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Ioa6op craunonapuoii mogean ARMA st psiaa nab.roaenni

ARMA (p, q): x, —Za X2 +Zﬂ &y B=1 a,%0, B,#0, ¢ - O€eJIBIH IIyM.
j=1

3agaua: IIpH IpeanoNoKEHHH, YTO HEKOTOPBIl HaGIIONaeMblii BPEMEHHOH PSI X, X;,..., X7
noposkaaercs Mouenbio ARMA, HeoOXomuMo 1monobparth KOHKPETHYIO MOJENIb M3 3TOro Kiacca
MoJIee.

Pemenue 3T0if 3aauu peaycMaTpHBaeT TPHU JTara:
1. uoenmudghuxaya Mmojenu;
2. oueHusanue MOJICIH;
3. ouaznocmuKa MOJICIIH.

Ha sTtane uaeHTH(MKAIMHE POU3BOJMTCS BHIOOP HEKOTOPOW YaCTHOM MOJICNIM U3 BCErO
kinacca ARMA, T.e. BeIOOp 3Ha4YeHui p U g. Mcnone3yeMele MpH 3TOM NPOUEAYPHI ABJIAIOTCSA HE
BIIOJIHE TOUHBIMH, YTO MOKET IPH IOCTEAYIOIEM aHalIN3€e IIPUBECTH K BBIBOJY O HENPHIOAHOCTH
WIeHTH(HITMPOBAHHOM MOJICIIH M HEOGXOIMMOCTH 3aMeHbI €€ albTepPHATHBHON Mozelbio. Ha aTom
JKe HTare JeaI0TCs MpeIBAPHTETbHEIE IPyObIe OEHKH KOOQYUIUHEHTOB &),y s s &y s By Pasess B,
HICHTU(GUIMPOBAHHON MOIEIH. /A ) LMULE

Ha BTOpOM STame IpOM3BOJAMTCS YIQUHEHHe ONEHOK KO>(Q(UIMeHToB Mojxemd ¢ .
HCIIONb30BaHHeM d((EKTHBHBIX CTATUCTHYECKHX METOHOB. I OLEHEHHBIX KOd(Q(HUIMEHTOB “ 2
BBIUMCIAIOTCS  NpPUOJMWKEHHblE — CTAHJApTHblE  OIIMOKM, — [aroliye  BO3MOXHOCTB,  IIPH /A
JIOTIOJIHATEIBHBIX TPEITOI0KEHUSX O PACTIPEACICHIAX CIyJalHbIX BETUIHH X1, X2, ... , CTPOUTb
JOBEPUTE/IBHBIE MHTEPBAIbl VIS 9THX KOd((HIMEHTOB M TPOBEPATh TMIOTE3bl 00 MX HCTHHHBIX
3HAYEHMSAX C LEIBIO yTOUHEHHUS CrieluPUKALU MOJIEIH.

Ha TpeTbeM oSTame MPUMEHSIOTCS DA3NMYHBIE JIHATHOCTHYECKHE NPONEAYPBI MPOBEPKH
A7eKBaTHOCTH BBIODAHHON MOJIEIM HMEIOMKMMCS AaHHBIM. HeanekBaTHOCTH, OGHapyKeHHbIE B
Tpolecce TaKoi MPOBEPKH, MOIYT yKa3aTh Ha HEOOXOIMMYIO KOPPEKTHPOBKY MOJIENH, MOCTIE 1ero
POM3BOJMTCA HOBBIA MLMKI moxbopa, ¥ TJ. AO TeX INOp, Moka He Oyzer nomygena

YZOBJIETBOPUTEIBHAS MOJCIIb. r‘a’
B ciaydae, €CJIM MBI HMEEM €0 C cmyauneﬁ, Korja yxe HMEETCI OOCTATOYHO

oTpaboTaHHas ¥ pasyMHO MHTEPNPETHpyeMas MOJeJb SBOJIOLMH TOr0 HJIH MHOTO IOKasaTens,
MOYKHO 00OHTHCH M 6€3 dTana uIeHTU(GHKAIUH.

UpenTudukauus crannoHapuoi mogenn ARMA

OCHOBHO} OTIPaBHOM TOYKOH A HACHTH(MKAUMH CTanMOHapHOH Mozemn ARMA
ABJISETCA pA3Huhe IIOBEACHHSA AGMOKOPPENARUOHHBIX W HACMHLIX (GMOKOPPENARUOHHDIX
pyHKLH BDEMEHHBIX PAIOB, COOTBETCTBYIOUIMX PA3IATHBIM MOZEILIM ARMA.

Panee ObUIO PacCMOTPEHO IOBENCHHE ABTOKOPPENANHOHHBIX (YHKLMH UL Pa3IMYHBIX
mozeneit ARMA. B uactHoCTH, OBUIO ITOKA3aHO, YTO:

1. aBrokoppensuuonnbie GyHKUMH p, npouecca AR(p), HauuHas ¢ HEKOTOpOro k= p, 4

SIBJIIIOTCS DKCIIOHEHIIHAIBHO 3aTYXAIOLIUMHY; N

2. aBTOKOppe/AMOHHbIE (YHKLUMH p, mpouecca MA(g), Haunnas ¢ HEKOTOPOTO k =g /

obpeiBatores (p, =0).
SIcHO, YTO TIOPSIOK aBTOPErPECCHOHOM MOJENH MMeeT GOJBLIOE 3HAUYEHHE, OIHAKO IO

[IOBEJIEHHIO TOJILKO aBTOKOPPEJLILHOHHON (DYHKIMH TPYAHO MACHTH()HUMPOBATH NaXe IMOPSIOK
quctoro (6e3 MA cocrapnsonieii) mpolecca aBTOperpecchu. Pemenuio 3Toro Bomnpoca nomMoraet
paccMOTPEHHE MOBEICHHS YACTHOM aBTOKOPPENISIIHOHHOM (DYHKIHH.
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B ompeneneHue aBTOKOPPEIALMOHHONH (QYHKIHH o = —Va_r}X—)E{(X =X - p)}

BXOJIUT Koisapnaumx MEX/1y 3HaYeHHSIMH Tpoliecca, OTCTOSALIMMH Ha 7 IIAroB M0 BPEMEHH IpYT OT
apyra. OfHaKo Ha moBeeHHe mpouecca AR(p) CTAaTUCTHYECKH BIIUSET HE TOJBKO €ro 3Ha4CHHC B
MOMEHT, OTCTOSINMI Ha 7 €IWHHII Ha3aJ, HO U BCce MPOMEXYTOYHBIE 3HAUCHHUs IpoIecca MEKIY

MOMEHTaMH [ U [ —T
B sToMm CJIydyae BO3HHKACT BOIPOC: KaKOBa JIMHENHas CTaTHUCTHYECKasl 3aBUCUMOCTb MEXKIY

3HAa4YEHHSIMH IIpolecca B OTH MOMEHTBI, €CJIM Mbl YCTpaHHM BJIHSIHHC BCEX ITPOMEXYTOYHBIX

3HAYEHHH?
KoadpuumeHT Koppeasiiui IpU HCKIIOUCHUH H{)OMC)KyTOlIHHX 3HAYEHUM Ha3bIBaeTCS

YacmHbIM KOI(hhuyuenmom Koppenayuu. PM
OGo3HauMM uepe3 ¢, - k-oe 3HAUEHMe YACTHOH aBTOKOppesiuOHHOH dyHkimu. Io
ONPEJIENIEHHIO @, - 9TO KOI()(HIUMEHT KOPPEISAILMU MEXTY X, , H X, 32 BBIYETOM TOH YacTH X, ,

KOTOpast JINHEWHO 00BSICHEHA TPOMEXKYTOUHBIMHU JIaTaMH X,_;, X, 5, --- @
Bornee crporo, Hac HHTepecyeT Ko3()HIHEHT KOPPEIALHH ——t
Corr(x QX T PraXiy T T P 1@, - k)x.e%( Lolel :' Zﬂix‘b
THE @41y PryseensPruy - KOIDOHIMEHTBI THHEHHON KOM6HHaIIHPI obecrieynBa omeu MHHHMaJIBHy}O ) W
i oL
Cpe/THEKBAIPATHYECKYIO OMMOKY Npe/ICKa3aHUst T E Wi‘k i { Y»c gx
["L
i b o~ z x-4
min E\(X, — @, X, = @i X, 5 =~ Pur i } \PM* ., m'&—*t"‘"" -
Ecu HccneyeMslii pouece NpHHAUIEXHUT K Buay AR(p), 10 ¢,, = a,. bonee Toro Ui
TaKoro Tpoliecca TeKyllee 3Ha4eHHe BBIPAKAETCS Yepe3 POBHO p MPEbIAYIINX 3HAYCHHH, H ydeT
GoJiee paHHUX 3HAUEHHH YK€ HE MOXKET YJIydIIUTh IPOrHO3.
D10 03Hayaer, uyTo Aus npouecca AR(p) ¢, =0 npu k> p.
PaccMOTpMM ~ HECKONBKO  IPOCTBIX ~ IIPUMEPOB  pacyeTa  3HAYeHHH  YaCTHOM
ABTOKOPPEJSLIMOHHOM QyHKIHA.
[pouecc AR(1). X, =aX, | +¢,.
1. Paccmorpum perpeccuto: X, =@, X, +¢,.
VMHOXaeM ypaBHeHue Ha X, ,, OepeM MaTeMaTHYecKOoe OXXHIaHHE OT 00euX yacTedl n
JIeJTUM pe3yJIbTaT Ha aBTOKOBapHALMOHHYIO (yHKIHIO 7(0)= Cov(X,, X,). onyuaem:

(7(0)= Cov(x,, X,) = E[(X, - E(X, XX, - E(X,))]= E(X,X,), rax xax E(X,)=0)
(XX,I) (XJ E(X,.5) i A ((/D(K 2 )
7(0) ' 20) o) !
2. Uto6sl ONYyIHTE @,;, HOCTpOPIM TEOPETHYECKYIO perpeccuio X, =@, X, + ¢, X, , +¢,.
Kak u pansine, yMHOXKaeM o0e yacTu Ha X, ,, 6epeM MaTeMaTH4yecKoe OXHIaHHE, JeHM
na 7(0).

IToy4daem:
E(X1X1-1)=¢2] E(X’Z-l)'l'(/’zz E(Xr 2Xt 1) E(X,_lé',)
0 "RG0 A" 0

= P=Py PPy B o10 coomo eﬂge BXOJAT 2 HEM3BECTHBIX: @, H ,,. HyxHo
IOJTy4UTh €IUEe OJHO COOTHOMIEHHE, 4TOOBI onpenenuth MX. [TosTomy ymHOXaem obe wacTh
HCXOIOHOTO ypaBHeHHMsT Ha X, , H DOpPOM3BOJAMM Ty e camylo omepanuio. [lomydaem
P, = PPy + ¢, . Tlonydaem cucTeMy ABYX JIMHEHHBIX YPAaBHEHMH OTHOCHTENBHO (@, H @,,, A
K09 QUIHMEHTBI ITON CHCTEMbl ypaBHEHMH BBIp@XEHBI 4epe3 p, U p,, CBA3b KOTOPBIX C

k02 GUIHEHTaMI HCXOHOTO ypaBHEHHs Tpollecca HaM y)ke W3BeCTHa. J[pyrHMH CJIOBaMH, Halll
OJXO/l /IaCT CBS3b MEXJY Koaq)(bnunemamu ABTOKOPPEJIIHOHHON (DYHKIMH M 4YacTHOM

E (fhed) 2785, Exw + Y2 - (X{ e \ + E_( X_*'lc(*\
8(¢) ¥(9) \6(0) 59
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592 339 WINE AN TObY PO B Y dna gonmey

ABTOKOPPEIALMOHHON (QyHKIMH. B 1aHHOM ciiydae y Hac BCEro Ba ypaBHEHHs, MOJKHO pelath ax
no-passoMy. Ho MOCKONBKY HAac MHTepecyeT TOJNBKO OJMH €/IMHCTBEHHBIH K09 HHIHEHT @,,,
HauboJee IKOHOMHO Oy/IET HCI0Ib30BaTh paBuiio Kpamepa.

P T PP =P ;
{ 0 T PP = P @4”"’”1‘,@/’{(

PPy TP =P roet. ¥

1
[ pl]x[¢21]=[pl:| Ll (/’22—
P 1 P P> 1= pf
KcTaTi, MOCKONBKY p, - 3TO 3HaYeHHe aBTOKOPPEJIANMOHHONH QYHKIMH, TO OHO MCHBIIC 1%
TO ecTh B 3HaMeHatene 0 He OyzeT. : [0 (T)=

aime;

Tak xax st mportecca AR(1) MOXHO TOKa3ath, 4T0 P, = " Yk, To @0 = —Ez— =0,
1

KaK U 0)KUAAIOCh.
JUis ~ Toro  4robbl  TOCYMTATh @y, 3alUIIEM  TEOPETHYECKYIO  PErpeccHio

X, =03 X + 03X, + 93X, 5 + € . AHUIOTHIHO npe;:(bmymemy [OJTyYaeM CHCTEMY YPaBHEHHIA:

P =@ 1+ 0up + @530, { P \/’
Py =3P + @3 -1+ 0330, £ A \)ﬂ1 "'
O3 = P3Py + P+ @351 \P’L !

BHOBB HAC HHTEPECYET TOJIBKO x(oa<bq)nunenr @53 - Bocnom,zyeMcs{ npasuiom Kpamepa, HO,
HCIIONTB3YS TPEIbITYIIHil OIIBIT, CYUMTAEM TOJILKO ONPENEIHTENb B YHCIATENE:

g S [T :
Ay =lp  1hip|2le 1 a@?=0 @
by o Pl lery e i
(mocnemHuii  cTONGel,  IPONOPHIMOHANEH — IEPBOMY  CTONOLY,  MpHIeM K03 hunueHT
IPONOPUMOHAIEHOCTH paBeH K0 ULMEHTY yPaBHECHUS nponecca) = @;; =0.
Temepbh MOXHO BbIPa3UTh ONpEIETHTENb B YHCIHUTENE JUIS NMPOM3BONBEOro k. Cucrema
JIMHEHHBIX  YpaBHEHHMH, CBS3bIBAlONIAs  3HAYEHHsS  ABTOKOPPESLMOHHOM W YacTHOH

aBTOKOPPEJSLHOHHON QyHKUHMH, (aKTHIECKH SBISCTCS cuctemoi ypaBHeHui#t [Ona-Yokepa s
TEOPETHYECKOH PErPECCHU C HEM3BECTHBIMHU H MOUISKAIMME ONpPE/ICNICHHIO 3HAUCHUAMH JaCTHOM

ABTOKOPPEALMOHHON DyHKIIHH: &)_2_ o f(K 1) +Q2 LU “2)4,, } Oy \/9 (i
P =P 1+ Qi + PrsPy + oot Py Pry

L7o-
P2 =PuPi+ P 1+ Pispr + ot QupPry
...................................................................... ‘ e
P = PuPit t PuaPra T PisPrs + ot Pu 1 f 1?” / 3P i (/K‘ J
VicKoMbli onpefeuTesb UIMEET BUA: N= \P}{ /‘ 04 /DK =
L oy sk Pic 6P ; U0 % Ut

P 1 f{ P / : i

i i A Bowd

1
Ha rnaBHO# I@aroHaIM Bce 3JIEMEHTHI KpoMme IocienHero Oynyt paBHbBI 1. CBs3b MexIy

kodpuIMEHTaME @, U pP,....,Pp, TO €CTh MEXIY aBTOKOPPEISUHOHHOH M YacTHOI




A
ABTOKOPPEIALIHNOHHOU (byHKL[HﬂMH, BBIpAXKaeTCs CJICAYIOUIHM COOTHOUICHHEM: @, = —AL ,roe A

- OIIpeJIe/IUTENIb CHCTEMbI YpaBHEHHH

1 Pr1 - Pra Pra
AL ,z?, 1 HeXghan ,o,f_2
DR v o’y b 1

Takum oGpasom, 3Has KO3(QHUIMEHTHl aBTOKOPPENAUMOHHOM (YHKIMH, MOXHO IO
ypasuenusM [Ona-Yokepa nepecuntats Kod(GUIMEHTH! YaCTHOM aBTOKOPPEIAIMOHHON (yHKIIHH,
1 Ha060pOT. §AX AR)

Ecnyu cyuMTaTh 4eTBEpTOE, MATOE W TaK jajee 3HAYEHMs YaCTHOH asroxoppemuﬂonﬂou
¢ynknuu, To Bece omu pasusl 0. Ilostomy s mpouecca AR(1) 3Haqe}m;1 YaCTHOM
ABTOKOPPEJIAIMOHHON (DYHKIIHH, HAUHHAs! CO BTOPOro, paBHEI 0. WYuc€=0,1 >4
CrieioBarebHO, TOJNyYeH HHIMKATOp TOTO, YTO HCCIEAyeMbIi npouecc TOYHO SIBJISIETCA
npoueccom AR(1).

B obmem ciydae npouecca AR(p): ecin k>p, TO 4HCNO CTONONOB B Ompenenutene A,

Gonble, YeM IIOpSAOK aBTOpErpeccHH. B 3ToM ciryyae pasHOCTHOE YpaBHEHHE IUIA  P..., Oy
[I0Ka3bIBaeT, YTO HAYHHAS C k>p, KaXKI0€ p BBIPAKAETCS ONHOM U TOH JKe TMHEHHOH KoMOHHaIHeH
TIpeABIIYINX 3HaueHui. Kak ToJIpKO Y4HCI0 CTONONOB GoNbINe p, TO KaXIBIH CcTOIGe1 ¢ HOMEPOM
GOJBIIMM Kk SBISIETCS JIMHEHHON KOMOMHAMEH NpeapIymuX cTononoB. IIpuyeM koapduiuEeHThI
5TOi JMHEHHON KOMOMHAUMH - 9TO KO3((HIHMEHTH ypaBHEHHsS MPOLECCA &, &ys...,Q,. TaKuM

06pa3oM, MoceHUi CTOIGEL] BCeria ecTh JIMHeHHas KOMOUHAIKS p NPEABITYIIMX CTOIOLOB, KaK
ToNBKO_k>p. I10oTOMY OmpenieuTess ! TaKOM MaTpHUIIEI 0053aH 0OPAaTUTECS B HYJIb.

| OOmMiT BBIBOA: YacmHuas A6MOKOPPeNSYUOHHAs (YHKYUS A8MOpezpeccuoroz20 npoyecca
AR(p), pasna 0. 0 ons k>p, u, 600buje 2060ps, He pasna Onpu k<p.

B pe3yJbTaTe 4YacTHas aBTOKOPpEISUHOHHAas (QyHKIMA Ui mporecca AR wurpaer TouH
TaKyI0 K€ KaueCTBEHHYIO pOJib, KaK aBTOKOppessnMOHHas (yHKums 1 mporecca MA. Oua
obpamiaeTcsi B HyJib, KaK TOJIBKO A>p. MBI 3T0 Jlokasau B 00IIeM Cilydae ¥ IPOJEMOHCTPHPOBAIIH
Ha Tpolieccax IIepBoro ¥ BTOPOro Mopsiaka.

Tenepp nenaem cnexyiomuii mar. IlepexoquM K KOMOMHAUMM IBYX Pa3IMYHBIX THIIOB
nponeccoB AR(p) u MA(q). Pacemorpum o6t nponece ARMA(p,q) aBTOPErpecCun-CKOIb3sIIero
CpeJIHero:

y 4
= e +Z,B £.;» PB,=1, - B pasBepHyTOM BUJE;
Jj=1 j=0
( hiy= g (L)e, - B oneparoptoMm Buze.
Yr06BI BBIICHHTh, KaK BeIET ceOsl aBTOKOPPEJISIIHOHHAS M YacTHAs aBTOKOPPETISLHOHHAS
dynxumn mporecca ARMA, HayHeM € IPOCTOH CHTYalluH, a MMEHHO ¢ npouecca ARMA(1, 1 )
B omepaTtopHOH 3alIUCH: ( aL)x = (l + ﬂL)e, , WK B OOBIYHOM BHJIE:

x =00, ., +&, + e 3 MA("O),‘ 0% - A -

Vernosue cranuonapHocTH npouecca ARMA: |a| <1. % 4

JIns BHIYMCIEHMS JUCTIEPCHH TIpoliecca YI00HO HCIOIb30BaTh MA (o) npencTaBIeHue, Tak g
Ha3bIBAEMOE TPeJICTaBIEHHE JIHHEHHOIO (bpmb"rpa

x=1i£ﬁ ~(1+,BL)(1+aL+aL2+ )e 1+ @+ AL +ala+B)L +.. .
+Q%(a+$)B+.-
{k,\"L%'
oo O §ce b e
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Torza Var(x)=[l+(a+/5')2+a2(a+ﬂ)2+...]af= l+(a+’82) aj=1+’13 +22aﬂ0'f
-a -a

YroOBI MOCYUTATH MEPBYIO ABTOKOPPEISIHIO, YMHOKHM BBIpaKEHHE X, =X, +& + Pe,_ Ha X,
¥ BO3bMEM MaTeMaTHYECKOE OXKUAAHHE OT 00ENX JacTeH.
Honysmw (1) = ay (0)+ fCov(e, .x,.,).-

YMHOXHB BBIpQOXEHHE X, | =X, , + &, -f-ﬁé‘l_2 Ha ¢&,_, WU B34B MaTeMaTH4YEeCKOE OXXHIaHHE,

=1
nomydaem Cov(g,,x, )= o’ . Ilocne NOACTAHOBKH IOTydaeM 7(1)=ay(0)+ po’.

_y(l)_(a+ﬂ)(1+aﬂ) kW\ Mz a,(u(?,l+ M)@QZ 4@{&

OxoHyYaTenpHO: P, = = > . 2 v
7(0) 1+ +208 ¥(0) (A+ 8% 248) 6

Tloc/eAyIOIye 3HAYEHMS ABTOKOPPENALNMONHON (yHKIMHM moOyunTh mnpouwe. Ecm
YMHOXHUTh X, Ha X,_, U B34Tb MaT€MaTHYECKOE OXHIAHHE, IIOJIYyIHM: y(2)=ay(l).. Juist Beex
3HAYEHHH y C MHAEKCOM OOJBIIMM, YeM mopsaok MA-yacTd, moiydaeM, 4YTO W3 paBeHCTBA
y(k+1)=ay(k) cnemyer pasenctBo ;p,, =ap,., To €CTb MBI MONYIWIA TO JXKE Camoe
COOTHOIICHHE, KOTOpOe HMEIN IS «JuCTOM» mojenu AR(1). Mbl Ha3plBai 3TO YpPaBHEHHAMH
IOna-Yokepa i aBTOKOPPEISUMOHHOH GyHKIMH. JIpyrMMH CIOBaMH, MBI YCTaHOBHJIH, 4TO,
HauyMHAas cO BTOPOH, aBToKoppensiuun ARMA(1,1) BemyT cebs Tak xe, Kak aBTOKOPpPE/IALHH AR(1),
HO IIEpBbIE aBTOKOPPEJIAINH ITHX ITPOLIECCOB PA3IHYAIOTCS.

Jlst AR(1), aBTOKODPETIAIAH UMENH BHA P, = . 4

Jlnsa npouecca ARMA(1,1) p, # a, p, =wy i o) A
) 1+8°+2a8 7V -L

O(HAaKO, HAYMHAS CO BTOPOrO HOMEpa, 3HAYCHHUs aBTOKOPPE/IAIMOHHOM (DYHKIUH Bce PaBHO
yOBIBAIOT SKCIIOHEHIHAIBHO.

Jina mpouecca ARMA(p,q) CnpaBeIMBO aHAIOTHYHOE YTBEPIKICHHE, €CIIHM, KOHEYHO,
nporecc craionapeH. [lepBrie p 3HaYeHUI aBTOKOPPEIALMOHHON QYHKIMH ONPEeNIOTCs depes
koodpummentst AR u MA-uacTeif, a NOTOM 3HaYeHHs aBTOKOPPE/SUMOHHON —QYHKIH
BBIPAKAIOTCS B BUJIE CYMMBbI SKCIIOHCHIMAIBHO 3aTYXAIOIIUX ClIaraeMblX.

Jlns npouecca ARMA(p,q), NpUMEHss TOT XKe METOA YMHOXCHHS ypaBHEHHMs Ipolecca Ha

3Ha4yeHUsd X, ; W IOCIEeAYyIOIET 0 B34THUSI MATEMATHYCCKOI'O0 OXHIAAHUA, OOJYYHUM, 4YTO JJIiAd

Yeid

k> max(p,q + 1), ABTOKOPpEJSIMA P,  ONpENENSAIOTCS  PasHOCTHBIM  YPaBHEHHEM,
cooTBeTCTBYIoIMM AR-4acTi. A BCe TpEMbLIyIIHe 3HAYEHHS O, MOTYT ObITh BBIPAKEHBI Yepe3
KOIQOULHEHTBl &}, Cyseees @y Py Prsss B, Kak peuleHHsl CHCTEMbI JIMHEIHBIX YpaBHEHHIL,
IIOJTy4eHHOH CIOCOOOM aHaJIOTHYHBIM NPONEccy ARMA(1,1). CnenoBatenbHO, HAUHMHASL C HOMEpPA
max(p,q+ I)Q\afnoxoppemunormax (GyHKIHS «3aTyXaeT» TOM € CMEBICIIE, YTO M JUIS Ipoliecca
AR. TakuM e KadecTBEHHBIM ITOBEJICHHMEM XapaKTEPU3YeTCS W YacCTHas aBTOKOPPEIAHOHHASL
dbynkuust mponecca ARMA(p,q). WHTYUTHBHO TaKoe CBOMCTBO IOHATHO. MBI TOBOPHIIH, UTO JUIS
MA(q) aBTOKOppeAIHOHHas (GYHKLUKS UL HOMEPOB, GoNbIINX ¢, IPOCTO paBHA Hymo. IToaToMy
pusiaue MA-vactu npu k>g kak Obl NpeKpamaercs, W aanblie «paboraeT» TONbKO AR(p).
HaoGopoT, YacTHast aBTOKOppeNIIMonHas GynKuus Wi npouecca AR(p) s k, G0IBIINX YeM p,
pasna Hymo. To ecth AR(p) mepecTacT BIMATH HA YaCTHYIO aBTOKOPPENAUMOHHYIO (byHKuHIO, U
ocTaeTcst TOJIbKo BiusHue MA(q).

Buisoj: Ecau npoyecc omnocumes k muny ARMA(p,q), mo, nauunas ¢ nekomopozo nomepa
(npuyem 2mom Homep 8adiceH, OH HAM 2060pUM O GeAUYUHE D U §), U ABMOKOPPENAYUOHHAS, U
yacmnas aeMoKOPPensyuonnas (GYHKyuu 6eoym cebs Kak cymma 3amyxalowjux dKCnOHenm, eciu
PpAO cmayuonapen.
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uMeeT BHA: X, =X, , +¢&,. Ecnu B3sth ne&I’)Bylo paBFSOCTb paBHyl0 Ax, =X, —(1 )
(etly u e FTHET Ty
ypaBHEHHe cBeJeTcs K cienyromemy:? Ax, = y, =¢,. To ecTb B NEPBBIX Pa3sHOCTAX pAI CTaHET

o

CTal[HOHAPHBIM.
Takoii MoIX0/1 MPUBOUT K CTAIHOHAPHOCTH HE TOJBKO CIydaifHoe OirysKkIaHue.
%wwgqf PaccmoTpum pﬂfl BUJIA:

x,=a+p+n +¢,.

Ero IOJIHOCTBIO JeTePMHHHPOBAHHAS YacTh (TPEH/I) ABJSETCS MapaboIHIeckoil (yHKIHeEH
BpeMeHH. OUYEeBHIHO, YTO STOT PsJ HEeCTAllMOHAPHBIH. MaTeMaTHYeCKOe 0XKHAaHHE OTOro Mmporecca
3aBHCHUT OT BPEMEHH.

IIposepum: IIpMBOAMTCS 1M Takoif PpAX B3ATHEM IOCICAOBATENBHBIX PAsHOCTEH K
CTallHOHAPHOMY?

Ecnu Mb1 BO3bMEM TICPBYIO 10C/IEJI0BATEIBHYIO PA3HOCTD, TO MOy THM:
Ax' =a+ﬂt+742 ¢, —a\"\ﬁ(t_1)_y(t_1)2¥1:=ﬂ+27t_y+(51 _gl—l)'
CTeneHb TMONMHOMA, ONMCHIBAIONIEr0 TPEHJ, TOHM3MIACh HA eIMHMIY. ECIH IpoBecTH B3sTHE
BTOpOil pasHOCTH, TO ocTamercs A’ x, = Ax, — Ax,_ —27+( -2¢,_,+&., ), TO €CThb IOJy4YHUM
CTaIlMOHAPHBIN MPOIECC. R

[IpaBoa, BHAHO, Kak B YpaBHCHHE HAYMHAET «IPOHUKATB» CKOJB3AIIECC CpEIHEC.
[Tony4yeHHBIl ABYKPATHBIM B3STHEM pa3HOCTEH CTAllMOHAPHBIA IIPOLECC SBIIETCA INPOLECCOM
MA(2). Ho, mo KpaiiHe Mepe, B3ATHEM IOCIEJOBATEIbHBIX PA3HOCTEHl MCXOAHBIA DA C
KBaJpaTHYHBIM TPEHIOM NPUBOAUTCS K CTAIlAOHADHOMY BUJLY.

Boxc u JIKGHKMHC Ha OCHOBAaHHM JTOrO CBOMCTBA IIPEMJIOXHIH BBIICIUTH Kiace
HECTAIHOHAPHBIX PSIOB, KOTOPBIE B3SATHEM IIOCIEOBATEIBHBIX PAa3HOCTEH MOXHO NPHBECTH K

CTallMOHApHOMY BHY, 8 IMEHHO K Buxy ARMA.
Ecmu psa mocse B3ATHS d TMOC/IEN0BaTeNbHBIX Pa3HOCTEH NPHBOJUTCS K CTALlHOHAPHOMY, TO ITOT

psan Hocut HaszBanue ARIMA(p,d.q).
ARIMA - mpoliecc aBTOPErpeccry - HHTErPHPOBAHHOTO CKONB3AMIEro cpeuero. I1pu aToM

p - mapameTp AR-uacTu, d - CTelleHb HHTETPAIKH, U ¢ - 3T0 apameTp MA-gacTy.
B oneparoprom Buze npouece ARIMA (p,d,q) 3an14ChBaeTCS KakK:

a (DA =B, (L),
Vmu mo-npyromy «, (LY1- LY'x, = B, (E)s:
b—v_g

ey oo

p+d
O10T npouecé"ﬁecmunonapﬂuﬁ, IIOTOMY 9YTO 3[€Ch HE BBINOJHSETCS yCJIOBHE, YTO BCE
KOPHH XapaKTepPHCTHYECKOro YPABHEHHS 10 MOJYIIO MCHBIIE €THHHIIBL.
Ho, eciiu 0603Ha4UTh (1 - L)‘I X, =Y,,T0 Y, - 9TO CTallHOHAPHbIA IpoIecc.
OcHoBHast 3acnyra Bokca u JDKeHKHHCA B TOM, YTO OHM ClEJIM 3TOT MOJAXOA jieT 25-30
Ha3a1 BEChMa MOMYJISPHBIM M BBEJM B MPAKTHKY NMPOrpPaMMbl U IPHMEHEHHs 9TOTO IOJAXO0Aa B
KOMIIBIOTEPHBIH MakeT HayYHBIX mporpamm s cuctemsl IBM-360, pacrpoctpanertoii B 1970-

1980 rr. mo BceMy MHUpY.

IMoaxoa bokca-/xenkHuca

Boxkc 1 JIKeHKUHC MPEIOKHIH CIIeIyIOMMM MOIX0/[, COCTOSIIMI U3 HECKOJIBKUX JTAIlOB, K
BeI60py Mojesu tuiia ARIMA 1o Ha6irotaeMoii peain3aniy BpeMEHHOrO psja.

I sman "Hoenmugpuxayua mooeau"
1. YCTaHOBUTH TOPSAOK MHTErpaliu d, TO €CThb NOOUTHCS CTALMOHAPHOCTH psija, B3sB

JIOCTATOYHOE KOJMMYECTBO I10C/IE0BATENbHBIX pasHocTel. [pyrumu crioBamu, "OCTauPIOHapnTL"

pAn. Lkw«,\,(, NOT el (el PV Ea i, /, t?
/f MW ml/,,(ll M;ZL f( v ?ff/’( /{/ %(/ Z¢ /W/zy /bénjz
‘k( £ u[ 7 ‘“/’ (5 p , /%/ % y%,( 7
/4? /JM@/?’/

PE——————.,




TR ) R,

O PRI e

o N B B A R DT N ST P

2. Tlocne 3TOro Mul MoTydyaeM BPEMEHHOMN psX y,, K KOTOPOMY HYXKHO MOZOOpaTh yKe
ARMA(p,q). Vicxonis M3 TOBEJEHHS aBTOKOPPE/SIMOHHON H 9YacTHOH aBTOKOpPE/ISLUMOHHOH

II sman "Ouenusanue mooenu" Corle (0ef @

F

(yHKIMi, YCTAaHOBUTH TapaMeTpBI p H g. (1 ONCH< e, T N / &5
P f/7(( / HD S 0O 1o, /

OuennBanue KOIQOUIHMEHTOB @, &y, &5 Py Brseess 3, TIpH YCIOBHH, 4TO MBI YK€ 3HAEM
pHugq.

III sman " Juaznocmuxka mooenu'"

CranjapTHas JUis 9KOHOMETPHYECKOTO MoXoAa npoueaypa. [To ocraTkam OCyImECTBIACTCS
TECTUPOBAHHE MJIH JUATHOCTHKA OCTPOCHHON MOZEIIH.

1V 3man "Hcnonvzosanue mooenu"

Hcronp30BaHMe MOJENH, B OCHOBHOM, JUIS TNPOTHO3MPOBaHMS OyAyliMX 3HAYCHHH
BPEMEHHOT'O psiaa.

Boxkc 1 J[KeHKHHC IPUMEHMIIA 3TOT TIOIX0/] KO MHOTHM BPEMEHHBIM PsJlaM, KOTOPbIE ObUTH
M3BECTHBI B TO BpeMs, Kak K (HHAHCOBBIM, TaK H K MAKPO3KOHOMUYECKUM.

Boxkc 1 JKEHKMHC CMOTJIH MOCTpouTh Mozenu Tirma ARIMA 11 Bcex UcclielyeMbIX pAioB
M YCTAHOBWIH, B YACTHOCTH, YTO TPAKTHYECKH BCE JKOHOMHMYECKHE IPOLECCHI ONUCHIBAIOTCS
MOZEISIMH C OTHOCHTENIBHO HEGOTBIIMMH BETHYHHAMY 1aPAMETPOB p | ¢, a apameTp d 00BIMHO He
npespimaer 2. K ToMy ke 0OKa3aloch, YTO TOYHOCTh IPOrHO3MpoBaHuA 1o MozemsiM ARIMA
OKa3ajach BBIIIE, YEM JABAIH B TO BpeMsi SKOHOMETPHUYECKHE MOJIEIH.

Eciu McenelyeMbli psijl HECTAHOHAPHBIH, TO €ro aBTOKOPPEIANHOHHAs GyHKIHS He OyaeT
yOBIBaTh.

Ecnu psill CTalMOHAPEH, TO, HAYHHasl ¢ KaKOro-T0 HOMEpA, TEOPETHIECKHUE aBTOKOPPEIISLUU
OynyT yObmBath. [103TOMy MOXHO DAcCYMTaTh MX OLEHKH - BHIOOPOYHBIE ABTOKOPPEISLMH, H
IOCMOTpETh, YOBIBAIOT OHH MK HET. ECIH psil OKaXeTcs CTAlMOHAPHBIM, IEPEHTH K ONPE/E/ICHUIO
napameTpoB p M ¢. Eciu Her, TO HaI0 NOCTPOMTH PSA NEPBBIX Pa3sHOCTEH M IPOBEPHTH Ha
CTaHOHAPHOCTb ETO.

PaccMmoTpuM, HanpuMep, npouece X, = o&x,_, +&,, &, ~WN (O, o )

Ilpu o >1 B3sTHEe NepBOH DPa3HOCTH HE IOMOXET CeNarh P CTAMOHAPHBIM. OJTO
HECTALMOHAPHBI PS/l B3PHIBHOTO THIIA, ONEHKH €r0 "aBTOKOPPETALMOHHOH" QYHKIHH pacTyT ¢
yBEIMYEHHEM CIBHTa BO BPEMEHH.

Ecinu xe o =1, To psii ipecTaBIisieT cobol ciydalinoe OIyXIaHHe B OCTIe B3SATHS NEPBOH
Pa3HOCTH OH CTaHET CTAIHOHAPHBIM.

IlepexofuM K OLIEHHBAHMIO TMO BBIOOPKE CTATMCTHYECKHX XapaKTEPHUCTHK HCCIIETyEMOro
mpoliecca B MPEITONOKEHHH ero PrOIHUHOCTH . B KauecTBE ONEHKH MaTeMATHYECKOTO OXKUIAHHS

i
IpUMEHSETCS CTaTHCTHKA X = 5 Zx, , T.€. 00BIYHOE CpEIHEE IO BHIOOPKE.
t=1
B KauecTBe OLIEHKM AMCIEPCHH IIpolecca OOBIMHO NMPUHHUMAETCS CIeAYIOINas BeTHYHHA:
2
S? =li(x, —f) . Obparute BHHMaHHe, AenuTenb He (7-1), KaKk NPHUBBIYHO I 00paboTKH
=1

He3aBnc1’4me gabmoaenui, a 7.

; CityuaiiHblii NPOLECC PrOJIMYEH, ECH C BEPOATHOCTBIO, PABHOMH EAMHHLE, BCE €r0 CTATHCTHYECKHE XapAKTEPHCTHKH MOXKHO NpeAcKasath no

O/IHOIT PeAIM3ALIK MPOLIECCA C MOMOLLBIO YCPEAHEHHA MO BpeMeHH. IHBIMH CNIOBAMH, CPEIHHE 3HAYCHHS MO BPEMEHH MOYTH BO BCEX BO3MOXKHBIX

peani3aumsX npoLecca ¢ BEPOATHOCTBIO SAMHHLA CXOAATCA K OHON M TOif 5K MOCTOAHHON BEHYHHE (CPCAHEMY 3HAUCHHIO MO BCEM BOIMOKHBIM

peanu3aumaM), T.C. CPEAHEE MO BPEMeHM paBHO Cpeaemy no peanusauuaM. [Uis Toro, utoGbl CTAauUMOHapHEIi nmpouecc GbLl IProamumsiM,

JIOCTATOYHO  BBLINOAHCHHS  YC/IOBHS: e . Craunonapusie mpoueccsl ARMA(p,q) o6nanaior CBOHCTBOM 3proAH4HOCTH
(r 5 r0) =0

k=)
Hectauvonapnsiii npouecc ne moxker GpiTh dproamyeckum. Ho He BeAkuil CTAUMOHAPHBIH NPOLECC IProOAMHCH, XOTA /U NMPAKTHUECKHX ueneii
HAMYHE CTALHOHAPHOCTH HEABHO MOAPA3yMEBACT IPrOAHUHOCT.
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Jlns  oueHku  Kod(@HIMEHTa  TEOPETHYECKOH  aBTOKOPPENSLHH  HCIONB3YeM
7
N (e -F)x =)
= 1=k+1
K 7S>

910 03HAYaeT, YTO /Ui pacyera BHIOOPOUHBIX KOBApHAlMH HCIIOIB3YETCS O/THHAKOBBIH
JAenuTens - 1, 4YTo, B cjydae HE3aBUCHMBIX HaOMIOACHHH, JaeT CMEIICHHBIE OLCHKH
COOTBETCTBYIOMIMX TEOPETHYECKUX KoBapHaluii. Ecm 651 MBI TpeOOBaIM HECMEIIEHHOCTH OLCHOK,
TO y Hac 6Bl ObUIM pa3Hble JEIUTENH IpH pa3inyHbiX K. Kpome ToOro, mpH yBEIHYCHHH k
yMeHbIIaeTcs 00bheM BBIOOPKH, TPHIOAHBIH JUIS pacyeTa OLECHKH COOTBETCTBYIOLICIO
kodhduumenta xoppernsuuu. Ha mpakrgke, 10 PEKOMEHJAlMH, HAyIUeH eme OT Bokxca u
JDKeHKHHCa, HE pacCYUThIBAIOTCS oueHku(d, sk >T/4.

OJHMM W3 CJEACTBHH BBIOOpa MMEHHO TaKMX OLEHOK 3HAYECHWI aBTOKOPPEIALMOHHOH
(YHKUEM ~ sBAseTcs  [ADAHTHPOBAHHAS  TOJNOXKMTEIbHAS  ONPEIENIeHHOCTh  BBIOOPOYHOM
KODPE/ISUHOHHON MaTpuibl. PaHee Mbl OTMEUANH HAIMYHME TAKOrO CBOMCTBA Y TEOPETHYECKOI
ABTOKODPEJISIMOHHOM (yHKIMH. [IpH OIMHAKOBOM MeNHTENE y ONEHOK aBTOKOPPE/SIHOHHOH
(QYHKIMH TPH asIHYHBIX k TIONOKHTEbHAs ONpeIeNeHHOCTh BBIGOPOYHOH KOPpEISIHOHHOH
MaTpHIbl TapaHTHpoBaHa. [I02TOMy MBI TPEINOYHTaeM IYCTh CMEIICHHYIO ONEHKY, HO
rapaHTHPYIOILYIO 9TO CBOWCTBO, TeM Golee, 4T0 y Hac 00brgHO 7' - OTHOCHTENBHO Gonbioe. Bo-
BTOPBIX, IIPH IONOJHHTENHLHOM MPEANONOKEHHH O HOPMATBHOCTH pAacmpeseieHus 3HaueHHH
Ipolecca HMEHHO 3Ta Ol[EHKA COBIA/IAET C OLEHKO} MeT0/Ia MAKCHMATIBEHOTO TIPaBIOIIO 100

wpr©f§WHmemaﬂ“%“W“/“M
cd)= Nekums 7

I OTan "Unentnduxanus Mmogeau"

HekoTopble BHIBOJIBL, IIOJIyYEHHBIE PAHEE: A

1. Ecnu npu k 6GonblueM HEKOTOPOTO ¢ BBIOOPOYHBIE aBTOKOPPEISLHH J)k CTaHOBSITCS
OJIM3KMMH K HYJIIO, TO TIOAXOSIIEH MOJEBIO MOXKET OBITh MA(q).

2. Ecnim npu k GoiplueM HEKOTOPOTO p 4YacTHblE BBIOOPOYHBIC ABTOKOPPEILLHH
CTaHOBATCH 6nu3>1g'Mu K HYJIIO, TO IOIXOJSIIEH MOIENBIO MOXKET ObITh AR(p).

3. Ecmu u ,, U 7p)y CTpeMATCA K HYJIO IUIABHO, TO MOAXOMSAIICH MOZENTBIO SIBISACTCS

Lo spesne ase
cmemannas Mozens ARMA(p, q).

BakHBIM SBJSETCS TaloKe MPHHLIHAI SKOHOMHYHOCTH: IIPEANOYTUTENIBHBI MOZENIH C
HeOOJIbIIMMY 3HAYEHHUSIMU p U (.
Jisa yTOYHEHUs! TOTO, YTO IIOHMMATh IIOJ CJIOBaMH «ﬂ ONM3KK K HYJIO» WIH «@,, ONH3KH K

HYJTIO» MOTYT OBITH MCIIONE30BAHBI CIIE/YIOLTHE PE3YILTATHI.
Boxc u Jixenkunc (1976) noxasanu clie/iyroiee.
Ecmu x, - 9T0 Iporecc MA(q) ¥ mpouecc Genoro myma &, pacrnpesiesieH M0 HOPMaIbHOMY

3aKoHY, TO M1 k>¢ n nupu Gompmux 7 BHIOOPOYHAs ABTOKOPPEISIMS 7; ACHMITOTHYECKHU
__pacripe/ie/ieHa 1o HOpPMaJIbHOMY 3aKOHY CO CJIEYIONIMMH [TapaMETPaMH:

r;.“/ E(r)=0,

1
2_ Var(r)~— npu k=1
Sr‘" ar(r'() T pU 5
k-1
Var(tk)z % 1+ ZZrI_k npu k>1.
j=1

(KXKIOH peaTu3auuy cyyaifHoro mpolecca pH JO60M k COOTBETCTBYET CBOE 3HaueHne P, ).
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OtoT pe3yabTaT TaKXKE MCIIOJb3YeTCS JUIS OLICHKH JHUCIIEPCHH IIYTEM 3aMEHBI @k a

Bbl60p0‘1H0%Ha‘ICHP® b M\ \_e "

I'unoresa H;: p, =0 s k > g o3Hayaer, 4TO MpOILECC X, - ECTH MPOLECC MA(q).

Ecmu X, = 2TO Ipouecc AR(p), TO &fg_&orug}@eKyT%epmenue CpaBeUTMBO Il YaCTHBIX
. (Wyrw 2 e
Bb]60p0‘~lHI>IX ABTOKOppPEJIAMH @, , T.C. IIPH k>p @ ACUMIITOTHYCCKH pacrnpenenena Io
HOPMAJIbHOMY 3aKOHY CO CJICAYIOIIUMH ITapaME€TPaMH:

1 as
E((okk ) =0, Var(("kk ) & 7 (pu k> p ﬁ¢kk ¥ N(O’l))-

IT DTan "OuenuBanne ko3pduueHToB Moaeei THma ARMA"

Paccmotpum Moaens AR(p): Pl A N I R
JlnsNée MOXHO IPUMEHHTH OOBIYHbIA METO HauMeHbIIHX kBazpaToB (MHK).

[TOCKOMBKY perpeccopbl OTHOCATCS K HMPEIbITYIIMM MOMEHTaM BPEMEHH t=j=1),a¢ -
Geblit myM, TO KOPPENALUs PErpeccopoB X, CO CIlyYaHbIM Bg?l\quegnem &, orcyT%T:;yeT. ol ol
{han =02
Meton Hanmenpumx kBaapatoB (MHK) naer 1) cMelieHHBIE OLEHKH; 2) COCTOATENIBHbIC

OLIEHKI; HECMOTpS Ha TO, 9TO IPHCYTCTBYET CTOXaCTUYECKUH pErpeccop.
Hy>HO TIpOBEPHTH II0 OCTAaTKaM, JEHCTBUTENBHO JIM HAIIU MPEAIOJIOKEHHSA O TOM, 9TO &, -

% 1T
GebIii 1IyM, BBIIIOJIHEHBL. ¢ N ( 0, 'p’% )
EC/I JIOTIONHATENBHO Gefblil IIyM SIBSETCS TayCCOBBIM, TO 3HAUYEHHS X, PAclpeeseHbl

A A
HOPMAJIbHO, @ ONEHKM Kod(duimento «;, ... a, mnpoussenerusie MHK, cocrosrensHsl 1

ACHUMIITOTHYECKH HOPMAJIbHBI.
Ecnu paHHBIE UMEIOT HEHYJIEBOE Bbl60p0‘{HOC cpenuee X, TO MOXHO JUO0 BBIUECTH ITO
cpeaHee U3 JaHHBIX U CTPOMTH PErpeCCHIO 0e3 CB060I[H01"0 qji€Ha, T.C. paCCMaTpHBaATh X, -X,

760 TIPOCTO CTPOHUTE PErPECCHIO CO CBOOOIHBIM WIEHOM 6 .

JlpyrumMu CJIOBaMHM, JUI OLEHKH MAaTeMaTHYeCKOro OXHJaHHs IIpolecca AR(p) MOYKHO
1 T

MCIIONIB30BaTh JBE CTATHCTHKH: YX€ YINOMSHYTYI0O B IIPOIUIOW JIEKIHH X =72 X, "
=1

A

3 0 &
ji =—————, B KoTopoit mcross3oBanbl onenkn MHK. Jlnsa rayccosa mpouecca &, obe

Isa —.:.—a,
OIIEHKH COCTOSTEIBHBI M aCHMITOTHYECKH HOPMAIbHEL bosee Toro, o6e oHM acHMITOTHYECKH
HEe3aBHCHMBI OT OLEHOK IapaMeTpoB MojielH, noiyyeHHsx MHK.

q
JIns Mozeneit CKOJIB3AIIETO CPETHETo MA(q) x, = Z B€,_; | HEBO3MOXHO aHATUTHIECKK
Jj=1
BBIPA3UTh OCTATOYHYIO CyMMY KBAJIpaTOB Yepe3 3HAYCHHs peaM3aliy X, U [apaMeTphl MOJIEIH, a
cnenosarenbho, npumennts MHK. [l OlEHKHM NapaMeTpoB CYIIECTBYIOT [Ba IIOJAXOAA, IIO-
pasHOMY PEaM30BaHHbIE CETOJIHA B CIIEIHATH3UPOBAHHBIX KOMITBIOTEPHBIX MIPOrpamMMax.
1. IMpumenenue memoda MaKcuUManbrHozo npagdonooodus (MMII).
B mpeanoso)eHud HOPMATbHOCTH OIIMOKHM €, BBIpaXKaéM KOBapUALlMOHHYIO MaTpHILY

o

omKGOK (€€ dIeMEHTHI - 3HaYeHHs aBTOKOPPEISIIMOHHON QYHKINM) yepe3 napameTpsl S, [, ...,
B, obpatumoit monenu MA(q). DyHKEs IpaBaONONO0HS I HOPMAIbHO paclpelesIeHHOTo

!
BEKTOpa x = [xl,xz,...,xT] HMEET BUAO!

9 BRSO A AL

&

[,
|
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3neck yepes Y. o6o3HaYeHa KOBAPHALMOHHAs MaTPHIA Ipolecca X .
DneMeHThl TO MaTpHIlhl BBIPAKAIOTCS, COIJIACHO CBOMCTBY 0OpaTHMOCTH, 4€pe3
napavetpsl Moxenn S, f,, ..., f,, TNOITOMY TMpOLEAypa YHCICHHOH ONTHMH3ALHH

(MakcuMHM3aIMK (QYHKIUM TPaBAONOA00HA) MO3BOJAET HAHTH OLEHKH METOJa MaKCHMAaJIbHOIO
MpaBaoONono0us, Kotopsle OyayT ob6namath OOBIMHBIMM CBOMCTBAMM COCTOSITCJIBHOCTH H
aCHMIITOTHYECKOH HOpMalbHOCTH. Kpome TOro, omeHku mapamerpoB Mozenu MA(q) u oueHka
IMCTIEPCHHU CIy4aHOTrO BO3MYIIEHUS aCHMIITOTHYECKH HE3aBHCHMEL.

2. Ilpumenenue npoyedypsl HEAUHCHHON ONMUMU3AUUN HOUCKA HA CemKe (grid-search

procedure).
DTOT MOAXOJ, TMO3BOJSIONIHMI OGNErYUTh BBIYMCIUTENbHBIE 3aTPAThl, IPUMEHHIH boke H
J>KEHKHHC.
\ PaccMOTpHM HIEI0 TOTO I0/IX0/1a Ha npuMepe npouecca MA(2): x, = g, + By, -

1) HaiizeM cHayama OLEHKY MaTeMaTHYeCKOTO OXMIAHMS Ipolecca X =E(x,) B

PEIIOJIOXKEHHH O €ro CTALHOHAPHOCTH U 3PrOJAMIHOCTH.
2) 3arem BeIOEpEM HEKOTOPHIE 3HAUEHHS (ﬂl, ﬁz), ganpumep (0,5; 0,5).
3) Hcxons u3 ypaBHEHHS IIPOLECCa, X, BBIPAXAETCS Yepe3 MpeIbITyIne OHUOKH, HO OHH

HE U3BECTHBL Zez % FPaCey AP 2@+ L«

[TosTomy 6yaeM cuMTarth, 4TO X, =X +e,. OTO JaeT HaM e, =x, —X . 3aTeM IojiaraeM
12 = %+ Bal+€o

e, =X, —X— P, e =x;— Pr/%el uraxnanee PRV
4) Tenepb 'vxém-{g “ Sl X(BazipaToB OTKIOHEHHI Ze %ﬂ € ¥l +6
TOCKONBKY OHA MOCYMTAHA /U BBIOPAHHEIX 3HaueHmi mapametpos (B, f,), Mbl MoskeM

paccMaTpuBath ee Kak (GYHKIHMIO 9THX IEPEMEHHBIX.
5) Jlanee xakod-mub0 YUCIEHHOM IPOLENYpOH, HAIpHMEp MOHUCKOM HA CETKE, MOXKHO

nepebuparh KOMOMHAUMA £, U [, WIM YHCIEHHO UCKATh MAHHMYM 3TOH QyHKI(xd: minZef {
Brp

09 pULHEHTE (ﬂ]', B ), KOTOpble O00ECIEYHBAIOT MHHHUMYM BBIP2KECHHS Zef u Oynyt

olleHKaMH Kod(uiraenToB Moneau MA(2).

B obmeM cnydae Moxenun MA(g) 1) ®uxcupyeM HayajdbHbIE 3HAUCHUS ,B,°,..., ,B: %

OIpeJiesisieM OCTATKH 4epe3 HaOMIONEHHs: e, =X, —X, €, =X, =X — Ble, u Tak panee. [Iponenypa

TOJTy4EHHs! OCTATKOB JIOCTATOYHO NPOCTA, BCE OCTATKH ¢ OTPHLATENLHBIMH K H)JIEBHIM HHJIEKCAMH

B MCIIONB3YEMBIX BBIDKEHHSX 3aMEHSEM HyJAMH. 2) 3aTeM HaXoIuM m_inZef. 3) YucneHHbIM
B

MIOMCKOM HaXO/IMM OIIEHKH [1apaMeTPOB.

3ameuanue: bBpila JI0KazaHa aCHMITOTHYECKAs SKBUBAIGHTHOCTh OTOH IPOLEMYPEI
OIIEHHBAHUIO METOI0M MaKCHMAJIEHOTO IPaBIONOA00HS. ( Wf\M Rl ©2),

Jlasi ouenxn mnapamerpoB moaean ARMA(p,q) MOXeT NPHUMEHATHCS KOMOUHaWIA
Memooa HaAUMeHbUUX K6AOPAnoG8 ¢ NOUCKOM HA CeHIKe.,

Paccemorpum Moaens ARMA(2,2).

ITycTh ypaBHEHHE MOJETIH UMEET BUAL:

(- L-c,)x, =(1+ BL+ B, .
(1+BL+BL),
l-al-a,

Ero moHO nepemnucath B BUZE: X, =

1

Beenem BcomorarenbHbli CTydalfHBIH mponece z, = ——————— &,
l-aL-a,L

D S i 2o

|
|
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Torpa mnpoumeccsl X, Mz, CBA3aHbl COOTHOIICHHEM X, =(1+ﬁ,L+ B,L )z,, KOTOpO€

HanoMuHaeT ypaBHeHue MA(2), TONBKO BMECTO &, CTOMT Z, .
Onpesienum «HaOMOACHUS» z, Yepe3 HAOMOAEHUS X,, CKOHCTPYHPOBAB Z, TaK ke, Kak
paHee ocCTaTKd Mojead MA, T.e. 3Ha4YeHHUsS Zz,, KOTOpBIC elle HE ONpPEAC/ICHBI (C HYJIEBBIMH H
OTpHIIATEJIFHBIMU HHEKCAMH ), T10J1araeM paBHBIMHU HYJTIO.
Torpna:
zo =, (P Xy = 2p 4 Bz, +.0,2)
=

2, =X, 0z | TR % =2, + Pz + Bz |4
=0

z, = x, = Pz, - B2y,

Jlanee W3 ompeJesieHus mpolecca z, CIEAYeT, YTO 3HAYCHUS z, CBA3AHBI C OCTaTKAMH ¢,
MCXO/HONH MOJENH  CIEAYIOUMMH COOTHOIIEHHSIMHU: Z, — &2, — 0,2, , = €,. OTHOCHTENBHO
mnpoiecca z, Mojenb cTana AR(2).

3Has «peanM3almMIo» z, /Ul BBIOpAaHHBIX 3HaueHHH Ko>(pQuIMEHTOB (ﬂ,°, By ), , MOXHO
OLIEHUTH KOI(hBHUIHEHTHI &, ¥ &, ¢ IoMoIbIo 06skHOBeHHOro MHK.

B pe3ysbTaTe HAXOMM OLEHKH KOGQHIHEHTOB (&, , &), ﬁ, 3,), HO TIOJTy4eHBI OHH II0-

passomy. Onenku (f,. f3,) 3aaHbl KaK HadanbHBIE 3Ha4eHus, T.e. (S ] 5) =(,B,°, By ) A motom,
MCXOJIS M3 HUX, IOCTPOEHBI OLTUMAIEHBIE OLEHKH (&, , &, ).
[IpUMeHss YMCIEHHBI METOJ ONTHMH3AlMH (HAampuMep, NOWCK HA CETKE) OLCHHBACM

3HaYEHUs TapaMeTPOB, 00ECIIEUNBAIOIIHE m%np ey
@1,%2 P1>P2

Ecnu ¢, - Genplif rayccoBCKMIl IIyM, TO MUIsi oueHuBaHus Mopean ARMA(p,q) MOXHO
TaKKe IPUMEHAT MeMO00 MAKCUMATbHO20 NPAGOOROOOOUA.

O611as cxeMa ero MpHMEHEHHUS ClIeIyroLast.

1) BolpaxkaeM 3Ha4YeHHs aBTOKOPPEJALMOHHON (YHKUHH Ipolecca X, 4Yepe3 MapaMerpbl

MOZEIH &), 0y @y s Bis Bros By -

2) Crponm KOBapHALMOHHYIO MaTpHIly mopsaka T.

3) 3anuchiBaeM QYHKLIHIO PABAONONOOHS ISl MMEIOLIEHCS BBIOOPKH X,,..., X7 .

4) Pemaem (Kak IPABUJIO, YUCIEHHO) CUCTEMY yPABHEHHH PABIONONO6HSL OTHOCUTEILHO
o1eHOK K03pPUHEeHTOB &,,d,,....4,, , ﬁl,ﬁz,...,ﬁq.

PeanpHble aNTOPUTMBI METOJAa MAKCHMAJIBHOTO IIPAaBIOMOJOOMS, peaTH30BaHHBIE B
CTIeLUANM3UPOBAHHBIX KOMIBIOTEPHBIX MAKETaX, OTJIMYAOTCSA OT ITOH CXEMbl, HO MPUHIMIHAILHO
OHA OCYIIECTBMM@ W OTPaXaeT JIOTMKY TOMyYeHHs OUEHOK MeTOfa MaKCHMalbHOIro
npaBaonoa00Ms.

[Tocne TOro, KaK ImapameTpbl MOJENH OLEHEHBI, OCTAeTCs OLEHUTh KAuyeCTBO IOJYYEHHOM
MOJIEJH.

III Dtan "dunarnocruka moaean tuna ARMA"

Wcxomuoit wuH(poOpMamuei JUsl JUarHOCTHKM CIy)KaT ocTaTkd Mozenu. [lockonbky
TIPE/ONArajoch, 4To CIyYaiHOe BO3MYUIEHHE &, SBIAETCA OENBIM IIyMOM, IIO3TOMY, MPEXe

BCEro, HaJlo NPOBEPSITH HEKOPPENTHPOBAaHHOCTH OCTATKOB.
Takum o6pazom, npoBepke MOJIEKAT, B IIEPBYIO OYepelb, 2 MOMEHTA.

M
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[IepBblii MOMEHT - 3TO Kauecmeo Moolenu. ]I TPOBEPKH KayecTBAa MOJCIH HYXKEH
HH/IMKATOp TUIA KPUTEPHsI MHOXKECTBEHHOH JeTepMUHALIHH R .

BTopoif MOMEHT - 3T0 HeKoppeauposanuocms ocmamkoe. Eciu — OCTaTKH
KOPpEeIHPOBaHHbI, TO OLEHHBAaTh AR(p)-4acTh METOAOM HaHMEHBUIMX KBAJAPaTOB HENB3S, TaK KaK
MOJTyYHM HECOCTOSATEIbHBIE OLICHKH.

1. IIposepka kawecmea mooenu

Kak mpaBuio, pu IOCTPOSHHH MOJENeH BPEMEHHBIX PAIOB KPUTEPUH KaueCTBa MOArOHKH
Mofenieif TNPUMEHAIOTCS JUIs  CpaBHEHHs Mojenedl Mexay coOoif. [lockonbKy —OLCHKH
K0>()DUIMEHTOB MPOBONATCS MyTEM ONTHMM3AIMHK, (AKTHYECKH pedb MAET O BbIOOpEe MOpsiKa
MOJIEJH, T.€. 0 CPAaBHEHHH MOJIEJIeH ¢ pa3TMIHBIM YHCIIOM IIapaMeTPOB.

AGCOMOTHBIE ~ KPUTEPHHM, THIIA  CTaHZApTHOro  KoddduuueHra MHOIKECTBEHHOH
netepMUHAIMH R’ , He IPUMEHSIOTCL.

OueBHIHO, YTO MOJEIH C GONBIIMMH p M ¢ HAIOT JIydlIne (MEHbIIME) 3HAYCHUS CyMMBbI
KBAJpaTOB OCTaTKOB, 9e€M MOJENH C MEHbIMMH p M ¢. Ho 3TO NpOTHBOPEYHMT IPHUHIHUIY
9KOHOMHOCTH.

HanGonee pacmpocTpaHeHHBIMH B HACTOSIEE BpeMs SBISETCS NPEUIOKEHHbIH AKauKe B
1974 r. kpumepuii AIC (Akaike information criterion) n npeioxennsii lllsapuem B 1978 T.
kpumepuii BIC (Bayesian information criterion). O6a 3TH KpuTepus IOCTPOCHBI IPUMEPHO
OJIMHAKOBBIM CIIOCOOOM.

Hugpopmayuonnwiii kpumepuit. AIC mns monenn ARMA(p,q) BBINIAOMT CIEIyIOIIUM

3 obOpa3oM:

AIC(pq)=1ng* +2 224, \AXM*%

‘
i rae T - yucio HaOIoAeHHHM.
FBaiiecosckuii unghopmayuonnbolii kpumepuﬁ( 812 HMeeT HECKOJIBKO ApYron BHI:

BIC(p,q)=1n&" %

3necs 67 = wz,é]&'cgﬁmgemmwepe*ﬂ%e& ;77 é/wmr

F'=psd
CprK’l‘ypa 3THUX KpPlTepHeB cleayromas: IIOl"apPId)MBI OCTAaTOYHOM CYMMEI KBaJIpaTOB IIIIIOC
mTpad 3a yMEHbIIEHHE YKCIIA CTENeHEH cBOGOJIBI.
HyxHo Tak mono0paTh 3HaYeHHs [apaMeTpoB p H ¢, YTOOBI MOJYYUTh MHHHMAIBHOE

3HaYeHHE KaXXI0ro u3 kputepuen: min A/C (p,q), min BIC (p, q), B TO BpeMs Kak 10 KpUTepHIo R’
Pq Pq

2

2/ Cx £

a0 kg

MBI OTJABAJIH NIPEANIOYTEHHE MOJIENH C OOJIBIINM ero 3HaUYCHHEM.

3ameuanye: B oTianune OT KO3((QHUIMEHTa JETEPMUHAIUMHM HUYEro HeNb3s CKa3aTh HHU O
nuarna3oHe U3MEHEHHs, HH 0 3Hake kpurepueB Akavke u [llsapua.

Kputepuit Akanke 6a3upyeTcs Ha 0000EeHHH NPHHIUIIA MAKCHMAIBHOTO [PAB0NON00HS.
[IpuBe/IeHHOE BEIp@KEHHE MOJPa3yMeBaeT, 4TO CIydYaiiHOe BO3MYIIEHHE SBISETCS IayCCOBBIM.
[IIlubaTa mokasaj, 4To JJIs IIPOLIECCOB aBTOPErPECCHH Kw\TeH;:quIC TIEPEOLICHUBAET HOPSIOK
MOJICTIH, CAEACTERFOAHHO, OLICHKA [TOPA/IKa MOLENH Ha OCHOBAHAN 5TOTO KPHTCPIT TTECOCTOSTENbHA.

Kputepnii Illpapiia BIC ocHoBaH Ha GaifecoBCcKOM MOIXome 4 HMecT Goee
(dyHIameHTabHOE TeopeTHyeckoe obocHoBaHKe. IIokasaHO, 4TO OLEHKAa MOpsAAKAa MOJENH IO
9TOMY KPUTEPHIO SIBJIIETCS COCTOATENLHOM.

TeM He MeHee, Ha NpAKTHKE dYalle HCIONb3yeTcs HH(opManuoHHbI KpuTepuit AiC.
Cy1mecTByeT Macca paboT, B KOTOPBIX CPaBHMBAETCS IPUMEHEHHE ITHX KPUTEPHEB 110 OTHOLICHHIO
K pa3HBIM MOJIEJISIM, HO OKOHYATEJIBHOTO BBIBOJIA TI0KA HE caenano. Ha npakTuke pasnble KpHTEPUU
MOTYT [IPUBECTH K BBIOOPY pa3iuyHbIX Mojieled. ECTh HEKOTOPBIH HAKOIUIEHHBIH OIBIT IO IIOBOAY
TOro, K KakuM THIIaM MOJIeJIel PUBOMUT OJIUH KPUTEPHH W K KaKMM NPHBOAMT Apyroii. Eciu Bbl
nyOIMKyeTe Kakue-TO MCCIIE[0BAHUS, CUMTACTCS BIOJHE HOPMaibHBIM IIPOCTO yKas3aTb, Kakow
KPHTEPH#i BBl pUMeHseTe Ge3 CreuaIbHoro 060CHOBaHHUs BAlETO BBIOOPA.

12,
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2. IIposepka asmokoppenayuu oCmMamKos

B 3TOM BOmpoCe CYIIECTBYET pacXoiKACHHE MEXIY TeM, KaK CjeJ0Baio Obl MOCTyNaTh C
TEOPETHYECKOH TOYKHU 3PEHUS H TeM, UTO Je/IaeTCs MPAKTHYECKH.

B 1970 r. Bokc u Ilupc NpeiokuIn cramucmudecKull Kpumepuii 014 NpoGepKu
aGMOKOppenauu 6peMeHH020 PAOA, KOTOPBIil CEro/IHA PUHATO HA3bIBATH Q-CMAMuCHuKon.

Tect bokca-IIupca mnpoBepseT THIOTE3y O COBMECTHOM paBEHCTBE HYJIO BCEX
aBTOKOPpENISILMH  BPEMEHHOr0 psia A0 TOpsaKa m  BKIIOYMTENBHO, T.€.  [HIOTE3y

m
H,:p,=p,=..=p, =00pOTUB aIbTEPHATHBHOH rHIIOTE3bI H : Z pf >0.
i=1

Bokc u Ilupc mokasams, YTO NpH YBEJIMYEHHH JUIHHBI BEIOOPKH, T.e. mpH Gomnbumx 7,

m
cratuctuka  Q(m)= TZr,f (r, - BHIOOpOYHBIE ABTOKOPPEJALHMH) HMEET aCHMITOTHYECKOS

Qim)> Xk () - 4 W':ﬁ%f‘”@%

pacnipesiesienre x> ¢ m CTENEHIMH CBOOO/IBL.

DTOT TecT OBUIO MPEITIOKEHO NPUMEHATh U NPOBEPKH HAIMYHsl aBTOKOPPEJALHH
ocTatkoB Mojeau tuna ARMA(p,q). B sToM ciydae 4ucio cTerneHeH cBOOOIBI yMEHbIIACTCA Ha

(p+q), T.e. cratnctuka Q(m) MMeeT aCUMNTOTHYECKOE acrpeielleHne ° ¢ m—-p-g CTENeHsIMH
cBOGO/IBI, & €CIIM [IPU 3TOM &, SBISAETCS MPOLECCOM HOPMaIbHOTro Gesoro myma, To O(m) umeer

pacmpenienienue x> ¢ m—p-q CTeNeHsMH CBOGOIBL.

Pa6ora Boxca u [Tupca 6su1a omy6nukosana B 1970 r. B Tom ke roay JlapGun mokasai, 410
cratucTukaJlapOuHa-YOTCOHA HE NPHMEHHMA JUIL MPOBEPKH ABTOKOPPEIIAIMA OCTATKOB TP
HAIMYAH B KAdecTBE PErpeccopa OOBACHAEMOM HepeMeHHOH ¢ JaroM. OxHoBpeMeHHO JlapOuH
NPEUTOKIT TaK —Ha3bIBAEMYIO—h-CTaTHCTHKY W AlbTepHATHBHYIO mponeaypy [apbuna s
IPOBEPKM HAJIHYUS aBTOKOPPEJIALMH B TAKAX MOJEIISX.

[To3aHee OBLTO 3aMeYeHO, YTO B MOIEIIIX C JIATOBOH OOBSCHSAEMOM NEPEMEHHOM B Ka4ecTBE
perpeccopa cratuctuka Bokca-Ilupca He nmpuMeHHMa IO TeM )K€ NPHYHHAM, YTO M CTaTHCTHKA
JlapOuna-Yotcona. OfHaKo, NOCKOJNbKY B MOJENSX BPEMEHHBIX PSJIOB IIPOBEpKA HaTHYHA
aBTOKOpPE/IALMH KPUTHYECKH Ba)KHa, CTaTHCTHKa bokca-I1Iupca Hamuia mupokoe NIPHMEHEHHE U JI0
CHX IIOp BXOJIUT B COCTaB GOJIBIIHHCTBA CIELMATH3HPOBAHHBIX SKOHOMETPHYECKHX ITAKETOB.

Tak kak crarticTHka bokca-Tlupca mMmeeT Manylo MomHocTb, bokc u JIetonr B 1978 r.
NPE/UIOKITH MCIIOJIB30BATh JUIS TEX Ke LeNel yayuuenylo Q-Cmamucmuxy :

0=(T+ 2)T§ (T-i)y's.

[lo cpaBHEHMIO €O CTaTHCTHKOH Bokca-Tlupca pasnu<HBIM ClaraeMbIM IPHIAHBI pasHbIe
Beca. ABTOpbI [I0KA3aTH, UTO 9Ta CTATHCTHKA HMEET TO XK€ aCHMITOTHYECKOE PacTpe/ieNenne £, ,

HO JIydIlle UM arpOKCHMHPYETCs NIPH KOHEYHOM YHCIIe HaOIOACHHIL.

CratucTuka bBokca-JIpIoHra TEOpeTHYECKM HE INpPUMEHHMA Uil  TeCTHPOBAHHs
aBTOKOPpENALMHA 0cTaTKoB B Mozesx ARMA 1o Tem mem u cratuctiku lapOuna-
Vorcona u bBokca-Ilupca. Tem He MeHee, CTaTHCTHKa bokca- JIbroHra BXOauT BO Bce
CTeNMaTH3HPOBAHHBIE [1aKEThl, MHOXECTBO HCCIE/I0BaTeNed €I0 IONB3YIOTCSA, XOTSA OHA
TEOPETHYECKH HE COCTOSATEIbHA.

O-cratnctuky bBokca-Ilupca u  ymyumennyio Q-cratuctuky bBokca-Jlbionra wacto
Ha3bIBAIOT MOPTMAHTO-CTATUCTUKOM (portmanteau-statistics).

Ipumep. [Ipu momomu 100 HOPMAIBHBIX CIIYYAHHBIX YHCEI {a,} 6pu10 moctpoeno 100

3HAYCHHUH {y, }:

IA/RMA'UI{) : y=-07y,_, +¢ -0,7¢,,,

Yo ¥ &, OBUIM NPUHATHI PABHBIMH HYJIIO.

HpOHCXO)KIICHPIe JIQaHHBIX CYHTACTCSd HEH3BECTHBIM M CpPaBHHUBAIOTCA CJIEAYIOIHE TpH
MOJICJIN:
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Mogems 1: y =a,y,, +&,; .

U] WW@ . Zé o

Monens 2: y=a,y,, +& + B&.4;
TN SN o
Ah 'MOIleJIB 3t VEQY T Y, TE, . /é/m&/ kw()((a

H‘u Pe3ynbTaThl pacyeToB TaKOBBI: /% %/[ . “’/’(""(

_ Mogens 11 o, =-0,835; 0(8)=26,19 (0,000) AIC— A alsoe
9 (@/z LR 0(24)=41,10 (0,001) BIC—509,9; %K&/ 2 1C 7

/2 7 / =4 ) Mozenb2:  a, =-0,679; O(8)=3,86/(0,695) @ A4IC=4814, AR T po ASC «
B, =-0,676 Q(24)=14,23 (0,892) BIC=486,6;
Monens 3: o, =-116; O(8)=11,44(0,057)" AIC=492.5,
a, =-0378 ((24)=22,59 (0,424) BIC=497,].

Mogens 1 pmomksa ObiTh oTOpomeHa mo 3HauenusM cratuctnk Q(8) i O24). M
[IpeanoyTeHne AOKHO OBITh OTAAHO MOIETH 2 Tepell MOJEbI0 3 MO 3HAYCHHAM 060HX 16
MHPOPMAIMOHHBIX KPUTEPHEB, a TAK)Ke MOTOMY, YTO B MOJENH 3 3HAYeHHE CTATHCTHKH 0(8)

= yKa3bIBaeT Ha HATMYUE ONpeeeHHON KOPPESIMU MEXLY OCTaTKaMH.

( >P) JIns TpoBepKM HalMuus aBTOKOppeXsimu B Mozmensx ARMA siydure BOCIOJB30BATHCS
Goslee MOIIHBIM M YHHBEPCATBHBIM CIOCOOOM, a HMEHHO Memodom mHoxcumeneil Jlazpanoica

(Lagrange multiplier - LM), npiMEHHTEIbHO K IPOBEPKE ABTOKOPPEIUMM OCTATKOB €ro emie

Ha3bIBaloT TecTom Bpoiima-Tondpu (Breusch-Godfrey).

Oxn BXOJUT B «TpHagy» KJIAQCCHUYECKUX ACHMIITOTHYECKUX TECTOB: OTHOLICHHA
npasronoso6uis, Banbna, Muoxuteneii Jlarpaska, W NPUMEHHM U8 IMPOKOTO Kiacca 3aiad
TIPOBEPKH OrPAHHYEHHU Ha KOIDQHIMEHTE! MOMIEITH.

I1ycTh paccMaTpUBAETCs MOJIENb MHOXKECTBEHHOM PErpeccHy

Y, = Bo+ Bix, +t Bix + &,

TOE X, Xp = pa3HI>Ie perpeccopel, B TOM 4YHUCJIE, BO3MOXHO, H JIAarOBBIC 3HAYCHHUS KakK

795

2\

00BACHSIOIUX, TAK U 00BACHIEMOU NNEPEMEHHBIX.
HpOBCpPIM NPEANOJIOKECHHUE, YTO &, ITOMINHACTCS aB'roperpeccuox-loﬁ CXEME IOpsLiind p, 1.€.

3a1a€TCA YPABHEHHEM &, = 1€,y + Vy€,p + ot €y + Uy, THE U, - Oeblit myMm.
B TepmuHax K03()(UIMEHTOB MOJIENH OCHOBHAS M AbTCPHATUBHAS IUIIOTE3bI IPUHUMAIOT

P
wun: Hy 7, =y, =..=y,=0, H: ny 5100
J METGj{ iouTeei Tatp
Metoiom MHK cTpourcs OGBI‘IHaH perpeccml 655
2 —
00603HAYMUM €€ OCTATKH Yepe3 e, . o B2 s

1. Ctpoures perpeccus 6o Toif jke 00bACHAEMOM EPeMEHHO v, , Nk00 ocTaTKoBs-€; Ha
cTapble Perpeccopsl U OCTATKH C JIATOM JI0 p BKIFOYHTEIBHO (TO €CTh B KaYECTBE JOTIOIHHTENBHBIX
00BACHSIOMHX nepemenﬂbrx ncnom,zyeM €8 2y €, p) 2

2. TIpoBepsiercs rpmoreza 0 TOM, 4TO rpynna nononﬂmenbﬂbrx OOBSICHSIOIINX e[ ~™1eITHBIX
gpigercs u3immHed. Ecau B kadecTBe OOBSCHAEMOM NEPEMEHHOH HCIONb3YIOTCS OCTATKH, TO
cratucTaka TR® HMeEeT acCHMITOTHYECKOE (IIPH YBETMUYCHUH YHCIIa HAOJIONCHHUI) pacnpe/ie/ieHH.
2> ¢ p crenensmu coboarl (7' - umcno Ha6moneﬂnu R* - Koatb(bnunem MHOKECTBEHHOI1
JeTepMHUHALAN PErpecCUy, MOCTPOCHHOH B IyHKTE 1). M/ 7 R'Z'MZ; 7(/ 0 fo L Lab,

JIng mpoBepKH THMOTE3bl O PABEHCTBE HYIIO IPYIIIBI NePeMEHHbIX 0651tmo MBI [IPHBBIKJIH
UCIOb30BATh  F-CTATHCTHKY, TNpPOBEPSIOIYIO, (aKTHYECKH, CTAaTHCTHUECKYIO 3HATHMOCTh
YyMEHBIIEUTISl OCTAaTOYHOW CYMMbI KBAaIpaTOB OT BKIIOYEHHS JIOMOJHHTEIBHLIX MEPEMEHHBIX.
Pa3yM ercd, F-CTaTHCTHKa TpHMEHMMa ¥ B 3ToM ciydae. Ho, oHa NpUMEHIHMa TOJBKO INPH

m W o by ¢n N /, o M. /zg/zm/éa’///éﬂ a Crncerity
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HOpPMAJIBHOM pacnpenci€HuH cnylxaﬁﬂoro YieHa ¢&,. HpHMeHCHPIC e TecTa MHOXHUTEICH

Jlarpanska He TpeOyeT HOPMATBLHOCTH pacipeIeeHHs, Ho «paboTaeT» TOIBKO aCHMITOTHICCKH.

CoBpeMeHHbIE JKOHOMETPHYECKHE TIaKeThl, B 4acTHOCTH Eviews, co00OmaroT mojib30BaTeso
Npu TpUMeHeHMHM LM-TecTa 3HAYeHMs M KPHTHYECKHe BeposiTHOCTH (p-values) s obeunx
cratucTik (F u TR?), TaKk 9TO MOXHO BBIOMpAaTh: MCIOJB30BATh JIH F-OTHOLICHHE, BEPHOE LA
KOHEYHBIX BHIGOPOK, HO B TIPEINOJIOKEHHH HOPMAIBHOCTH, THOO He TpeOoBaTh HOPMAJBHOCTH H
MCIIOJTb30BaTh CTATHCTHKY TR’ , BEPHYIO JIMIIb ACHMITOTHYECKH. .

JUtst IpOBEPKH HOPMAILHOCTH CYIIECTBYET MHOMKECTBO TECTOB. PaccMoTpuM mecm Xapke-
Eepa (Jarque-Bera).

DTOT TecT BBIYHMC/IAET BHIOOPOYHBIE 3HAYEHHS JUII KOID(HUUHEHTOB aCHMMETPHH
1

1

L5N3 —\4 LN
S = o > (e, ~%) m oxcuecca Kd= gt > (e, %), rae X - BriGopounoe cpennee, a O —
BBIGOPOYHOE CPeTHEKBAIPATHIHOE OCTATKOB MOJIEIH.
Ipu YCIIOBHH HOPMAJTBHOCTH OCTaTKOB, CTaTHCTHKA Xapke-bepa
T = p g1 1
(—‘061—) S? + Z(K —3)° | umeer x* pacnpesieNeHue C ABYMS CTENEHSIMH CBOOOIBL.
e — -

_\/ = JNekuusn 8
/"'/ g

IV Ir1an "IlIporuozupoBanue ¢ nomombio mogeneii ARMA'

IIporHo3upoBanue OyXymIMX 3HAYCHHH JKOHOMMYECKOW BEJMYMHBI SBISETCS OJHHM M3
OCHOBHBIX CIIOCOOOB IIPUMEHEHHSI MOZeNeil BpeMEHHBIX psANoB. Vcmonb3oBaHHWe MOAesed THma
ARMA o61a1aeT HEKOTOPBIMH OCOOCHHOCTSMH II0 CPAaBHEHHIO ¢ NMPOTHO3UPOBAHHMEM IO MOJEIIH
MHOYKECTBEHHOH PErPECCHH.

[Ipy TNpOTHO3MPOBAHMK II0 IIPABHIBHO CHENM(UPOBAHHOH MOJENH CYIIECTBYIOT 2
HCTOYHMKA ONIMOOK IIPOTrHO3a!

e  HeompeeNeHHOCTh OyMyIHX 3HA9eHHH CITyJalHOM BETMIHMHEI £ ;

*  OTCYTCTBHE TOYHBIX 3HAYECHHH KOIDOHUUMEHTOB MONCTH &, 05y, Py o By

(Y HaC ecTb TOJNBKO MX OUEHKH &, &,,...,&, s PBys Byse-s B, » OLICHEHHBIE IO MMEIOWIEHCS BBIGOPKE).

ﬂpn [IPOTrHO3HPOBAHNH 1O _MOJICITH MHOKECTBECHHON pEerpecCcHU Mbl OlLEHMBAEeM 3HAUYEHHE
3aBHCHUMOH lleCMCHHOﬁ Y, IpH 3&/IaHHBIX 3HAYUCHHIX HE3AaBHCHMBIX NEPEMEHHBIX — PErPeCcopoB

X1y X,p50ers Xy - ITO MIPHBOJMT K TOMY, UTO XapaKTEPHCTHKH NMPOTHO3a, KAK CIyYaiiHON BeiMUNIIBL,

JBASTIOTCS. TO CYTH, YCJIOBHLIMH XapaKTCPHCTHKAMH IIPH  YCJIOBHH HMEIOLICHCs  BbIOOPKH
HE3ABUCHMBIX [1EPEMEHHBIX.
Muag curyauns B Mozessix tuna ARIMA. 37ech 3uauenne nepeMentoli X, Iporno3upyercs

15 HEKOTOpOro OyJlylulero MOMEHTa BPEMEHH f+7, NIPH JTOM JIArOBbIC 3HAYEHUS JTOil
[EPEMEHHOM X, X,_, X, 5500y X,_,~ CIHY)KALIUE PErPECCOPAMH MOIEIH., MOKHO PACCMATPHBATH

(],)H]\‘CHPOB&I!Hhll\ll'l Ha BI>160p()llIlle SHAUCHHUAX, HIIH cnyqaﬁnbmm. HepBaﬂ BO3MOX>XHOCTbH, KOrjaa

\X,> XX, 25> X,, (DUKCHDOBAHHBI, IPUBOJUT K YCIOGHOMY MPO2HO3Y, KaK ¥ JUIs MOZENH

\

MHOECTBEHHO! PErpecCHi, a BTOpast, KOTJA X,,X, ,X, 55, X, , CIYYaiHbIE, - K 0e3ycnoeHomy

npozrozy. Takum oOpasom, @pH IporHosupoBanud mo wmoxend tuma ARIMA  MoxHO
paccMaTpuBaTh KaK YCIOBHbIA, Tak M 0Oe3yclOBHBIN NMPOTHO3BI. M3 Kypca T€OpHHM BEPOATHOCTEH
M3BECTHO, YTO YCJIOBHas MMCIIEPCHS CIy4ailHOH BEIMYMHBI HE NpEBHINAET ee 6e3ycloBHYIO
JHCTIEPCHIO, [I0ITOMY TOYHOCTb YCJIOBHOIO MPOrHO3a BCET/Ia BBIIIE,,

TP Yes. Guen. < b tpgp. §ehen
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Tect Xapke — bepa

Matepuan u3 Bukurieann — cBoOOHOH IHUMKIONEAHH

Tect Xapke—Bépa (anrn. Jarque-Bera test) — 3T0 CTaTHCTHYECKHUIT TECT, MPOBEPAIOLILHIT otnbku HabIOIEHHIT HA HOPMAJILHOCTH
MOCPE/ICTBOM CBEPKH MX TPEThEr0 MOMEHTA (aCHMMETpHSI) i YeTBEPTOr0 MOMEHTa (IKCLLECC) C MOMEHTaMH HOPMaIbHOTO pacripesiefeHus, y

kotoporo S = 0, K = 3.

B tecte Xapke —Bepa nposepsiercs iyesas runotesa Ho: S = 0, K = 3 npotus runotesst Hy: S # 0, K # 3, e S — kooppuument
acummetpun (Skewness), K — koddppuunent sxcuecca (Kurtosis)

DopMy. IHpPOBKa

TecT BBITAANT Clie/IyIONM 00pa3oM:

s (K-3) Syest ihitls et e

JBEn|—+ s od AT §= =", K = ", e, — 0CTATK: MOJEIH, N — KOTHHECTBO HaGMOACHNH, Ty, = G ML —
nomL noypL

0603HaueHNe MeToa MaKCMMaTbHOTO npasaonono6us (Maximal Likelihood). [laknas cTaTHCTHKa MMeeT pacnpese/ienie Xu-KBaipar ¢ AByMi

cTeneHsIMH cBOOOIbI (x%), nockobKy kKoddduimenTsl S u K acHMITOTHYECCKH HOPMaJIbHbI, CIE10BATENbHO, HX KBA/IPaThl [IPH HOPMHPOBKE

MATyT JBe Cllyuaiitble BeHYMHBI, pacTpefeéHnble kak x2. Uem Giinke pacnipesesienue OWHGOK K HOPMAIBHOMY, TEM MeEHbIIE CTATHCTHKA

Xapke—Bepa omuuaercs ot Hyas. [Tpy 10CTaTOUHO GOBIIOM 3HAUEHHH CTATHCTHKH p-value Gyner Mano, u Toraa OyaeT 0CHOBaHHE

OTBEPTHYTh HYJIEBYIO FHIIOTE3Y (CTATHCTHKA MOMAIa B «XBOCT» PACMPENETCHH).

CBoiicTBa Tecra

Tect Xapke—bepa ABNSIETCA acumnmonuueckum TECTOM, TO CCTh IPUMEHUM K G0JbIIMM BbiOopkaM. Eciin olnGKku pacnpeeneHb!
HOPMATBLHO, TO B COOTBETCTBHH ¢ TeopeMoii [aycca—MapkoBa OLEHKH METO/Ia HAMMEHBIINX KBaPaToOB Oy My T JyULIMMH (MMETh
HaUMEHBLIYIO JIMCHIEPCHIO B KJIACCE JIMHEHHbIX HECMEIEHHBIX OLEHOK), M KO (HULMEHTBI perpecchH 6y Iy T TakKe pacrpeneseHbl
ACHMIITOTHYECKH HOPMAJILHO.

Jlutepatypa

« Damodar N. Gujarati. Basic Econometrics. — 4. — The McGraw-Hill Companies, 2004. — C. 1002. — ISBN 978-0071123433.

Ucrounnk — «https://ru.wikipedia.org/w/index.php?title=Tect_Xapke_— Bepa&oldid=79196952»

= [locneatee n3mMeHeHue 21oii crpanuiibl: 04:39, 26 uions 2016.
= TekcT gocTynen no Juiensun Creative Commons Attribution-ShareAlike; B oTaenbHbIX ciiyuasX MOTyT AeiiCTBOBATH AONOIHUTEbHbIE

yCJIOBHS.
Wikipedia® — 3aperucTpupoBaHHblii TOBapHbIii 3HaK HeKomMMepueckoii oprannsaunn Wikimedia Foundation, Inc.
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ITpu nporro3uposauuu mo mozen ARIMA ot nmerommeiics BBIOOPKH 3aBUCAT KaK OLEHKH N
koopduumuenTos  momemu  &,,d,,....&,, PPy B, TaK M 3HAUCHHS  PErpeccopoB

X3 X5 X g0 X II03TOMY CJIOXKHO AHAJIMTUYECKU BBIPA3HTh YCJIOBHYIO IHCIIEPCHIO (01115 ()41

t-p >
IPOrHO3a uepe3 MMEIONMECs 3HaueHHsi BpeMeHHOro psjga. OOLIENPHHATO OrpaHHYUBATHECSA HE
OYeHb PEATHCTHYHBIM IPE/NONOKEHHEM O TOM, 4TO_KOI(p(UIMEHTE MOJIEIH H3BECTHRL TOYHO.
PaszymeeTcs, 5TO TpPEANOI0OKEHHE YMEHBIIAET JUCTIEPCHIO OMMOKH MPOrHO3a, YeM YBEIHIHBACT
KaXXYIIYIOCS TOYHOCTD KaK YCJIOBHOTO, TaK U 6€3yCII0OBHOTO IIPOTHO30B.

[TokazaHo, 4TO €cjaM MBI XOTHM JOCTHYh MHUHHMYMa cpenHeKBanpamqecxon omubku

(MSE), T.e. He TpeboBaTh ;qec;memeﬂnocm TO HajO B3ATh YCJIOBHOE MaTEMAaTHYECKOH O0XKHIaHHE:
X3 x,} Takoe yénom{oe MaTeMaTHYecKoe OXXuaaHue Oy[IeT rapaHTHpOBaTh IOJyYCHHE

MSE, wmm unorza ee o6o3navaror MMSE (minimum mean square error).
Paccmotpum modens MA(q): x, =0 +¢&,+ g, +...+ P&,

E{xT+f

ITonaraem, yto:
1) k03¢ ULHEHTHI MOJECIH TOYHO maecmm

2) uMeloTCs 3Ha4YeHHs X, JUId [ € [1' I ] ek 4 9.':':'?2 1tgg e B‘\?""v& ©

Ou4eBHIHO, UTO OE3yCIOBHBIM TOYECYHBIM npomosom U1 TI0OOTO MOMEHTa BpeMeHH OyneT
MaTeMaTHYeCKoe OXKMaHHe TIpolecca, T.e. € . YCIOBHBIM MPOTHO30M UL MOMeHTa BpeMeHH 7+1
dhbodiei i,

6yﬂeT YCJIOBHO€ MaTE€MAaTH4YECKOE OXKHAAHHE:! é ?
xl,n_,xT}, t<7fl 'LE'{Q Vy‘fll %/ % ¢9 E /

A —
Xry = E{B +&ry + Bier +ok BErl
Cpeﬂﬂ CJIleai/'IHbD( BEJIMYHH ¢ , KOTOPBIE CTOST B JIEBOH YacTH, €CTh TakKue, KOTOpBIe

Ely, eaee Wy Sgabic,

CBS3aHBI C MMEIOIIMMHCS HaOmoAeHUsIMH. Benp HaOMoNeHHE CKIIANBIBACTCS M3 «MOJACIBHOI0» &
3HaYeHHs M OLIMOKM, [OITOMY YCJIOBHBIE MAaT€MaTHUECKHE OXXHAAHHSI BCEX CJAraeMbIX, KpoMe j/?
€r.» HE DaBHBl HYIIO: E{é:,+I xl,...,xT}=0, {£,|x,,...,x,}¢0,..., E{s,_q,,1 X ey Xp (% O

PaccMoTpuM, HampHMep, E{grlxl,...,x,}. OTO MareMaTHYecKoe OXHIAHHE - OCTaTOK MEXIy

E/2) -
\

HaOJIIONEHUEM ¥ MPOTHO30M IO MOJEIH, T.€. E{grlxl,... x,}= er =Xp —’?‘ * [TooTOMy ycnOBHBIE
MaTeMaTH4yecKue OXMIaHMs OT BCEX MPeABIAYINNX 3HAYEHHH CIy4aliHOH COCTaBJIIOINEH HAl0
3aMEHUTH COOTBETCTBYIOIIMMHE ocTaTKaMH ClieIoBaTeIbHO, YCIOBHEIE MaTEMaTHYECKH ,‘Qoxcn,uaﬂux 7
JUTS TIPOIIUIBIX 3HAUEHHH — OCTAaTKH, zmx OyayIux 3HaYCHUH - HYJIH.

ToYHO TaK e KOHCTPYUPYETCS npomo3 He Ha 1, a Ha 2 ¥ BooOIe Ha 7 IaroB Biepen. Bee
OCTIEYIONIME £ 3aMEHSIOTCS HYJMH, a NMPEIBITYIIHE - 3aMEHSIOTCA pealbHO HabIoJaeMbIMU
ocratkamu. Takum o6pa3oM, [uist Mojieu MA(q) IpOrHO3 3aBUCHT OT TOr0, Kakue OmMOKH ObUTH Ha
npeaplaynux maraX. Hagunas c imara (q+1) ycnoBHBIM TPOTHO3 IIpeACTaBIsAEeT cOOO0M IpOCTO

MaTeMaTH4eckoe OXuaaHue O, T.e. YCIOBHBIH IIPOrHO3 COBIAMNAET C 6e3ycnonm,1M'§ Vr > q +1 ‘
.

G - wau el o4 ¢
PaccMOTPHM yCITOBHYIO /ICTIEPCHIO OMIMOKN IPOrHO3a Ha 1 mar: (Oex (M O‘,{\% 7, wj \”) <

Var{x A Ix yeors Xp f = T L
{T 1 T+1|71 I %’%z*- QL
=E 0+(ET+J ﬁlng) +ﬂ gT—qH 0 ﬁ/T 3 '_ﬂ eT~q+l ‘xl’ 7‘)2

xl’ xT} (l+ﬂl bl;’

L A
U AHJIOTHIHO JWCIIEPCHS NPOrHO3a Ha 2 mara pasHa Varyx,,, —X;,,
N = S PR R o e
W JHCTIepcHsl TIPOTHO3a” HAa 7 IIAroB COCTABUT ( 1+ ;\fﬁr)a mpu 7<q. Ilpu 7>¢q
h JMCNIEpCHst OUIMOKM YCJIOBHOTO IIPOTHO3a CTAHOBHTCS PaBHOHM JuCHEpCHH OMMOKH 6e3yCIOBHOIO
TIPOTHO3a, T. €. IPOCTO UCIIEPCHH CIIy4YaiHOro mpoiecea X, .

Teneps paccmoTpuM Modens cmayuonaprozo npoyecca AR(p):

X, =0 +ax,  +.ta)x Hts.

Jlns iporHosa Ha 1 mar Boepe/ MOXKHO 3aIHCaTh:

‘/M/{U‘L Gl ‘“f @’{(G%m (f E” %JTWMB% ew #1er1% j
Zr E <@ g‘ﬂlk* @91€T"1 A {b1€TH {’14 IT) }
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Bra = L }=Ep f=
Xra = EXr g% Xr = E@ @ xp + o+ @ X1y + Epy[Xyeens X7 =
=0+ax;'+...+a,x;_,,-
Jlns mporHo3a Ha 2 miara Brepejt mojrydaeM:

AN
E{xn2 x,,...,x,}= E{H + o fer )t H QX FEr, x,,...,xr}.

MaTtemaTHyeckoe OXWIAHHC OT CIOyuaifHo#  ommbku ¢ onate gacT 0, ycioBHbIE
MaTeMaTH4eCKHe OXHIAHHS OT X,,...,X; PaBHBI CAMHM OTHM 3HAUEHHSM, HO B OTO BBIDOKCHHE
BXOJUT YCJIOBHOE MaTeMAaTHYeCKOe OXXHUAAHHE OT X, , MOIYYEHHOE Ha MNPEAbIAyLIEM MIare.
MOXHO TOJACTABHTH €ro BBHIPAKEHHE M IONYYHTh Pa3BEPHYTYIO (OpMyTy HeEpe3 3HAYCHHA
peanm3alMi, HO yj0OHee pacCcMaTpuUBaTh PEKYPPEHTHOE COOTHOLICHHE,  CBS3BIBAIOMICE
T0C/IeJOBATENIbHbIE 3HAYEHHs INPOrHO3a. DTO COOTHOIIEHHE SBJISIETCS. JTHHEHHBIM Pa3HOCTHBIM
ypaBHEHHEM TMOpSAAKA p, M €ro pelleHHe CTPEMUTCS IIpH YBEIHYCHHH 2~ x BenuuHMHE

(%
Ba Za) rat—al

VCII0OBHYIO JUCTIEPCHIO OLIMOKH MPOrHO3a MOXHO pacCYHTATh aHAJIOTHYHO CIIy4aro MOJCIH
CKOJIB3SIIEr0 CPEIHEro, HO BBIKIAIKH CTAHOBATCS BeCbMa TPOMO3IKHMH, A&KE LI MoAenei
MaJjioro nopsaka.

PaccmoTpuM, Hanpumep, MoJielb AR(2) 6e3 cBoGonnoro wiena. Torza @m =X + 00X, i

*

, T.€. OIIATH K 663}’CJIOBHOMy IIPOrHO3y.

a Xy, =X, +QX;, + &7, . OUEBHIHO, YTO AMCIEPCHs OMMOKK MPOrHo3a Ha 1 miar paBHa o
JInst mporHo3a Ha 2 mara COOTBETCTBEHHO MOJTydaeM:

Xri2 = QXry + QX = (@, + 7% S %

Xy =04 Xp, QX T &80,y = O (ale + X+ 8T+1)+ Ay Xp + &ryp -

Jlicriepenst OIMOKH IPOrHO3a Ha 2 mmara pasHa: (1 +a; )o-f ;

Jlnst mporso3a Ha 3 1ara oy Yum:

Xry =X, + X0, = (a] (aIxT h asz—l)+ asz)+ a, (a]xT o+ a2x7‘—1)’

Xpay = O Xp T Xy + 87,3 =

=a (al (ale X, ey ) + X+ 81;2)'*' a, (ale T X, T 8T+l)+ €143 .

2 2 2 4 2
Jlucriepcus OLIMOKH IIPOTHO3a Ha 3 IIara paBHa (1 +a, +a, +20,a, +a; )ac ?

OueBH/IHO, YTO AUCIEPCHs OMIMOKM yBENHMYMBAETCS OT IIara K Imary. 3HaduTelIbHO Oonee
TPOCTBIE BBIP@KEHMsS Ul TUCMEPCHH OIMOKHM NPOTHO3a IONYYaloTCs, eClu mepeiiti ot AR(p)
peJICTaBIeHHs MOJIENH K 9KBHBAJICHTHOMY MA NpENCTaBIICHHIO

X, =0+&+Y, 6+ AW,  Fe, XOTL H C OECKOHEYHBIM uHCIOM craraeMbX. Torxa

-1
JHCTIepcHs ouMOKY IPOrHO3a Ha 7 IMAroB BhIpaXaeTcst popmyIioi awaf (wo =1) (*.
=0

Jina obueit mooenu ARMA(p,q) HyXXHO NPOCTO OOBEAUHHUTH IIOJIYYEHHBIE PE3YJIBTATHI.
Ecny MBI XOTHM IOJIYYHTh nporHoE ¢ MUHMUMQIBHON CpeTHEKBAIpaTHIECKON OMMOKOiA, TO:

1) paccuuThiBaeM MPOTHO3HBIE 3HAYECHUS X, IO HALICH MOJENH, MOACTABIAL TyAa U
BpemenH [1,7] — HaGOACHHBIC 3HAYEHHUS X,,..., X; W PACCUUTAHHBIE 3HAYCHHUS OCTATKOB €,...,€r, &
IS BCeX MOCIEAYIOMHX MOMEHTOB BpeMeHH 7 =T +1,T+2,. - 3aMeHseM OCTaTKH HYJISIMH
(e, =0,67,,=0,..), @ I 3HAYCHAN Xr,, X5, MONCTABNIAEM HMX INPOTHO3HBIC 3HAYCHHS
Xrg1s XT4200005

2) Jlnst momydyeHus OMCIIEpCHMH OWMOKM TnporHo3a mepexomuM or ARMA k MA
TpeCTaBIeHHIO U NoNb3yeMcst popmyitoit (*).

B xauectse npumepa paccmoTpuM Mozenb ARMA(L 1) x, = ax,_, + €, + e, .

@) Var& Yt = T | %4, /Ir} : VQV{Q' Xt + 0o - @G &g E 1 — Qg K- Ay Lo (xl,...,’lrj z 5@2

T, T 1 ORISR BT E ) N PO

p




