBETCT-
3
Byrom@as Y; . Paur matpuusl I1 paBen 1, u oHa MosKeT ObITb IIpeJCTaBJIEHA B BUIE
[IpOM3BeeHNsI BEKTOPA-CTOJOA HA BEKTOP-CTPOKY, KOTOpasd M SABJSAETCSA KOMHTEIrpH-

PYOIINM BEKTOPOM.
Ocrasoce paccmorpers caydait, Korma A, = 1, = A, = 1. TOMy TpexkpaTHOMY

CO6CTB€HHOMy qUCJy MOKeT COOTBETCTBOBATH OAVIH, JBa VJNM TPU JIMHEHO He3aBUCHU-
MBIX COOCTBEHHBIX BEKTOpPa. Ecan rakoi BEKTOP OAVH, TO OJIs BEKTOpPa yt II0J1y4q9aeTCs

CJIeYIOIAA CUCTEMA:
1

Yo = ytl—l + ytz—l +7711
ytz = ytz—l + yt3—1 + 77t2
yt3 = y13-1 +77t3'
Kowmmonenta Y., ~ | (1), xommonenra Y., ~ |(2), u xommonenta Y, , ~ | (3).
Bce xommoHeHTHI BekTOpa X, OymyT Tuma | (3), u cymecTByeT IBe KOMHTErpupyoIye
KOMOMHAIMM, MMeIolye IMOPANOK MHTerpanmy 2 (COOTBETCTBYET ytz) u 1 (coorBeTcT-

3 o
ByeT yt ) Panr MaTpPUIbL I1 BHOBB PaBE€H 4YMCJy JVMHEVHO HE3aBUCHMBIX KOMHTErpn-

PYIOIIUX BEKTOPOB, T.€. BYM.
Ecnn cobcTBEeHHOMY dYHCIy COOTBETCTBYET JIBa COOCTBEHHBIX BEKTOpPa, TO JJIA

BEeKTOpa yt II0JIy4YaeTCs CJeAyrollas cucreMa:

1 1 2 1
Ye = Y t Yo 1,

2,2 2
Yo = Yo T,
33 3
Yo = Yot
Kommonentor Y. ,, Y., ~ (1) u xommomenta Yy, 6 ~ 1(2). Bce KOMIIOHEHTBI

BekTOpa X, GymyT Tmma |(2), u cymjecTByeT TOJBKO OfHA KOMHTErpUpYIOLIad KOMOU-
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HaIMA TOpAgKa uHTerpamvu 1 (coorBerctByer Y. ). Pamr marpumnr Il BHOBL paBeH
4JCITy JIMHEHO He3aBMCUMBIX KOMHTETPUPYIOIINX BEKTOPOB, T.€. €qUHMUIE.

Haxonern, ecsay cOOCTBEHHOMY YMCJIy COOTBETCTBYIOT TPU JIMHEIHO HE3aBUCHUMBIX
COOCTBEHHBIX BEKTOPA, TO CUCTEMA yPaBHEHUI JJIA BEKTOpa Y, pacmajaercd Ha 3 OT-

AEeJIbHBbIX YPaBHEHWUA!
1

Y = yll—l +7711
y12 = ytz—l + 7712
YS = YiI +7713'

Bce KOMIIOHEHTBI BEKTOpa Y, ABJIAIOTCA MHTETPMPOBAHHBIMY IIPOIECCAMI IIOPAL-
ka 1. Bce komnoneHTB! BeKTOpa X, Takske OynyT Tuma | (1), u He cymecTByer HU Of-

HOV KOMHTerpupytoreii komonaamym. Paur matpuisl 11, cocrosreit Teneps 13 OJHUX Hy-
JIeii, BHOBb PaBEeH YMCJLy JIMHENHO HEe3aBMCYMBIX KOMHTETPUPYIOIIMX BEKTOPOB, T.€. HyJIIO.

Oxa3sblBaeTcsd, pe3yJibTaT PACCMOTPEeHMA yZoOHee 1 DJeTaHTHee BLIPA3UTH B Tep-
MUHAX paHra MaTpuibl I, 4eM B KoJudecTBe eAUHMYHBIX KOpHeil martpuubl A,. Mer
haKTMUeCKM yCTaHOBUJIM, YTO €CJM JBYMEPHBIN MJIM TPEXMEPHBIN CIIydaliHbIN IIporecc
uMeeT IIpeacTaBjeHue B Buge mogean VAR(1) u cpenu ero xapakTepUCTUYECKUX KOP-
Hell HM OOMH II0 MOJIYJIIO He IIPEBBIIIaeT eAVHUIILI, TO KOJIMYIECTBO KOMHTETPUPYIOIINX
JIMHETHO HEe3aBMCHUMBIX BEKTOPOB MEKJYy KOMIIOHEHTaMM IIpolecca B TOYHOCTY PaBHO
paury matpunst 11 = | — A, . Ilpu sTom BoBCe He 0653aTENBHO NONMB30BaThCA VAR-MO-
JleJIbI0, Ba’KHO JIMIIIb, YTOOBI MHOTOMEpPHBI npoltecc gonyckas VAR(1) mpexncraBienne.
Cpasy orMeTmM, 4TO paHr MaTpuilsl Il paBeH dYmMCIy HyJIEBBIX COOCTBEHHBIX YICEJ
3TOJ MaTPUIBL

OcraJsiocs 0000IIIMTE STOT BBIBOJ Ha CJydall IIpoliecca Jiro00il pa3sMEpPHOCTM U
oburyo momesns VAR(p). ObobiieHre Ha MHOTOMEPHBIN IIPOIeCC AOCTATOYHO OYEBMIHO
U3 LENOYKY NPEeABIAYIINX pacCysKaeHuil. VI, HaKoHell, pacCMOTPMUM OO CcIydail Mo-
pemt VAR(P) y, = Ay, +..+ A)Yy,_,+&- OTO ypaBHEHNe MOKHO IePemnmucartb B

IPYTOM BUJie IIOCJIe TaKUX Ke IIpeo0pasoBaHMII, KaK M IIpM BeIBOAe ypaBHeHusa ADF-
TecTa:

Ay, =-I1y,, + BJAy, , +..+ Bp—lAyt—p-H + Et'

a marpunsl B, ,., B, BeIpakaroTca dge-

3pece matpuma [I1=1-A -A,—-...—-A 0

p
P

pes martpuuel A, .., A, crepyomum obpasom: B; = - Z A, . Jloka3aTeJbCTBO TOTO,

i=j+1
YTO HaJM4Me KOMHTErpalMy CBA3aHO C BBIPOKIEHHOCTBIO MaTpuubl Il, mim, Oogee
TOYHO, YTO KOJIMYECTBO KOMHTETPUPYIOIIMX BEKTOPOB B TOYHOCTY PAaBHO PaHTIy MaTpU-
uel I1, Tpebyer mcrosb3oBaHMA OJOYHBIX MATPUI] M OCTAHETCA 32 PaMKaMM HaIIETo
Kypca. JJoka3aTeJbCTBO MOXKHO HalTU, HAIIpUMED, A p = 2 B yuebHuKe J[»KOHCTOHaA M
Ou Happo [12]. Vimea moxasaTesbCcTBa 3aKJIOYAEeTCA B CTAHAAPTHOM CBEJIEHUM CUCTE-
MBI Pa3HOCTHBIX yPaBHEHMI INOpAAKa P OJA N IePEeMEeHHBIX K CUCTEeMe Pa3HOCTHBIX

YpaBHEHMII IIepBOTrO IMOPAMKA, HO MJIA PN nepeMeHHbIX. MaTpuiia npeobpas3oBaHHO

cucreMbl 00JaiaeT DJIOYHON CTPYKTYPOIl, a XapaKTepPUCTUUECKNE YPaBHEHMA UCXOIHO
u npeodpa30BaHHONM CUCTEM COBIAJAIOT. JTa YacCTh JOKA3aTEJIbCTBA U SABJIAETCS HaU-


http://www.pdffactory.com

2003 JIEKIJIOHHBIE Y METOJAUYECKUE MATEPJAJIBI 89

Bostee cyroskHONM TexHMYeCKN. JIJIA MCXOQHOTO ypaBHEHNA, KaK Mbl yiKe YIIOMMHAJIM, Xa-
pakTepucTudeckoe ypasaerve umeer sum: det( APl — APTTA — . — A,) = 0. Caenosa-
TeJIbHO, CYIIECTBOBAHME EIVHMYHOTO KOPHA y MCXOJHOTO YPaBHEHMSA OSKBMBAJIEHTHO
CyIIeCTBOBAHMIO HyJIEBOTO KOPHA y BeIIIeNpuBeneHHoi MaTpuisl [1. C nmomoreio pac-
CY’KIEHMI, aHAJOTMYHBIX IIPOBEIEHHBIM BBIIIE, MbI IPUXOAUM K CJIEIYIOLIEMY 3aKJII0-
gennio. Panr marpuust [T =1 - A - A, —...— A, paBeH 4uciy JMHE/HO HE3aBUCUMBIX
KOMHTETPUPYIOIIMX BEKTOPOB. DTOT IIOKa3aTesb IPMHATO HA3BIBATbH KOUHMEZPUPYIO-
WUM PAH2OM.

Vraxk, ecom MexxIy KOMIOHEHTaMl BEKTOpa Y, CYIIECTBYIOT KOMHTErpMpPYIOIIe
COOTHOIIIEHNA, TO MX KOJMYECTBO PAaBHO KOJMYECTBY HYJIEBBIX COOCTBEHHBIX dIICEJI

MmaTpuubl [, mpuyeM He Bce KOMHTErpMPYIOIINME COOTHOLIEHMA MAIOT CTAallIOHAPHEBIE
JUMHEHbIE KOMOVHAIINN.

Jexmua 15

ROI/IHTEI‘paIlI/IOHHaH perpeccusa M TECTUPOBAHNIEC KOMHTErpanmnum

Jlo cux mop MBI paccMaTpMBaJM KOMHTETPALMIO KaK HEKOTOpoe cyrybo TeopeTm-
yeckoe cBo¥CTBO. ITocMOTpPMM, UTO MEHAET HaJM4Me DTOr0 CBOMCTBA [JIA OI€HMBAHUA
perpeccuii ¢ HecTalMOHAPHBIMM IIepeMeHHbIMM. BepHeMcA K pacCMOTPEHHOMY B IIpe-
IOblnylielt gekuyy npumepy I'psHsxepa n OHrJa: ciydalinble mnpouecesl X, u Y, ompe-

ZleJIeHBI CJIeYIOIMY COOTHOIIeHNAMI: X, + Y, =U,, X +aY, =v,, tme u, = U, , + &,
nv, =pv,, +é&, (&, né&, — HeKoppempoBaHHbIe Oesble mIyMbl). Mbl yse ycTaHO-
BusM, 9T0 X, U Y, KOMHTerpupoBaHbL IlycTb y Hac ecTb Bribopka o0bema T m3 obeux
nepemeHHBIX. [Tompobfyem mocTponTb 0ObIMHYIO perpeccuio X, Ha Y, METOZOM Hau-

MEHBIINX KBaJApaToB. Kak MbI IIOMHMM, B 3TOM CJIydae CYILIECTBYET OIIaCHOCTb II0JIy-
YNTh B pe3yJbTaTe KasKYILIYIOCA pPerpeccuioo. Y IMBUTEJIbHAA Belllb 3aKJI0YaeTcs B

caenywomem. Hecmorpa Ha To, uro X, n Y, ABaATCA npoueccamy tumna | (1), oKasbl-

Bae€TCsd, 9TO B CJydae, eCJM IIPOLEeCChl KOMHTErpMpoBaHbI, OLIEHKA MHEK KOS(i)(bI/ILU/IeH—
TOB perpeccum CTaHOBUTCSA cocToATeJabHONI. VI MOSKHO, HECMOTPsA Ha HECTAlMMOHaPHOCTb
IIePpEeMEHHBbIX, IIPMMEHATDH OOBIYHBIE perpeccmnonHuble MeTObI.

IIaBaf?ITe IIOCMOTPHUM, IIOYE€MYy O9TO Tak. OHEHKa KOQ(*)(*)I/ILU/IQHT& HaKJIOHa B per-

_ A XY
peccun X, =a+ )Y, +&, Oyner BbIpaskeHa M3BECTHBIM BhIpasKeHNEM y = —‘zt IIo-
2V
CKOJIBKY MaTeMaTUdecKue O0KUAaHUSA 00erX HepEeMEeHHLIX PaBHbI HYJIO, MOYKHO 3aMe-
HUTb B 3TOM BBIPQKEHUM CTPOYHBIE OYKBBI HPOMMCHBIMU. VICIIOJIb3yeM MNpUBEIEHHYIO
dopmy Harrelt cucTeMsl:
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Vcnonsaysa Teopemy Coynkoro u ToT (PaKT, UTO NUCIIEPCUA CTAIMOHAPHOIO IIPO-
Ijecca V, IOCTOSHHA, a AMCIEPCUSA IIpoliecca CiydaiiHoro OsyskjaHua U, CTPeMUTCA K

6eCKOHe‘-IHOCTI/I, TIOJIyYIVIM!:

1 a
plim| — > xtytj Cov ( u, - Vi u, + V)
plim y = Tl = a-p s s =
lim| — ? var( — u, + v
p lim TZyt ( 7Y 5 )

_ —avar(Uu,)— S var(V,)
- var( U, )+ var(Vv,)

TS -

CienoBaTessHo, orjeEka MHK kosdppurmenTa HakJIOHA SBJIAETCA COCTOATEIb-
HOM OueHKOVI HOPMVPOBaHHOTO KOMHTETPHMPYIOIIEro COOTHOIIECHMS. Bouee TOTrO, MOJKHO
IIOKa3aThb, 9TO CKOPOCTHb CXOAVMMOCTM OLI€HKM BBIIIE, 9eM B CJIy4dae€ OLIEHKI MHE AJIA
cTanMoHapHLEIX perpeccuit [22]. TIOCKONLKY AMCHepCus CIydaiiHOTO OJIYKIaHUSA PacTeT
IIPOITIOPUVOHAJIBHO T, CKOPOCTBh CXOAMMOCTH IIPM HaJMYUM KOMHTErpanum IIpoIropumo-

1
HaJIbHa —, B TO Bp€Ms KaK [QJIs CTAIIOHaAPHBIX PErpeccopoB CKOPOCTb CXOAMMOCTIU
T

MIPOIIOPLVOHAJIBHA TOJBKO L OTto cBoricTBo oneHok MHK mpm Hasmmunm komHTerpa-

VT
LMY HA3BIBAIOT CYNEPCOCMOLMEALHOCTBIO.
Opnako perpeccus X, Ha Y, UCIOJIb3YET He BCIO MH(OPMAIMIO, CO/IEPIKAIILYIOCH

B JCXOJHOI MoOZeJsM. YMHOMKMM BTOPOe U3 ypaBHEHMII IIpUBENEHHOV (DOpMBI HA o U
CJNOKUM C IepBbIM ypaBHeHueM. lloayuum X, +aY, = v, = pv, . Craugapraemm 06-

pasoM Tosy4Yaem:
Xit+aY, —p(X +aY, ))=v,—pv,, =&y,
mwm AX, = -aAY, +(p-D(X,_, +a¥Y,_ )+ &,-

ITosyueHHOEe BBIpasKeHMe IpPeJCTaBJAeT COD0il yKe 3HAKOMYIO HaM MOJeJIb KOPPEKIUn
ommbKamMy, B KOTOPOM KOMHTETPUPYIOIlee COOTHOIIIeHVE WUIPaeT POJIb JIOJITOCPOYHOTO
COOTHOIIEHMA MEXXJY IlepeMeHHBIMU. OTa MogeJsb cooTBeTcTByeT Mogmean ADL(1,1) c
HECTalMOHAPHBIMM perpeccopammu, a mMeHHO: X, = pX , —a¥Y, —paY,_, +¢&,,- IIo-
HATHO, yTo ECM n ADL(1,1) ABiAmTCA pa3iIUYHBIMM IapaMeTpMU3alAMY OIHOM M TOM
s)xe mogesu. IIpm sTOoM, ecam oieHMBATHL Mozesb B Bujue ECM MerTomoM HauMeHBIINX
KBaJpaToOB, TO KakKk oObAcHAeMad IlepeMeHHasd AX,, Tak u perpeccopel AY, nu

(X, , +aY, ) aBuaworca craunoHapHbiMu. [losTomy onenkn kosddummentos ECM-

IpeACTaBJeHNA 3aBeJOMO COCTOATeNbHBL llockosbky onenku ADL-npencraBienns
OTHO3HAYHO IlepecuuThIBaIOTCA deped oueHku ECM-mpencraBieHMsA, OHM TaKiKe CO-
CTOATEJIbHEI.

OOmmit pesdynbrat, nosydensbslii Cumcom, Ctokom m Yorconom [21], cocTouT B
caenyomeMm. Ecau npu HEKOTOPO mapaMerpmaaliuyu MOJEJM IIapaMeTp MOKeT ObITb
BbIpaskeH Kak Koadduiment npu nepementoit tuna | (0), oObIuHBIE TECTOBBIE CTATH-
CTUKM JJIsL DTOr0 KO3(p(PUIMEHTa aCUMITOTUYECKM CIpaBeaJuBbl. Bojee Toro, ecsn
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IIpM HEKOTOPOJ IapaMeTpMU3aIMy MOJEJM IIOJMHOYKECTBO IIapaMeTpPOB ABJAETCHA KO-
apunmentamn npu mepemenHberx tuna | (0), oObIYHBIE TECTOBBIE CTATMUCTMKU MIJIS
9TOr0 IOAMHOKECTBa KO3(DMUIMEHTOB aCUMIITOTUYECK) CIIpaBeyMBLL JloKasaTesbeT-
BO 3TOTO YPE3BbIYAIHO BAYKHOTO pPe3yJIbTaTa BBIXOAMUT 3a paMKM Hallero kKypca. Obpa-
TUTE BHUMAHME, YTO JJIA IPMMEHVMOCTY OOBIYHBIX TECTOBBIX IIPOIeRypP M Tabsmiy pac-
npeziesIeHnii AOCTATOYHO IMIPYMHIMIINAJBHOYM BO3MOYKHOCTM IIOAXOZAINEN IapameTrpusa-
My, BOBCce He TpedyeTcdA OLleHMBAaTb KO3(D(OUIMEHTB! MMEHHO STOM IapaMeTpU3allviL.
Hamnpumep, 9To 03Ha4aeT, YTO OLIEHKM MeTOJOM HauMeHbIMX kBagpatoB ECM u ADL
IIpeCTaBJIEHNII aCUMIITOTUYECK) SKBYBAJIEHTHBI, €CJIV IIePEMEHHbIEe KOMHTErPYPOBAHBL
BrpoueM, B KOHEYHBIX BBIOOPKAaX SKBMBAJIEHTHOCTb HE TapaHTMPOBAHA, M CYIECTBYET
oOIIMpPHAA JUTEPaTypa, Iae obCy:KAalTcA MPEeMMYIecTBa TOM MM WHOM IapaMeTpy-
3a1M B KOHEYHBIX BBIOOPKAX.

OOmumit BBIBOJ TAKOB: OOHM M Te K€ METOAbl OLIEHMBAHMUA M IUATHOCTUYECKME
IIpoLenyphl IPMMEHMMBI KaK JJIA CTAalMOHAPHBIX, TaK U JJIA HeCTalMIOHAPHBIX perpec-
copoB tuma | (1), ecom mocnemumne KOMHTErpUpPOBaHBL II0ATOMY KJIIOYEBBIM BOIIPOCOM
ABJIAETCA TECTUPOBaHME HAJMYIMA KOMHTETrpaluy HeCTaIMOHapHBIX IIpolieccoB. IlepBasa
TecToBaA 08yxwiazosas Ipoleaypa ObLIa mpensoskeHa JHrJIoM u 'psxskepom [4]. Pac-
CMOTPUM €€ Ha MpUMepe perpeccun Mexxay asyms psagamu tuma | (1) .

1 wae. Ybexxmaemesi, uro oba perpeccopa orHocaresa K tury | (1) . Crpoum oObry-
HYIO Perpeccuio IepeMeHHO! X, Ha IepeMeHHyI0 Y, MeTOLOM HaMMEeHBIINX KBaJPaToB.

2 waez. IIpoBepseM ocTaTKM perpeccuy Ha CTAIMOHAPHOCTb. Ecjm oCTaTKM AB-
JIAIOTCA CTAlMOHAPHBIM BPEMEHHBIM PAAOM, TO mporteccsl X, ¥ Y, KOMHTETPMPOBAHEL
Ecan sxe ocratku orHocsarcsa ¥ tumy | (1), To Komurerpanmsa orcyrcryer. Ecau mpo-
IleCChl KOVHTETPUPOBAHBI, TO PErpeccusi, MOCTPOEHHAsA Ha IEepPBOM Ilare, HA3bIBAETCSA

Kournmezpupytowet (cointegrating regression).

i1 IpOBEpPKM MOPsANKA MHTErpaluy OCTATKOB aBTOPbI IPEIJIOKIIIN [IPUMEHATH
TecT Jurkkn—®Dysiepa, HO KPUTUUECKUE 3HAYEHMA TaOJIMI[ DTOrO0 TeCcTa B JAHHOM CJIY-
dJae He TrogATCdA. BCHOMHI/ITE, qTo Ta6JH/ILU:>I II0JIY4YE€HbI B pe3yJbTaTe MOAeJVMPOBaHMA
MonTte—KapJsio nJa CreHepUMPOBAHHOTO CJIy4YallHOrO OJsysKkIaHmusA. B sToM ixe ciydae
JCCJIEYEMBIN IIPOLIECC MOJYYEH B PE3yJbTAaTe MPOLENYPhl METOJa HAVMMEHBIINX KBa-
paToB, T.e. ABJAETCA «OLeHEHHBIM». B udacTHOcTH, cymMMa ommbok paBHa (0. Tabiuirs
KPUTUYECKNX 3HAUEHUII JJIA Ipouenypsl JHIIa—I'paHikepa ObLIM IIpuBeneHBI B paboTe
Maxk-Kunnona [14]. Oun Gosbiire o abCOJIFOTHON BeJMYMHE, YeM KPUTHYECKMe 3Hade-
HuA cratuctTury Juxkn—Pysiepa T, JIJIA TOTO Ke YPOBHA 3HAYMMOCTIL Opyrumn

cJIOBaMM, KPUTMYECKVEe 3HAUYEHUA TecTa Ha HaJMUMe KOMHTEerpanuy JiesKaT JeBee KpU-
TU4YecKux 3HadeHuit tecra Juxkxkn—PDysepa. Hanpumep, Ha ypoBHe 3HaummocTn 5%
nnsa T =100, oTcyTCcTBMA JIarOB U TPEHJA B MOJEJM KPUTUUECKOe 3HAaYeHMe IJIA TecTa
Ourxkn—Pdynnepa paBHo —1,945, a nna Tecra HAa HaJMMUME KOMHTErpPaliyM COOTBETCT-
ByIOIllee 3Ha4YeHUe paBHO —3,396. IlockonbKy HyJeBas TMIIOTe3a 3aKJIOYaeTCA B HaJM-
YUY eAVIHWYHOIO KOPHA y PANA OCTATKOB, T.e. B OMCYMCMEUU KOUHMeEe2PAYUU, KPUTH-
YeCKIMe 3Ha4YeHMsA CMEIIeHbl B CTOPOHY TUIIOTE3bl O HaJMYUM KOMHTErpalumn. B BBIIIIE-
yrnoManyToil pabore Maxk-KMHHOH OpemioKmy annpoKCUMUPYOIIYIO (PopMysTy OJIA
pacdeTa KPUTHYECKMX UMCEJ, KOTOPas M MCIOJb3yeTCcAd B OOJIBIIIMHCTBE CIIEVaJIN3U-
POBaHHBIX KOMIIBIOTEPHBIX IIPOTPAMM. OTa ANIPOKCUMUPYIOAd (PYHKIMA HOCUT Ha3-
BaHME [IOBEPXHOCTY OTKJMKA M IIPEACTaBJIAETCA CIEAYIOIINM 00pa3oMm:
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k k
C(a,T) =k, +?1+T_22’

rne C(a,T) — OfHOCTOPOHHAA « -TIPOLEHTHAA TOYKA 1A BeIGOpKM pasmepa T, k, —

aCUMIITOTMYECKOe 3HAaUeHMe KPUTUYECKO) BeJVYMHBI, a JBa BTOPBIX CJIAaTa€MBIX BbI-
pasKalT IOIPaBKM Ha KOHEYHOCTh BbIOOpKU. Mak-KuHHOH mpuBes Tabunuily 3HadYeHMI
napamMeTpoB IoBepxHOCTU OTKJuKa K, K,, Kk, B 3aBucumocTtu ot umcnia Habmoxenuii T

¥ KOJIMYECTBa PErpeccopoB B TECTOBOM ypaBHEHMM 0e3 ydeTa KOHCTAHTBL BKJIOUeHMe
¥ HEBKJIIOYEHME JIMHEHOTO TPeHJa B MCXOJHOEe ypaBHEHNME perpeccun JaeT ABa Habopa
TabaINI] KPUTUYIECKNX 3HAYEHMIL

JIVHeHbII TPEeH TaKMKe MOKeT ObIThb J00aBJIeH B KOMHTETPUPYIOIIee COOTHO-
LIeHye, 4To TpebyeT nonosHUTeNbHBIX Tabsmi. HeobxoayMocTs BKJIIIOYEHNA JIMHETHOTO
TpeHJa B KOMHTETPUPYIOIee COOTHOIIIEHNME MOYKET BO3HMKHYTB B CJIEAYIOIIEM CJIydae.
UccnenoBanme HectamyoHapHocTy ADF-TecToM MoOMKeT IIOKasaTh HaJMdMe IeTePMM-
HMPOBAHHOTO TPeHJa ¥ eOVHWYHOTO KOPHA OJHOBPEMEHHO Yy OJHOM M3 MCCJIeLYyeMBbIX
nepeMeHHBIX. Ecom BTOpas nepemMeHHas (MM He BCe M3 IIEPEMEHHBIX B ODIIEM ciydae)
HEe COOEPKUT JEeTePMMHMPOBAHHBIM TPEHJ, CJEAyeT BKJIIOYUTb €r0 B KOMHTETrPUPYIO-
IIlee COOTHOIIIEHVE, B IPOTVBHOM CJIydae HEBO3MOYKHO obecreunTs «DaJsaHC» cylaraeMbl-
MM Pas3JIMYHOTO TUIIA B KOMHTETrpMpyIoleM ypaBHeHun. Ecam Gosiee uem onHa mepe-
MEeHHasA CONEPIKUT HAPAAY C eAVHWYHBIM KOPHEM JeTepPMMHMPOBAHHBIN TPEHJ, TO 3T
JleTepMMPOBaHHbIE TPEHIbI MOTYT, BOODIIle IOBOPsA, KOMIIEHCHPOBaTh APyr apyra. Ho
4TOOBI JOIYCTUTE BO3MOYKHOCTBH OTCYTCTBMA TaKOV KOMIIEHCAIMM VM TECTUPOBATH €€,
cJIeyeT BCe ’Ke BKJIIOUNUTH JeTePMMHMPOBAHHBINA TPEeHJ B KOMHTEIPUPYIOIlee COOTHO-
mrerne. Curyanuro, Korja ABe IIepeMeHHble 00e COIepsKaT AeTepPMUHVPOBAHHBIN TPEH/,
Y 9TU TPEeHAbl KOMIIEHCUPYIOT APYT Apyra, MHOIZA Ha3BIBAIOT 0emepMUHUPOBAHHOU
Kournmezpayue.

OTMeT¥M TaKiKe, YTO CYIIECTBYIOT CUTyaluy, KOIZIa SKOHOMMYECKas Teopusd
NIPeIMChIBAET OINpeJIeJIeHHbI Ko (OUIMEHT B JOJTOCPOYHOM COOTHOIIEHNM (paBHO-
Becuy). Hampumep, B Kjaccudeckoil Teopun norpebisenns no KelitHcy mpepnosaraercs
eIVHNYHAA JOJTOCPOYHAA DJACTUYHOCTBE IIOTPEOJIeHMA II0 pPacIiojaraeMoMy JIOXOZLY.
J71s naHHBIX, BBIPA'KEHHBIX B JorapudMax, 9TO 03HA4YAeT, YTO HAM 3apaHee M3BECTEH
KoMHTerpupytomuii Bekrop (1 —1). B aToMm ciaydyae Ha mepBOM IIare Ipolenypbl OHT-
ga—T'psHiKepa HET HYKJIbI OLIEHMBATbH PETPECCUI0, ¥ OCTATKY IIOJIyYaIOTCA IIPOCTO BBI-
YMTaHNEM IIepeMeHHBIX. Tenepb NpoBepKa I'MIIOTE3bl O HAJMYMY KOMHTEIPALVM MOYKET
OBITH IIPOBEJIEHA HEIIOCPEACTBEHHO N0 TabsmuaMm Tecta Hurrn—®Pynnepa, Tak Kak oc-
TaTKM OoJiee He ABJIAIOTCH «OLEHKOV».

Econ rtect OHria—I'psHikepa IOKasajsl HaJdydye KOMHTErpalyy, TO BO3MOXKHO
ONMCATh B MOZEJV He TOJBKO JOJITOCPOYHOE PaBHOBECHUE, HO ¥ JUHAMUKY ABVIKEHNUA K
9TOMY ZOJITOCPOYHOMY PaBHOBecuio. JIJ1a 3TOro pasyMHO 00aBUTB B MICXOJHYIO perpec-
CHUIO JIOIIOJIHUTEJBHBIN PErpeccop — KOMHTEIPUPYIOIIEee COOTHOIIEHVE B IPeAbIAYIINii
MOMEHT BpeMeHM. JTO O3Ha4aeT, YTO MblI cTpouM Error correction model. Obpature
BHMMAaHMeE, HACKOJIBKO IIOJIE3HEN 3TOT IOAXO0 noaxona Bokca—J»xKeHKeHca, 3 KOTOPO-
rO CJEeIyeT, 4TO eCJIM MIPOIeCChl OKa3biBalTCA HectanmoHapubivMu Tuma | (1), To Bo us-

OesxaHme KasKyllelica perpeccuy Mbl CTPOMM PErpeccuro mepBoii pasHocTu AX, Ha mep-
By pasHocTb AY,. IIpu mepexojie K pas3HOCTAM BCAKaA MHGPOPMAIMA O JOJTOCPOUHOM

B3aVIMOCBA3M PAAOB TepAeTCHd. Ilonarue KOMHTerpauy IromMoraeT pe3K0o YJIYUIIUTb CU-
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Tyanuio. Ternepb KpoMe COCTaBJIAIOIINX, ONMCHIBAIOIIMX KPATKOCPOYHOE IIOBEIEHIE, [10-
JIy4eHHasA MOJ[€JIb CBA3BIBAET I JIOJITOCPOYHOE, U KPATKOCPOYHOE IOBEEHNE.

MsI yoKe yOOMMHAJIM, YTO HAJINYME KOMHTETPAIUy [I03BOJIAET OLIEHNBATH MOJEJIb
u B Buge ADL-npepacraBieHusa. ITO IpeACTaBJeHNE TaK/Ke OTpaskaeT U KPaTKOCpPOU-
HOe, U JIOJI'OCPOYHOE IMOBEJeHMe, HO €r0 IlapaMeTphl yKe He JIOIIyCKAalOT HeIoCpeCT-
BeHHOI nHTepnpetannuy. Ho aja Toro, 9ToObl OBITH yBEepeHHBIM, YTO oleHuBaHue ADL-
MOJIEJIN TIPUBENET K COCTOATEJBHBIM OI[€HKAM €€ IIapaMeTPOB, HYKHO IIPeIBaPUTEISILHO
YCTaHOBUTHL HaJM4YME KOVHTerpanum IIepeMeHHBIX. 063. MeTOoga OLEHKM aCUMIITOTUYEe-
CKM DKBUBAJIEHTHBI, HO B KOHEYHBLIX BBIOOPKAaX HAIOT HECKOJKO pasHble oueHKn. CTOK
[22] mokazaJt, 9YTO B KOHEYHBIX BBIOOpPKAX Ipoleaypa OHIIa—['paHikepa HaeT HECKOJIb-
KO OoJiblilee CcMellleHye OLIEHOK K03(P(PUIMEHTOB.

Tect Moxancena

OcHOBHBIE 13 IPUMEHAEMBIX B HACTOAIIlEE BPEM:A TECTOB HAJNYNMA KOVHTErPAIUN
[24] ocHOBaHBI Ha CBA3M KOJIMYECTBA KOMHTETPUPYIOIIMX BEKTOPOB C PAHIOM MAaTPUIILI
I B VAR-mpezncTaByieHN) MHOTOMEPHOI'O BPEMEHHOTIO PAJLA, a CJefoBaTeJbHO, C KO-
JIMYECTBOM HyJIEBBIX COOCTBEHHBIX HMCEJI HTOJ MaTpuipl. MBI pacCMOTPMM JIMIIL ONVH
U3 TeCTOB, IpeJIosKeHHBII VoxaHcemom B cepuu pabor [9, 11, 12]. Ilosxamyii, sToT
TecT ABJAeTcA HamuboJsiee IOMMYJIAPHBIM ¥ BXOAUT B OOJIBIIMHCTBO CIIENVAJM3MPOBAH-
HBIX KOMITBIOTEPHBIX IIaKETOB, B YACTHOCTM B Eviews.

IlepBBIM ITaroM B peayms3aiyy TecTa JloXaHCceHa SBJIAETCA OIEHKA MOJeJI
VAR(p) n1a 3agaHHOTO K-MepHOTO BPEeMEeHHOro pAna

Yo ={d+tB+ AV +..+ AY,  + &

Ilo cpaBHEHMIO C paHee pacCcMaTpPUBAEMON MOZEJbI0 B Hee A00aBJIEHBI BEKTOPHI JIM-
HEJHOTO TpeHJa M JOIIyCKaeTCs HEeHyJeBOe MaTeMaTHYeCKOoe OKMAaHMe IJIS KasKIoii
1“3 KOMIIOHEHT. PurypHble CKOOKM YKas3bIBAIOT, YTO MOJEJb MOXKET He COJepsKaTb HIU
OZHOTO M3 3TUX CJIATAeMbIX, MOXKET BKJIOYaThb TOJBKO BEKTOP CBOOOJHBIX UJIEHOB, a
MOJKeT BKJIIOYaTb 00a JOMOJHUTEJIbHBIX cJaraeMblX. Pasymeercs, oObIYHBIE YCJIOBUA
JJI OCTATKOB MOJEJIV IIPEAIIOJIaTalOTCA BBITOJHEHHBIMM: OCTATKM TOMOCKEIACTUYHbI U
He KoppesupoBaHHBL IlepBoHauanbHO VoxaHceH TpeGoBas Tak:Ke HOPMAJBHOCTY OC-
TAaTKOB, HO B 1995 r. ocabuya 310 ycioBue 50 TpeboBaHMA, 4TOOBI OCTATKM HE OYEHb
CUJIBHO oTJam4yaJsuck oT I'ayccoa Oesoro mryma [10]. Mbr yxe paccMaTpmBaJi TECTHI
[JISI IPOBEPKY 3TUX CBOVICTB.

Ilopanoxk Momesu P BBIOMPAIOT OOBIYHO C MCIOJIB30BAHMEM WH(OPMAIIVOHHBIX
kputepueB Axamke u IlIBapra cpenn Mojeseii, IPOIIENIINX IUATHOCTUKY OCTAaTKOB.
IIpu mepebope MopeJseil BKJIOYAIOT/MCKIIOYAIOT TaK)Ke CBOOOJHBIE YJIEH U JIMHEHBIN
TpeHa. Bo3MOXKHO TakiKe IIPOBEPUTH I'MIIOTE3Y O TOM, 4YTO IopAnoxk VAR-momemm pa-
BEH D, IPOTUB aJbTEPHATHUBHO} I'MIIOTE3bI, YTO PaHTr paBeH q <p. Jia mpoBepkm uc-
[I0JIb3yeTCA TeCT OTHOLIeHW! mpaBronofodusa. Ecsayu BeKTOp ciydallHbIX BO3MYIIEHUIT
ABJIAETCA TayCCOBBIM OeJibIM LIyMOM, TO JiorapmucM (PyHKIMM IpaBnornonodmua niada T
HabsroneHnit 1 k-MepHOII IepeMeHHON IIPUHMMAET cJenyommii Buy [7]:

In | = const +11n‘fz-“,
2

roe () — oOIeHKa KOBAapMAIMOHHOM MaTpuibl octaTKoB VAR-momesnn. OTHoleHMe
IIPaBIONIOA00MI IO3TOMY IPUHMMAET BUL:
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LR ==2(nl,—Inl,)=T(n|&,"|-m]& ']

IIpu crpaBenIMBOCTY HYJIEBOJ TMIIOTE3BI, T.€. €CJIM IOPAAOK MOV PaBeH P, 9Ta CTa-
TUCTUKA PacIpesiesieHa acUMIITOTUYECKM KaK XM-KBaJapaT C YMCJIOM CTeleHel cBOOOIbI
paBHBIM K’ (p—Q)-

TTocye ouenkxn VAR-momesm B Tecte Voxancena paccumnTheIBaeTCA OIleHKa MaT-
punbr 1 =1 — A1 — A2 — = Ap, coorBercTBylomasa ECM-npencraBieHNI0 MOJeN

Ay, ={ji+tf}+ -1y, , + B,Ay, , +..+B o1 AV, + &, HyJesoit runoresoit B~
eTcs TO, 4TO paHr MaTpunbl [l He MpeBblIIaeT HEKOTOPOro umesa I < K. B Kauectse
aJIbTePHATUMBHON Tunoresbl mcnombsyerca H, :rankIl =K, wom H, :rankIT =r +1.
CraTucTuka IJIs TIPOBEPKMU HYJIEBOV TUIIOTE3bI [IPOTUE II€PBOJi M3 IMPUBELEHHBIX aJb-

k
TepHATUBHBIX MMeeT Bupi —T Z In(1- Zi) 1 HasbIBaeTcA trace statistic. Hassaume
i=r+l1
CBSBAHO C TEeM, YTO CTATMCTUMKA IIPOIOPLIMOHAJBHA CyMMe JorapmuMoB COOCTBEHHBIX
uynces MaTpuilpbl (octasbHble (K—r) coOOCTBEHHBIX YNMCEJ CUMTAIOTCA HYJEBLIMH), T.€.

caeny MaTpuubl. Jlyid IPOBEpPKM IPOTUB BTOPON aJIbTEPHATMBHON TUIIOTE3bl TECTOBAA

craTucTtuka npuauMaetr Bux: — 1 In(1—-A,,,) u HaswBaercsa max statistic. Hazpaunue

CBfAA3aHO C TeM, 4YTO CTaTHCTMEKA IIPOIIOPIMOHaJIbHa JIOI‘apI/I(bMy MaKCUMAaJIbHOTO 13 cob-
CTBEHHBIX YMcCeJI MaTpPUIIbl, CHUTAIUXCA HYJIEBBIMN. B IIPVMBEAEHHBIX BBIPAMKEHNAX

qepes ﬂ’i obo3HayeHa OLIEHKa MaKCHMaJIbBHOTO HpaBZLOI'IO,ILOGI/IH 1-TO KOPH#A ITOJIYYE€HHOTO

IZ[OX&HCEHOM YPaBHEHNA. HpI/I 9TOM IIpefriosgaraeTcs, 4To KOPHM YIIOPANOYEHbI B IIO-
pAnke yObIBaHMA.

B nakere Eviwes npumenserca trace statistic. B 3ToM makeTe IocJie/ioBaTeJILHO
nepebupatores 3uadenus I or 0 go k. Ecau HysneBas runore3a = () He oTBepraercs
yoKe Ha [IepBOM IIare, TO MPOI[ECC HECTAIMOHAPHBIN, ¥ KOMHTETPAlMM HE CYIIECTBYET.
Ecsou runiotesa r = 0 oTBepraeTcs, Ha CJIeAyIOIIEeM IlIare IIpoBepdeTcsa rumnoresa = 1.
Ecsin ona He orBepraercs, TO KOMHTerpupymowmii panr paseH 1. Ecsim sxe rumoresa
OoTBepraeTcs, TO IepexXoquM K IIPOBepKe HyJeBOil rmmoresnl ¢ = 2, u Tak gaJjee. Cra-
LMOHAPHOCTY MCCJIEyEMOT0 MHOTOMEPHOTO IIPOIlecca COOTBETCTBYET OTBEpPIKEeHMe Hy-
JIeBOI rurmoTessl npu Beex I <K.

Pacnpenenennss 06enx TECTOBBIX CTATUCTUK HE CTAHIAAPTHBI, M UX KPUTUUECKUE
3HAaYEeHMs IoJydeHbl MmozesupoBanreM Moure—Kapso. Tabauubl KpUTUHIECKUX HYUCEJ
3aBIUCAT OT TOTO, BXOAAT JIM JIETEPMUHMPOBAHHLIN TpPeHA u cBoGOnHbIT wieH B VAR-
ypaBHEHMe, ¥ BXOOUT JIM JIMHEHbI 4jIeH B KOMHTErpupyollee COOTHOIIeHue. B make-
Te Eviews peaJsn3oBaHbI CIeAyIONME [IATH BO3MOYKHOCTE:

e HJ CBODOIHBIN 4JIEH, HUM TPeHJ He BXoaAT Hu B VAR-ypaBHeHMe, HU B KOMH-
TETPUPYIOIIlEe COOTHOIIEHNE;

e CBOOOIHBIN YJEH BXOAUT B KOMHTEIPUPYIOIIEe COOTHOIIEHME, HU CBODOIHBIN
4JleH HU TpeH] He BXomAT B VAR-ypaBHeHne;

e CBOOOJHBIN YJIeH BXOAUT KaK B KOMHTETrPUPYIOIllee COOTHOIIeHne, Tak 1 B VAR-
YPaBHEHNE;

o CBOOOMHBIN WJIeH ¥ TPEeHJ BXONAT B KOMHTETPUPYIOIIEE€ COOTHOIIEHME, TPEeH[
He BxoguT B VAR-ypaBHeHne;
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o CBOOOMHBIN YJIeH M TPEeHJ BXONAT B KOMHTETPUPYIOIIEE€ COOTHOIIEHME, TPEeH[
BxomuT B VAR-ypaBHeHNe.

IlepBble ABa ciydasd IIOpa3yMeBalOT OTCYTCTBME JIETEPMMHMPOBAHHOIO TPEH[A
B NAaHHBIX, JIBa CJeAYIOIIMX — HaJM4dMe OeTepPMMHMPOBAHHOTO TpeHJa B HAaHHBIX, a II0-
CJIEIHUII [OIIyCKaeT HaJudye KBaJpPaTUYHOIO AeTEePMMHMPOBAHHOTO TPEHZA B JAHHBIX.
Hysxublil BapmaHT TecTa OOBIYHO BBIOMPAIOT MCXOJA M3 XapaKTepa IIOBEIeHUs AAaHHBIX
Y TEOPeTUYecKUX IMPEeACTaBJIEHNI O BUJE IIOJITOCPOYHOI'O COOTHOIIEHUA MEXAY Iepe-
MEHHBIMI.

CaMbIil IPOCTO CJIydall — DTO OTCYTCTBME CBOOOJHOTO WeHa KaK B KOUHTETpPU-
pymoiieM ypaBHeHuy, Tak 1 B VAR-mozenn. 1o o3Ha4YaeT, 4TO MaTeMaTUIECKUEe OKM-
AdaHMA BCeX pacCCMaTpMBa€MbIX II€PEMEHHBIX pPaBHBI HYJIIO. Bmsya.anaﬁ VHCIIEKIIA
JAaHHBIX U IIPOBEPKa BbI60pO‘-IHbIX CcpeqHX Ha PaBEHCTBO HYJIIO 0OBIYHO JOCTaTOYHBI
IJIA OTKa3a OT Takoii crerudukaiym tecta JVoxanceHa (mepBoit B HAIIIEM CIINCKe).

YacTo KOMHTETPpUPYIOIlee YPaBHEHME COIEPIKUT CBOOONHBIN WIeH U3 TeopeTude-
ckux coobpaskeHunii. Tak, Ipyu MomeNIMpPOBaHMY IPOU3BOACTBEHHOV (hyHKIMM Tnna Kob-
b6a—dyroaca miu PyHKIMM IOTPEeOJIEHMUA € IOCTOSAHHOM CKJIOHHOCTBIO K IIOTPeDJIeHMUIO
CTaHZAPTHOI IPOLIeAYPOil ABJIAETCA IIePexo/ K JIMHeNHoi B sorapudgmax mozxenn. [Ipu
9TOM MaCIITaOMPYIOIINI MHOMKUTENb, BXOLAIMI B MICXOJHYIO CIELM(UKAIIO0 MO,
IIePEXOAUT IIPU JIOTapU(PMIPOBAHNY B CBOOOJHBIN WeH (KOHCTAHTY) YPaBHEHUA JOJITO-

CPOYHOTO paBHOBecuda Pa3 KouHTerpaums CyLIeCTBYeT, TO MaTpUIa H:aﬂT MOJKEeT
ObITh (pakTOpMB3oBaHa, 1 ECM mpencraBiieHre B 3TOM ciiydae MOYKET ObIThb 3aIlMICAHO B

T\ © T
- /B Yo = - = B

Bue: Ay, = -a| . i +BAY, , +..+ B, Ay, ,,, +&,. Hepes | .| snecp
e

obo3HaueHa OJi0YHAA MATPUIA, HUMKHUI OJOK KOTOPOW ABJIAETCA BEKTOP-CTPOKOI, CO-

CTABJIEHHO} M3 BXONAIIMX B KOMHTETPUPYIOIIME COOTHOIIEHMA KOHCTAaHT. BeKTop

Y , B CBOIO Odepelb, COIEPsKUT B HMKHeM OJjoke umcio 1. JIpyrmMmu cjoBamu, B
1
ECM-mozeny KOHCTAHTBI BXOIAT TOJBKO B «JIOJTOCPOYHYIO YacCTb» M OTCYTCTBYIOT B
«KpaTKocpouHoit». IIpn nmepexome or ECM-npencraBnenusa k VAR-Monenn Mbl TOJIK-
HBI «CMMPUTBCA» C IIPUCYTCTBUEM CBOOOAHOrO uieHa 1 B VAR-mozem.
Kpome toro, camo VAR-npesicTaBjeHNe MOYKET BKJIIOYATbH CBOOOIHBIN 4JIEH, Jia-
JKe ecJiM JIOJITOCPOYHOe paBHOBECHUE He IIoJpa3yMeBaeT KOHCTAaHTHL Benws ampmopu He
BCErZla eCTb OCHOBAHNA OTPUIATH HEHYJIEBOEe MaTeMaTHYEeCKOe OXKIJaHMe BCEX KOMIIO-
HEHT MHOTOMEPHOTO CJyd4aifHoro mporiecca. B atom coaydae nmepexon ¥ ECM-npencras-
JICHMIO JJaCT BEKTOP KOHCTAHT B «KPATKOCPOYHON YaCTM» MOZEJM, HEe3aBUCMMO OT Ha-
JaNA/OTCYTCTBUA KOHCTAHT B «JOJITOCPOYHONM dacTu». Ho ecs KOMIIOHEHTBI BEKTOPA
JaHHBIX VMHTEIPMPOBAHBI, TO HaJIM4Me KOHCTAHTBHI B YPAaBHEHMM KPATKOCPOYHOTO IIOBE-
JleHNA O3HAa4daeT HaJM4yMe JOIOJIHUTEJBHOTO JeTEPMMHMPOBAHHOIO TPEHJA B JaHHBIX.
CuTyanmsa IOJIHOCTBIO aHAJIOTMYHA CJIydaifHOMYy OJysxnanuio c apeiicpom. Taxkum obpa-
30M, HaJM4ye BEKTOpa CBOOOAHBIX wiIeHOB B VAR-Mozenym MOMKET COOTBETCTBOBATH
JIIByM Ka4deCTBEHHO OY€Hb Pa3HBIM CJIydadM:

e €CJIMI BEKTOP CBOGO,Z[HI:IX YJIEHOB VAR—MOI[GJII/I IIOJIHOCTBIO II€ePexXOogUT B KOVH-
TerpanonHble COOTHOIIEHNMA ECM—HpeI{CTaBJ’IeHI/IH, TO IIOPOKAECHHbIE TaKO MO EJIBIO
JaHHbIE HE NEeMOHCTPMPYIOT HAJVNYMA JETEPMIHNPOBAHHOIO TPEHIA,
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e eCJM BEKTOp CBOOOAHBIX uWiieHOB VAR-Mozesnn mepexomuT He TOJIBKO B KOMH-
TerpanyoHHble cooTHoueHnsa ECM-mpencraBieHusa, HO U B JIOIOJHUTEJBHBII BEKTOP
CBODOIHBIX YJIEHOB «KPATKOCPOYHOI YacCTU», TO MIOPOKIAEHHBIE TAKONM MOJEJbIO JaHHbIE
JEMOHCTPUPYIOT HaJNYMe NeTEePMUHUPOBAHHOIO TPEH/A.

IlosToMy, ecsim BuU3yaJbHAsA MHCIEKUMA NAHHBIX U IIpeABapuUTeJbHbIE OLIeHKMU
CBUIETEJILCTBYIOT 00 OTCYTCTBUM B JAHHBIX JIMHENHOIO TPEHJA, a B JIOJITOCPOYHOM CO-
OTHOIIIEHNM TPEeHJ MOJIKeH IIPUCYTCTBOBATb, Mbl BHIOMpaeM BTOPYIO M3 IIATM BBIIIe-
YKa3aHHBIX BO3MOKHOCTe. Ecom sKe aHamm3 CBUAETEJILCTBYET B MOJIb3Y HAJIUYUNUA Je-
TEPMMHMPOBAHHOTO TPEeHJA B JAHHBLIX, TO MBI IIPEAIIOYNTAEM TPETHI0 BO3MOXKHOCTb.

AHaJIOTMYHO paccMaTpUBaeTCA CJIydall BKJIIOYEHUA JIMHETHOTO TPeHAa B KOMH-
Terpupytolee cootHoleHue. Ecoy suHenHblil TpeHn n3 VAR-Momenu npu mepexoje B
ECM-mpeacraBieHne BXOAUT TOJBKO B «JOJTOCPOYHYIO YacCTb», TO IIOPOKIAaEMble JaH-
Hble JIOJIKHBI IEMOHCTPMPOBAThH AETEPMMHUPOBAHHBIN JIMHEHBIA TPEeH, U IJIA TeCTU-
POBaHMA KOMHTErpaluy CJeAyeT MCIOJIb30BAaTh UETBEPTYIO 13 BO3MOKHOcTel. Ecin
JKe TpeH[ IIePeXOoaNUT ¥/MIM B «KPATKOCPOUHYIO YaCTb», NaHHbIE JIOJIYKHBI JeMOHCTPU-
pOBaTh y)Ke KBaJAPaTUYHBIN JeTEePMUHMPOBAHHBIN TpeHA. A Takoro ciaydad IpenHa-
3HauUeHA IATad BO3MOMKHOCTL IIpMMeHeHMa Tecta JoxanceHa. K coskasieHmio, B JuTe-
paType " B OIIMCaHMAX KOMHbIOTeprIX IIaKEeTOB 3TN IIATH OHLU/II‘/JI OIIVICaHBI B TepMI/IHaX
OTCYTCTBUA/HAJMMUMA KOHCTAHTBI M TpeHAZa B VAR-Momenn 1 KOMHTETpUPYIOIIEM
ypaBHEeHUM, XOTA [0 CyTu pedb muaeT He o VAR, a o «xpatkocpounoit gactu» ECM-
npenacraBieHna. Haile paccMoTpeHne mokasbIBaeT, 4TO HauboJsiee yIOTPeOUTEeIbHBIMY,
II0AXOOAIIVMMNM K SKOHOMMYECKVM OaHHBIM ABJIAIOTCA BTOpaH n TpeTbH OIIguu; TecTa
JMoxanceHa.

Harre paccmorpenme Tecta JoxaHceHa [0 CUX TIOp OTPaHMYMBAJIOCH BBIACHEHN-
€M KOVMHTETPMPOBAaHbI UM HET IIepeMeHHble. B ciydae IIOJIOMKUTEJIBHOIO OTBETa Ha II0-
CTaBJIEHHBII BOIIPOC CJIeIyeT HMPUCTYIUTh K OleHKe Mozesu. JoXaHCeH IpeIosKu He
TOJIBKO IIPOLIEIyPY TECTUPOBAHMA KOMHTErpAaIMy, HO ¥ IPOLEeAYPY OL[eHMBAHUA KOWH-
TErpUpPYyOIINX BEeKTOPOB. Takasa oleHKa (MeTOZOM MaKCMMAJbHOTO IIPaBIONON00WA) B
HacTodAlllee BpeMda ABJAETCA COCTABHOM YacThbi0 OOJIBIIIMHCTBA KOMIIBIOTEPHBIX peasi-
sammit Tecra VloxaHceHa. BCIIOMHMM, YTO KOMHTErPUPYIOIIE BEKTOPbI ABJAITCA CTOJO-

HaMy MaTpuilbl [ U3 PasJioKeHUs H:aﬂT. BoamoskHOCTE (haKkTOpU3AIUM MaTPUIIBI

fABHO yKa3bIBaeT Ha HaJM4ye JIMHENHBIX COOTHOIIEHMII MEeXIy ee aJeMeHTaMl. B cBoo
odepesb, 5TO O3HAYAET, UTO y4YeT TUX OTPAHNYEHMII IIpM OLleHMBaHMM AacT Oosee -
(beKkTMBHBIE OLIEHKM KO3(D(UIMEHTOB Mojesy. Takoil ydeT MOKeT ObITb OCYIIECTBJIEH
nmyTeM oueHKn Mozesu B cpopme ECM ¢ mpAMBIM BKJIIOYEHMEM B Hee JOJITOCPOYHBIX
cooTHoleHMi1 (00oOIeHNe mpornenypsl OHriIa—I'psHikepa), mmbo B VAR-mpesncraBie-
HMM, OLIEHMBAA KaskJoe M3 ypaBHEHUI METOJOM HaMMEHBIIVX KBaJpPaTOB IIPY OTpaHM-
YEeHNAX.

Cepbes3HOI MPaKTUYECKOl IIPo0JIeMOll ABJAeTCA OODHAPYKEeHMe HEeCKOJbKUX KO-
MHTETPUPYOINX BEeKTOPOB. Ecim cylnecTByeT JMIIbL OJHO KOMHTETPUPYIOIlee COOTHO-
IIeHVe MeXKJy KOMIIOHEHTaMl BEKTOPa, €ro MOYKHO TPaKTOBAaTb KaK JOJITOCPOYHOE
paBHOBecCUEe MEXKIY 3TMMM IIepEMEHHBIMN. B ciydyae HECKOJIbKMX KOMHTETPUPYIOIINX
COOTHOIIIEHNII, CYIIIECTBYET HECKOJIbKO JIMHENHBIX KOMOMHAIMII KOMIIOHEHT, KOTOpBIE
ABJIAIOTCA CTALMOHAPHBIMM. A 3TO O3Ha4daeT, KaK MBI yiKe OTMedaJiM, 4UTO Jirobas Jim-
HeJiHasd KOMOMHAIMA STUX JIMHENMHBIX KOMOMHAIMI TaKiKe ABJAETCA CTalMoOHapHO. U
II09TOMY CJIOXKHO BBIABUTBL KOMOMHALMM, KOTOPBIE MOKHO COJZIepiKaTeJIbHO MHTEPIIPU-
TUPOBATh KAaK 3KOHOMMYECKMe paBHoBecuda. MOXKHO cocjaTbCdA, HAIPUMep, Ha OIBIT
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HocTpoeHusa (PYHKIMM cIpoca Ha meHbru VMoxaucenom u Jxxysemrycom [12] ana Hauunm
u ©uanaamym. Jna Jaany 1crnosb3oBaiach BEIOOPKA KBapTaJbHBIX HaHHBIX ¢ I kB. 1974 1.
o IIT kB. 1987 r. (55 Habmromennit). Jua Puriaaguy BeIOOpKa BKJIoOYasa 67 HabJIIOME-
Huii ¢ I kB. 1958 r. mo IIT kB. 1984 r. Ina Jauum ObLIO IOJIyYEHO OJHO KOMHTETPUPYIO-
11ee COOTHOLIIEHME, KOTOPOEe XOPOILIO TPAKTYeTCA M JJaeT BO3MOYKHOCTBH IIOCTPOUTH CO-
JepsKaTeJIbHYI0 TeOpeTHdYecK) MOJeJb CIIpOoca Ha JeHbrW. A BO BTOPOM cJydae, IJsA
DuHIgEAMY, ObLIO MIOJIYYEHO TPYU KOMHTEIPUPYIOIINX COOTHOLIEHMS, M MHTEPIIPeTaIa
IIOCTPOEHHBIX COOTHOIIIEHUI B 3HAYUTEJBHOM CTEIeHU 3aTpyAHEHa.

Jexrmua 16

Mopaenn ¢ yCJIOBHOI reTepoCcKe acTUIHOCTHIO

MognenmupoBaHue IIeH aKTMBOB HA COBPEMEHHBIX (PMHAHCOBBIX PBIHKAX dYacTO
NIPUBOAUT K TOMY, UTO BPEMEHHBIE PAJAbI HEIJIOXO MOTYT OBITH AIlIIPOKCUMMPOBAHBI
MOZIEJIBIO CJIYYalHOro OJIysKIaHuA. OTOT SMIMPUYECKMII (PaKT He NPOTUBOPEYUUT TEO-
pum 3P(PEKTUBHBIX PBIHKOB, HO B TO K€ BpeMdA Teopud 3(p(EeKTUBHBIX PBIHKOB JIOIIyC-
KaeT OoJiee IIMPOKMI KJacc Mozesell. B aTux Mozmesax mpupalleHus Ipolecca He obs-
3aTeJIbHO JOJIKHBI ObITh HE3aBUCMMBI M MIMETBH OAVHAKOBOe pacrpeneseHne. Cymiect-
BEHHO, YTOOBI IIpoliecc OB TaKMM, YTO JOIIyCKaJl Obl TaK Ha3bIBAEMYIO «YeCTHYIO WT-
py» (fair play), 4ToOBI HEBOBMOYKHO OBLIO IOCTMYb IaPaHTMPOBAHHOTO BBIMTPHIIIA, OC-
HOBBIBaACh Ha IIpouuioi nHpopmanuy. Takoe pacimpeHye Kjacca IPOIEeCCOB CIydaii-
HOTO OJIy’XKIaHMA JOCTUTAETCS BBEAEHMEM IIOHATUA mapmuneaaa (martingale). B anr-
JIMIICKOM fA3BIKE CJIOBO martingale mmeer nBa 3HAaYeHMA: 9acThb KOHCKOM cOpym, Ipe-
IATCTBYIOIIAA JIOIIAAM 3aAMpPaTh TOJIOBY CJIMIIKOM BBICOKO, M CHCTeMa Ha3HAa4YEeHUA
CTaBOK B a3apTHOI Mrpe, IPM KOTOPOJ CTaBKA y[BaMBAETCA IIPU KasKJOM IIPONUTpPBIIIIE.
Kak MBI yBUIVM, CBOJICTBa IIPOIECCA-MapTUHTaJa AEeVCTBUTENIBHO ITO3BOJISIOT IIPOBEC-
TV HEKOTOpPBIE aHAJIOTMM C STUMM KUTEVICKMMM ITOHATUAMIL

(bOpMa.TII:HO MapTHMHIaJIOM Ha3bIBa€TCsA CTOXaCTUYECKUI mponecc yt’ 06.]18.,[[8.}0—

LM CJIEeNYIOLIVMM CBOVICTBaAMI:
e MaTeMaTHYeCKOe OYKMJIaHNe IIpoliecca KOHEYHO JIJIA JII000ro MOMEHTa BpPeMeHN t;
e YCJIOBHOE MaTeMaTUYeCKOe OYKMIaHMEe IIPoIlecca Ha OCHOBe BCeil MHQOpMaluu,
U3BECTHOM K MOMEHTY S, paBHO 3Ha4eHMIO IIpoliecca B MOMEHT S: E(yt|Q ) =Y, ona

Bcex S<t, rme Q. — COBOKYIHOCTb BCeil MH(OpPMALMM K MOMEHTY S. ITO CBOWCTBO

HOCHUT Ha3BaHME€ MapPTHMHIAaJIbHOTO.

HpI/I aHaJ3e OJHOMEPHOIO AVMICKPETHOI'O BPEMEHHOI'O psfAla BCHA I/IHCbOpMaLU/IH K
HEKOTOPOMY MOMEHTY BpPEeMEeHU S IIpeacTaBJidaeT coboit IIPOCTO peaJm3alio IIponecca
Ha OTpe3Ke [1, S], n MapTHHraJIbHOE CBOJICTBO MOJKET OBITb Imepenmncano B BUAe

E(yt|ylsy2,,,,, y,) =Yy, A4 Bcex S<t. ITO 03HAYAeT, YTO YCJOBHOE MaTeMaTUde-

CKO€ OKMIaHNMEe IIPpMPalieHnsd IIponecca PaBHO HYJIIO, VM IIPOTHO3 IIPpMPalIeHMd MapritH-
raJa, O6e€He‘-II/IBalOH.U/II7[ MVHVIMAJIBHYIO CPpeJHEKBaApPaTNYIeCKYIO OH_II/IGKy, PaBE€H HYJIIO.
B coorBeTcTBUM C BTUM orrpeneJseHmneM CJIy‘-IaVIHOE 6nym,uaﬁme ABJIAETCA YaCTHBIM
CJIydaeM MapTMHTaJIa. HpI/I aHaJri3e peaJibHbIX CbI/IHaHCOBI:IX BPEMEHHBIX PAAOOB 49aCTO
BCTPEYAIOTCA M VMHBIE IIPOLECCHI, NJId KOTOPBIX MapPTUHIAJbHOE PaBE€HCTBO MOJKET OBITH


http://www.pdffactory.com

98 SKOHOMMUYECKUY JKYPHAJI BIIID Ne 1

3aMeHEeHO HepaBeHCTBOM E(yt|y1 Y ¥s) = Y, AJA BCeX S<t. Taxkoit mporecc Ha-

3bIBAETCA cyomapmunearom. Ecamu jKe HEepaBEHCTBO BBINOJHAETCHA C IIPOTUBOIOJIONK-
HBIM 3HAaKOM, IIPOLIECC HA3LIBAETCA CYNEPMAPMUHIANLOM.

Vlcxonsa M3 MapTUHTAJBHOIO CBOMCTBA, MAPTUHIAJ MOYKET ObITh 3alMCAaH B DKBU-
BaJIEHTHO! (popMe, O4YeHb HallOMMHAIOINEl ciydaiiHoe Onysnanue Yy, =Yy,  +17,, TAe

7, Has3blBA€TCA MAPTUHTAJbHBIM IPMpPAIleHMeM, WM MapPTUHTAJbHOM Pa3HOCTHIO.
CroiicTBa mpomecca 77, JOJKHBI OBITH TaKMMM, YTOOBI rapaHTMPOBATEL BbIIOJHEHUE
MapTUHTAJIbHOTO paBeHcTBa. IIpu aToM mpouece 7, He 00A3aTeNIbHO JOJKEH OBITh CTa-

LMOHAPHBIM, HAIPUMED, MOYKET CYIIECTBOBATBH 3aBJMCUMOCTb MEXKAY YCJIOBHBIMU MO-
MeHTaMM IIpollecca, ycJIOBHaA AMCIepCHs MapTUHTAJbHOM PasHOCTM 77, MOMKET 3aBU-
CEeTb OT IPOIILJIOTO, & IMpoLece Y, OCTAHETCA MapPTUHIAJOM.

IIpakTura paboTbl Ha (PMHAHCOBBIX PBIHKAX BBIABMJIA €Ile HEKOTOPBIE YepPTHI
peaJsIbHBIX IIPOIIECCOB, KOTOPbIE HE OYeHb XOPOIIO ONMCHIBAJIMCH yiKe Pa3padoTaHHBIMMU
momenavu. B 1982 r. Ouroom [3] Oblna mpensoskeHa MOJeNb, MOJy4UMBIIAA Ha3BaHUE
MOJZIeJII C YCJIOBHOJ TeTepOoCKeNacTUYHOCThIO (autoregressive conditional heteroske-
dastisity, obbruHO wmMcnosnbsyemasa abbpeBmatypa ARCH, mmn ARCH-mozess). OHIV
NIPEeJIOKNII 9TY MOJeJb, YTOOBI OMMCATh XOPOIIO M3BECTHYIO 13 IIPAKTUKM YepPTy IIO-
BeJIeHNA MHOIMX (PMHAHCOBBIX PAMOB: KJIACTEPUS3AIMIO BOJATUILHOCTHM, KOTAA II€PIOJbI
OOJIBIIION M3MEHYMBOCTY IIOKA3aTeJA CMEHSIOTCA IIEPMOIOM MaJioll M3MEeHUIMBOCTI. B To
’Ke BpeMsA CTAaTUCTMYEeCKasd IIPOBEPKa IIOCTOSHCTBA AyicIiepcun (KaK Mepbl M3MEHUMBO-
CTM) HE OTBEPraeT I'MIIOTE3bI O TOMOCKEIACTIIHOCTIL

HayneM ¢ mmpocTOii aBTOPErpeCcCHOHHO MO

Ye =AY + & & ~ SWN (0,0%).

Yepes SWN (0,0 ) oGo3HAuEH TaK HABBIBAEMBI/ CHUJIBHBIA GEJbIil IIyM, IS KOTOPOIO

CBOJICTBO HEKOPPEJMPOBAHHOCTY 3aMEHEHO Ha CBOJCTBO HE3aBUCUMOCTHU. B 5Toit Moze-

JM yCJIOBHOE MaTeMaTumdeckoe osxkmupanue E(y, |yH) =AYy, , mnpexcraBisaer coboit

TEOPETUYECKYI0 PETPECCUIO 1, €CTECTBEHHO, 3aBUCUT OT BpPeMeHM t. ¥ CJIOBHAA AUCIEpP-

cusa var( Yy, |yH) =c’ or Bpemenu He 3aBucuT. COOTBETCTBEHHO Ge3yCIOBHOE MaTeMa-
2

(o}
TUYECKOe OKMIOaHVE PaBHO HYJIO, a GGSYCJ'IOBHaH AVICIIEPCHA pPaBHA 7 OHII
1

OpeJJIOMKUII pacCMaTPMBATh 3aBMCHMOCTB YCJIOBHON AUCIIEpCUM OT IPOLIJIOro, OH CIle-
IUPUIMPOBAJ 9Ty 3aBUCUMOCTE B IIPOCTENIIIEM CJIydae B JIMHEHOM BUJE:

h, =var(¢,)=a, +a,&’,-

IlockonbKy mucnepcusa COydaiiHOM OIIMOKM JOJIMKHA OBITH IIOJIOMKMUTEJILHON, IIa-
paMeTrp ¢, TaKKe NOJKEH ObITh MOJIOMKUTENbHBIM, & TapaMeTp ¢, — HeOTPUIATeJb-

HBIM. Hpouecc, OHpeHeHﬂeMbIﬁ COOTHOILIIEHEM
1/2 2 1/2 2
u = eh’” =ela, +a,u?,)"”, & ~ SW (0,62),

HaseiBaetcsa nporeccom ARCH(1). [lapamerp B ckoOKax yKasblBaeT HaMOOJIBIIYIO V-
Hy Jlara B ypaBHEHMM AJA Aycrepcuy. PaccMoTpuM cBojicTBa 9TOro IIpoliecca.
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Ina coxpalllenusa szamucyu ODO3HAYMM YCJIOBHOE MaTeMaTudecKoe OxKuaHue
[IPOM3BOJIBHOTO IIporecca Y, E(yt\yl,yz,..., Y.,) 4epes E,  (y,). Boramcmenne yc-

JIOBHOTO MaTeMaTndeckoro oxxkupanusa mnpoiecca ARCH(1) naer
2 \/2
E.  (u)= (ao o, U, ) E i(e)=0.
IIpumenasa popmysIy UTEPUPOBAHHOTO CIIYYATHOTO OKUOAHUA, OJYIUM

E(u:) = Eo (El (-( Etfz (Et—l (ut N)...) =0.

CrenoBaTesbHO, 6€3yCJIOBHOE MaTeMaTHIeCKOe OXKIAAaHMe IIPOLiecca paHo HYJIIO.
Ilepenimem k pacuety ycJsoBHON nucrnepcun nporecca ARCH(1).

2 2 2 2 2
Et—l(ut ): (060 +a,u’, )Et—l(gt ): o (ao +o,Ug, )

2 2 2
Hanee E,_,(E,_ (u;)) = E (o (a, +au,)) =
2 2 2 2 2 2,,2
=0 (a,+aE ,(u_) =0 (o, +a(a, +au_,)) =0 (a, +aa, +aU_,).
s HaxoskaeHus Oe3yCJIOBHOI IMCIIepCHMM IIPOIlecca BBIYMCIIAEM MTEPUPOBAH-
HblEe OYKVIAHVA
2 2 2 2 t-1 2 t,,2
EWw )=E,(E,(.(E,,(E_,(u)))..) =0 010(1+011 +a +..+a, )+ o a,uy-
Ecin ypaBuenne AR(1l) nna nucnepcum CTaIMOHApPHO, TO |a1| <1, n nepeliga K mpe-
)
uto GesdyciyoBHas pucnepcusa mporecca ARCH(1) He 3aBUCUT OT BpeMeHHM, T.e. CaM
IIPOIlecC TOMOCKeIACTIYEH.

YcnoBHasA aBTOKOBapuals I[IEPBOTO MOPAAKA paBHA HYJO, TaK Kak
E, (uu,,)=u, E,_ (u)=0.OuesusHo, urto aBTOKOBapuaiyu Gojee BBICOKOTO II0-

2 o
nexy npu t — oo, mogxyuum var(U,) = 0 ~. Ilory4yeHHBIT pe3yJsbTaT IIOKA3BIBAET,

pAnoka TaksKe paBHBI Hysro. Mbl Bugum, uto mporecc ARCH(1) aBiseTca craimoHap-
HbIM OeseiM IrymoM. IlomyTHO oOpaTyM BHMMAaHME, YTO XOTdA 3HAYEHMd IIpollecca
ARCH(1) HeKOppeJMpOBaHEI, CYILIECTBYET 3aBMUCUMOCTbL AVICIIEPCUM BO3MYILIEHUS OT
IVICTIEpCUY TIPEeIBIAYIIEr0o BO3MYIIEHMA. OTO O3HAYAeT, YTO HEKOTOPble TeCThI MOTYT
BOCIIPMHATb YCJIOBHYIO T'e€TEPOCKEeNACTMYHOCTh KAaK CBUJETEJIBCTBO aABTOKOPPEJIALN
OCTAaTKOB. B 4acTHOCTM, TaKMM «HEIOCTATKOM» OOJIaJaeT IOIyJIAPHBII TecT Japbura—
Yorcona. IloaToMy HaJMuMe YCJIOBHOV Te€TEPOCKENACTUYHOCTM JeJIaeT 3TOT TeCT He-
IIPVIMEHVIMBIM.

Ysxe oboznauenme ARCH(1) noxmpasymeBaetr obobmierue Ha mporecce ARCH(p).
OTOT TIpollecc ompenesserca ypaBHeHmeM tuna AR(p) mna gucnepcun

h =var(e,)=a,+a,&, +..+a &, 9To naer aua npouecca ARCH(p) cienyro-

I1ee BhIpasKeHue!:

t

1/2 2 2 1/2 2
u, = g.h/’ 28“(0{0 +a,u;, +...+aput7p)/ , €, ~ SWN (0,0 7).

OueBMIHO, YTO KAaK YCJIOBHOE, TaK M 0e3yCJIOBHOE MaTEMAaTUUECKOE OKMIaHNE
nporecca ARCH(p) paBHO HyJf0. YCJIOBHaA AuUcCIepcusd mpolecca (PaKTMUecKyM 3aJaHa

ero ompezmenenvem: E, (u})=o" (ao toul +.ta put{p , a bGesycsoBHasaA nuc-
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Iepcus B pe3yJbTaTe IPUMeEHeHUA (POPMYJibl UTEPUPOBAHHOTO OKMUAAHUA C IIOCJe-
OYIOIIMM IIePexXoJ0M K IIpezesy OyIeT CJIOMKHOV APOOHO-paIMOHAJJIBHON (PYHKIMEN OT
napaMerTpoB @, a ..., & , - Camoe BaskHOe, 4TO 0e3yCJOBHAasA AuUcCIepcus He OyaeT 3a-

BICETH OT BPEMEHN, T.e. IIPOI[ECC IO-IIPEeKHEMY OyaeT TOMOCKeNaCTUYHBIM. Tak xe
COXPAHUTCS CBOMCTBO HEKOPPEJMPOBAHHOCTY, IIOCKOJIBKY DTO CBOMCTBO HE 3aBUCUT OT
KOHKPETHOIO ypPaBHEHNs IPOI[ecca, a JIMIIb OT PAaBEHCTBA HYJIIO YCJIOBHOTO MaTeMaTW-
deckoro osxkmpanHud. Taxum obpasom, nporecc ARCH(p) aBsaeTca coydaiHBIM OJIysK-
JaHMEeM ¥ MapTUHTAJIOM. ¥ CTaHOBJIeHHbIe cBoiicTBa Iporecca ARCH(p) o3magaror, 4To
OH ABJAETCA cJ1abo CTalMOHAPHBIM.

TecTupoBaHUE HAJNYNUA YCJOBHOM TIeTEPOCKENACTUYHOCTM B OCTATKAX MOIEJN
WM I VICXOLHOTO Ipoliecca He TpebyerT pa3paboTKy HOBBIX CIIEIMAJIBHBIX TECTOB.
HymneBasa rumnoresa 00 OTCYTCTBUM YCJIOBHOI TIeTEPOCKENACTUUYHOCTY DKBUBAJIEHTHA
PaBeHCTBY HyJII0 BceX KOB(PUIIMEHTOB KpoMe KoapuIMenTa ¢, B ypaBHEHMM IMC-

nepcun. IlosTomy nmpoBepKa COCTOMUT U3 CIEAYIOMIMX IIIaroB.
1. Crpoum HEOOXOAMMYIO MOJEJb U IMOJydaeM PAJA OCTaTKoB € . Ecam muccaeno-

BaHINIO Ha YCJIOBHYIO I'eTepPOCKeJaCTUYIHOCTDL IIoABepraeTCsd O,ZIHOMeprII?'I pAg MCXOOHBIX
JAAaHHBIX, TO 3TOT IIIar HE HYEH.
2. MeTO,ZIOM HaVMEHBIINX KBaJApPaTOB OLI€HVMBaeM MOAEJIb

2 2 2
& =, to, € .. ta, €, V.

3. IIposepsaem rumore3y 00 aJeKBATHOCTYM Perpeccuy, IOCTPOEHHON Ha BTOPOM
o 2 2
mare: H,:a, =..=a, =0 nporus ecrecteennoii anprepratussl H, :a; +..+a, >0.

Ecsin HyJneBasa rumoresa OTBepraeTcsd, TO HE TOJBKO yCTaHABJMBAETCA IIPUCYT-
CTBIE YCJIOBHOJ IeTepPOCKEeNaCTUYHOCTH, HO M OIpesiesdeTcA AJMHA HamnOOJIBIIEro Jara,
BXOJIAIIIETO B ypaBHEHMe (IIapaMeTp p).

OneHnBaHMe MoZeJell, B KOTOPBIX OCTATKM IIPOABJAIOT YCJIOBHYIO TeTepOCKea-
CTUYHOCTb, MOKHO BECTM B TOM K€ KJIIOYe, YTO ¥ AJIA MOJeJell C reTepOCKeNaCTUIHbI-
MM OCTaTKaMM, HAIIPUMEDP IIOCJEe MCIIOJIb30BaHMA TecToB Ilapka mim I'seiizepa. Orne-
HEHHOe Ha BTOPOM IIIare ypaBHEHNE JCIOJIb3yeTCA AJIA pacdeTa BECOB C IIOCJEeYIOIIM
IIPYMEHEHMEM B3BEIIIEHHOI'O MEeTOZa HAaMMEHBINNX KBaJApPaTOB MJM AJA IIpeodpasoBa-
HMA II€EPEeMEHHBbIX, YTO O3HA4YaeT IIpMMeHeHMe OO0ODOIIEHHOr0 MeTOoJa HalVMEHbBIINX
KBaJIpaTOB C OLIEHEHHOJ KOBapMalMOHHOV MaTpuuei. Tak ke Kak IIPM MCIIOJIb30BAHNN
BBIIIEYIIOMAHYTEIX TecToB Ilapka m I'seiisepa, CyIIeCTBEHHON NPaKTUYECKON TPYILHO-
CTBIO FABJAETCA BO3MOKHOCTB IIOJIyYEeHNMA OTPUIATENbHBIX MM HYJIEBBIX SHAYEHMUI
IIOAKOPEHHOTO BBIPAYKEHNA IIPM pacyeTe BECOB II0 0ObIYHOI hopMmyJie

1
w

t =
\/ao +d.el, +..+d e,

Yrob6s1 130€/KaTh 3TOr0, MHOTJA BBOAAT OTPAHWYEHMA Ha IIapaMeTpbl, HAIpuMep 3aja-
BadA XapakTep yObIBaHMA KOD(P(UIMEHTOB B yPaBHEHNUN

2 2 2
et =, +aleH +...+apet7p TV

Boanepcaes [1] npenmoskun o6obmerne ARCH-Mmozesnn, 1o3BosiAmIiee JOCTUYb
Gousprrest rmbxoct. OH TPeAJoKMII NO00aBUTb B ypaBHEHME IJIA AUCIEPCUM 3aBUCK-
MOCTBH OT IIpeAbIayImUX 3HaYEHUN AVICIIEpCUI:
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_ _ 2 2
hy=var(e )=a,+ta,e  +..+a,e ,+yh_  +.+r.h_,

Jra MoOeJsb IoJy4dniia Has3BaHue o00600iieHHas (generalized) ARCH, GARCH(p,q) —
0000111eHHaA aBTOPETPECCMOHHAsA MOJIeJIb C YCJIOBHOM T'eTePOCKEeNaCTUYHOCTBIO. B Hell
ycJyoBHasA nucrnepcena noxgunHseTca monenan ADL(p,q) n 3aBUCUT OT NpebIAYyIUX 3Ha-
YeHWII YCJIOBHOM IMCIIEPCUM VM KBaJpaTOB OMIMOOK. VICrosb3ysa omepaTopHbIE ITOJIMHO-
Mel, Mmogiets GARCH(p,q) moskeT ObITBH IlepemnmcaHa B BUJE!

h, =var(e ) =a,+a,(L)el +y,(L)h_.

Anajiormuyno mopesnam Tuna ARMA wmosxaO neperitu ot momesnu GARCH(p,q)
ARCH-mopmenn ¢ 6eCKOHEUYHBIM YMCJIOM JIaTOB:

a, a,(L) 2
+ PR
I=yq(L) 1-yq(L)

Taxoil mepexos BO3MOKEH, eCiy KOPHM XapaKTepuCTHHYecKoro mnosmHoma 11—y (L)

h, = var(&,) =

JIEYKAT BHE E€IMHMYHOIO Kpyra (B ZaHHOM ciydae yHOOHEN MCIOJIb30BAaTb XapaKTepu-
cTUYecKoe ypaBHeHMe B Takoit dopme). Ecin y nosmHOMOB ap(L),yq( L) xpome Toro

HeT OOIIMX KOPHEN, TO MOJIOMKUTEJIBHOCTh AMCIepcun OyaeT rapaHTUPOBaHA, €CJIU BCe
a,(L)
=74 (L)
XOMMbIE U JIOCTATOYHBIE YCJOBMUA 3TOro ObLm mosydensl Hesmbconom m Kao [19]. Hdia

nponecca GARCH(1,1), sananHoro ypasHenueMm h, =a, + a,&., + y,h,_, ¥ BecbMa

K02 (PUIMEHTEI NTOJIMHOMa OECKOHEYHOV CTeIlleHMU HeoTpunatTeabHel. Heo0-

IIOIIYJIAAPHOTO B HACTOAIIEE BpeMd IIPY MOJAENMPOBaHMM (PMHAHCOBBIX PAAOB, 3TU yCJIO-
BMfA 03HAYAIOT HEOTPUILATEJILHOCTb BCEX TPEX IIapaMeTpOB.

YcraHoBUTH cBoiicTBa MoMeHTOB mporecca GARCH(p,q) u orpaHnyeHusa Ha KO-
a¢ppuimenTs! Mozesy, pu KoTophix npouecc GARCH(p,q) crammoHapeH, 3HAUYNTEJIBHO
caoxkHee, yeM a1 ARCH-nporneccos. OO0iye ycyioBUA CTAllMOHAPHOCTY JIJIA IIpoLiecca
GARCH(p,q) B TepMMHAX JIATOBBIX OIIEPATOPOB OblIy BbIBeneHb! By:xeposem n Ilnka-

pom [2]. Jlna mpomecca GARCH(1,1), samansoro ypaBeemmem h =a, +a,&., +y,h_,,

Henbcon [18] mokaszas, uTo kKak U,, Tak u h, GyznyT crporo cranuoHapHBI TOrZa u
u2
TosIBKO Torza, Kora E(In( B, + a, h—‘)) <0.
t
s ouennBanma mnporeccoB GARCH(p,q) mpuMeHseTcsa MeTOH MaKCUMaJbHOTO
IIpaBAonofodusa B IPEeAIoJNoXKeHNM O TaycCOBOCTM CHUJIbHOro Oesoro mryma &,. Ilpwm

yBesmrdeHuy nopaaka npouecca GARCH TpyzaHOCTM OlleHMBaHMA MTapaMeTpoB OBICTPO
HapacTamT, TaK dYTO IIMPOKOe IIpMMEHEHMe Hallles, IIOKaJyll, TOJIbKO IIpOoIiecc
GARCH(1,1).

Bruto mpepgosxkeno mHoro Mmonmduxanuuii momesein GARCH, nompobuoe pac-
CMOTpPEHMEe KOTOPBIX BBIXOAUT 3a paMiKu Hamtero Kypca. Caemya Mwumicy [15], pac-
cmorpuM Ha npumepe monenu GARCH(1,1) auib OoCHOBHEBIE UIEN, IIOJIOMKEHHBIE B OC-
HOBY TaKUX MOIMUKALINIL

Opna m3 HamboJiee paHHUX MoOAMduKanmii Oblna npepsoskeHa Teisopom [23] n
pasButa Ceeprom [20]. B sroit momesn Ta sxe cxema 3aBucumocty, uto 1 B GARCH(1,1)
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IIpMMeHeHa K YCJIOBHOMY CTaHJapTHOMY OTKJIOHEHMIO Npollecca, a He K yCJIOBHOI auc-
mepeny. OTa MOZEJb MMEET BUL O, = /N, =&, +al|uH|+ 7,0 .,- B Helt ycpenHen-

Hasd yCJIOBHAA OUCIEPCHUA IIOJydaeTcs BO3BENIEHMEM B KBaJpaT YCPEeIHEHHOTO CpefHe-
KBaJpaTUYHOIO OTKJIOHEHMsd, a He yCpeZHEeHMeM KBajJpaTa OTKJOHeHuA. Biaromapsa
HepaBeHCTBY JIeHCeHa M BBIIYKJOCTY BHU3 KBaJPATUYHON (QYHKIMM BJIMAHME 0O0Jb-
VX OTKJIOHEHMIT B TaKOIl Mozesy OyZleT OKa3bIBaTh MeHbIllee BJIMUAHME, YeM B MOJIEJIN
GARCH.

IIpu aHasmM3e MHOIMX (PMHAHCOBBIX IIPoOJIeM ObLja 3aMedeHa acUMMeTpPUd peak-
LM Ha OTKJIOHEHMUHA, HaIpuMmep MHQJIANNA «OXOTHEe» yBeJUMYMBAETCH, YeM yMeHbIIa-
ercsa. Ha (puHAHCOBBIX pPBIHKAaX BOJIATMJIBHOCTB DoJiee OBICTPO pearupyeTr Ha IajfeHue
peiEKa, yeM Ha ero pocT. B 1991 r. Hesbcor [17] mpeniiosxkmyn MozeJb, HOJYYMBIIYIO
HasBaHIMe 3KcHoHeHImadbHasa (exponential) GARCH (EGARCH) gna orpakeHus Ta-

u.
Koit acummertpun. Mogens nmeer Bun: Inh, =a, +a, f| —= |+ y, In h,_,, rne

e

U, -9 U, " U, |—E | Ui, |
=V

N BN | NC B (N

Dynrxuma f(.) orpaskaeT peaKIuio HAa «HOBOCTM» J CBA3AaHA C KOPPEKIMell TeKyIero

f

YPOBHA BOJAQTUJIBHOCTI lnht YPOBHEM OTKJIOHEHNMA ut—l' O‘-IeBI/I,I[HO, 9TO pearxuusd

acuMMeTpuyHa. IIpy BeINOJHEHMM ycaoBua U, , > 0 momydaem =6, +1,amnpu
ou,_,
of
ou,_,
HBIM 6eJH::IM LHyMOM C HyJIeBbIM MaTeMaTN4YeCKMM OMKIMOaHNeM U IIOCTOSHHOM IU/ICHep—
cueit. CyiemoBaTesibHO, mpoiece In ht nopunHaerca monesn ARMA(L,1) u Oyner cra-

U,_, <0 nomxywsaem =@, —1- Mosxuo mokasaTe, 4TO f(u,,) aBigerca cuib-

IOVIOHaPHBIM IIPM BBIIIOJIHEHVNM YCJIOBVA 7, < 1.

Mogenn GARCH(1,1), EGARCH u mogesns IlIBepra MOryT OBITH IIpeJiCTaBJIEHEI
KaK YacTHbIE CJIy4ay eAVHOV MOJeJy, IpensjosKeHHon XurrmHcoM u Bepa [8]. Ota 06-
maa momesb HocuT HaszBaHue NARCH (Non-linear ARCH) u mokeT ObITH IIpencTaB-

i
JeHa B CJeNYIOIIeM BUE: gtﬁ :( /ht) =a,+a,f ﬂ(UH)ﬁ-}/lafl. Emie oguum 0600111e-
H1eM fABJjgercsa noporoseri ARCH-mporecce: gtﬁ :( /h, )ﬂ =a, +alg(ﬂ) (Ut71)+}/10'£1, rge

g‘ﬂ)(uH) =0l (u,, > 0)|uH|'B +6l(u,_, < 0)|uH|'B. 3necsy uepe3 |(.) obosnauena
PyHKIMA-MHAMKATOP, paBHaA 1 IIpy BBIIOJHEHMM YCJIOBUSA, YKAa3aHHOIO B CKOOKax, u
paBHad HyJIIO — B ocTajdbHbIX ciayd4asax. IIlpm g =1 mnoaysaem TARCH-mogesn
(Threshold ARCH) [25], a npu B = 2 mnoxydaem mogenb GJR, mpenmnoxennyro I'yo-

crenoM, Jsxarannatanom u Paukgaewm [5]. KosmuectBo momudpmranmii mogenn GARCH
K HACTOAI[EMY BPEMEHU BecbMa BeJIMKO, 60Jiee MOJIHBIA 00630p MX MOKHO HalTH B pa-
Hee IUTUPOBaHHON MoHorpadpun T. Mwusca [15].
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