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YOK 62-350

CUCTEMHbIV Noaxoa K NOCTPOEHWIO PEFTPECCUOHHOW
MOAENN NO BPEMEHHbIM PAOAM

Bugtok MN.W., baknaH N.B., Pucda B.H.

M3RecTHB METOAMKH TOCTPOSHMSI MOJENeH THIA aBTOPErpeccHH cO CKOMB3sInM cpenanm (APCC),
APCC ¢ suporennsivMi nepemernbiMi (APCCD) win APCC ¢ MHTETpHPOBAHHBIM CKONBISIIUM  CPEJ HIM
(APHUCC) [1, 2, 3]. OnHako B NpeJcTARIE HHEIX METOAMKAX HEUETKO MPEJCTARIEHO MOHATHE CTPYKTYPHI MOJIEIH,
a TakkKe HEJOCTATOYHO BHMMAHMI Y/ENSeTCS ONpelefNeHro HelnwuHeliHocTed mopenn. [IpeamaraeMerii Himke
CHCTEMHEIH TIOMXON MOXKeT OBITH HCIIONB30BAH IIPH TOCTPOSHHH NHHEHHBIX Momenel, a Takke Momenei ¢
HeTMHEHOCTSIMH  OTHOCHTENBHO TIepeMEHHHIX  (TICeBJONMHEHHbe MOJend). XOTHd MOJeNH, HelTWHeHHbe
OTHOCHTENLHO TTAPaMETPOB, 3/IeCh He PACCMATPHBATIOTCS, OTACTBHEE SIEMEHTH TIPEAIaracMoil MeTOAHKH MOTYT
OBITE IPMMEHEHE! TAKIKE TIPH TTOCTPOSHIH MOJIENIEH M TAKOTO Kiacca.

B cooTeeTeTBMM ¢ TIpeAnaraeMeIM TIOIXOOM TTOCTPOESHHE MOJIETH TI0 YACOBEIM PAIAM COCTOMT W3 TISITH
CIEYIONTHX ATATIOR;

- Brmonnwrs amanms mporiecca (TIPOTIECCOBR), IS KOTOPOTO CTPOWTSA MOfelh HA OCHOBAHWH
WIMEpPEHHH BXOAHBIX W BEIXOAHBIX TIEPEMEHHEIX, TPEJICTABICHHEIX COOTBETCTBYIONTHMHA
BPEeMEHHEIMH PAAaMH

-  DBHnonHWTE aHANTH3 MMEIONIHXCS BPEMEHHEBIX PALOR Ha BO3MOXKHOE NPHCYTCTBHE HelHHEHHoCTeH ¢
TIOMOITEIO PsAAa KPHTEPHEE.

- Bubpats cTpykTypH Momeneii-KaHAMAATOB, AN Hero HeoOXOAMMO BHIIONHHUTEL CHEIYIOIICE:
BHUHCIHTE ¥ BEIONHHIE GHATH3 KOPPEIALHOHHON MaTpHITH A1 BPeMEHHEIX PANOB 2aBHCHMON 1
He3aBHCHMEIX NIePeMEHHEIX C LIENBIO OIpeeNeHHIA SK30TeHHEIX TIe PEMEHHEX, KOTOPEIE He0OXOI MO
BKIIOYHTh B MOJENh, BBUHCITHTE ABTOKOPPEIAHOHHYIO W YacTHYIO aBTOKOPPENAIIHOHHYIO
(bYHKIHIO [ 38BWCHMOIN TIepeMeHHOH ¢ TIebio BRIGOpa TOPAKA ABTOPETPRCCHOHHOH YacTH
MOZETH.

- BrufpaTts MeTox (METOIH) AT OLEHMBAHNA K03(hGbHIMEHTOR (TTapaMeTpoR) MoAenel-kaHIHaaToB |1
OILIGHHTE X MapaMeTPEL

- Bribpate nyumyro (a[eKBaTHYIO) MOfelh W3 TIONYUeHHOTO Ha UYeTRBEPTOM ATale MHOKEeCTBA
KaHIWIATOB, HCTIONB3Y S [I7T31 ATOH TeH Habop CTATHCTHYECKHX TTAPaMETPOR.

CTDVKT!"EI MOJECJIH. HpC}KI[C M HGpGﬁTI/I K pACCMOTPCHHKY KOHKPETHBIX 3TATIOR TMMOCTPOCHIA MOJCITH,

pPaccMOTPHM TIOHATHE CTPYKTYPHI MATEMATHISCKOH MOJENH, KOTOpoe OY/IeT MCTIONB3OBATECS B JambHEHITIEM.
TTowsTHe CTPYKTYPH MOJETH BKTIOUAET B ceOs CIEAYIONEE;

L. lopadoxr modenu, To ecTh TIOPSAOK AupepeHIMaTBHOTO, PA3HOCTHOTC WIH HHOTO YPaBHEHNS,
WCTIONE3YEMOTO [N OTTHMCAHMS JWHAMHWKH TIpoTiecca MMM obhekTa. Hampumep, cToxXacTWdeckoe pPasHOCTHOE

apToperpeccronHoe (AP) ypaBHeHHe BTOPOTO MOPSIKa HMEeT B
yvik)y=a, +ay(k-1)+a,v(k —2)+ek).
TO €CTh, HOpﬂ,I[OK STOTO paSHOCTHOl"O ypaBHeHI’IH OlTpeZ[eJ'IHCTCﬂ YHUCIOM ?,az[ep}KaHHbe BO BpeMeHI’I BHBHCHI/II"JI

HepeMeHHOf/JL HCTIONB3YEMBIX B npaBoﬁ TacTH YPaBHE HIA. CTOXaCTHYECKMM OHO HA3BBASTCH ToTOMY, 9TO B
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TIPaBOH acTH MTPHUCYTCTRYET CIydaifHas TepeMeHHas S(k ) , Ha3HAYEHHE KOTOpoH paccMoTpuM HIxe. Creayer

OTMCTHUTE, YTO BBCACHHC cnyqaﬁHoﬁ COCTEBJIFJIOH_[CI‘/JI 00s3aTeILHO TpBGyGT OIMHCaAHKUA €€ OCHOBHBIX
(Hpﬁ,[[HOHaI’ﬂGMBIX HIIM HM3BCCTHBIX TOT-IHO) CTATHCTHHYCC KX XAPAKTCPHCTHEK, TaKHX KAK MATEMATHYSCKOS
OMMIaHKE, TUCTIEPCHE, aBTOKOPPCITHITHOHHAA prHKLU/I_H H KOPPEeJIHpPORAHHOCTE C BH,[[OI'GHHOf/JI HGpBMGHHOﬁ.

2. Pasmepnocmu _modean. OHa OIpeJeIHAeTCH  YHCITOM ypElBHGHI/H‘/JI, HCTIONB3YEMBIX JJIA  OITMCAHWA

obnexra WM Tporiecca. [lpolece, KOTOPEI OTMCHBAIOT OFHAM ypPaBHEHHEM, HA3BIBAKOT OJHOMEPHBIM HITH
craapHEM. [Ipoliece, KOTOPEHI OMICEHBAIOT IBYMA H GoNee ypaPHeHIAMI, HA3HIBAIOT MHOTOMEPHEIM. Y ZOGHEIM
SBASTCA MpeICcTaRIeHHe B TIPOCTPaHCTBe cocTogHmil IIpH 5TOM pasMepHOCTE MOZENH COOTBeTCTBYET
Pa3MepHOCTH BeKTOPE COCTOAHIA [Ipoliecca (obbeKTa).

3. Hanuuue nenunetinocmen i UxX Xapaxmep. Onpez[eﬂprrb HAIIHe HelMHeHHocTelH - He Beerya TIpocTasd

sgava. Tak, JUid MeXaHMYecKHX W HeKOTOPHIX JIPYTHR CHCTEM HAMJHe HeNnrHeHocTeld MOXHO ONMpeIelHTh
ImyTeM IpeIRapHIeNLHOIC M3YUeHMI 3aKOHOB, 3akoHOMepHOcTel M ocofeHHocTel MX (YHKIHOHHPOBAHNA
Hanpumep, H3pecTHO, UTO AT MeXaHIMECKIX CHCTeM XapakTepHBIMH SRIAIOTCA HelHHeHHOCTH THIIA «modT»,
«TpeHHe», OIIHHSHHOCTH, @ AT 3NMeKTPHISCKIX — THCTePesH L.

IIpn mocTpoeHHH perpeccHOHHHIX Mogeneil ualme Bcero BeTpedaloTead HEIMHEHHOCTH OTHOCHTENIRHO
MepeMeHHBIX H HeNHHeIHOCTH OTHOCHTENBHO MapaMeTpoB. [IpMepoM HenHHEHHOCTH OTHOCHTENBHO

HepeMeHHBIX MOXET 6BITB paC]'[pOCTpaHeHHaH TIONTMHOMMIAJIBHAA CTOXACTHYCCKAA pel"peCCI’IH BHIa
2 3
viky=a, +ax(k)+ a,x” (k) + a;x” (k) +e(k).
KoadduimenTs: 5T0ro ypapHeHHs! MOKHO OIEHHBATL OOLUHBIM METOJOM HauMeHbINX KBapator (MHK) npu

HajITexaIeM TOCTPOoeHHH MATPHIR 3Meperdii [4]. Emle ogHuM TpuMepoM MokeT OBITh JOTHCTHYECKOS

ypaBHEHHE

yiky=aytk=D)—ay’(k-D+ek).
KOTOPOe OITICHEaeT HemnHeltHEe mponeccel ot O < @ <4 n y(O) e (0, 1). B mpenensHoM cnyuae (TIpH

a =4 510 ypaBHeH¥e OITHCHIBAGT XAOTHUECKHIT IIPOTECC.
HenuneitHocts o mapameTpam o0ycIOBIeHa HATHUHEM B MOJENH TPOH3BeNeHHH Ko3(hHITHEeHTOB,
HalpHMep, B BIIE
v(k)=a, +aja,x(k) +a, exp(=bx(k)) +e(k).
KoaddprmenTs (mapaMeTpsl) TaKoil MOZETH HEBO3MOKHO OIEHHTE ¢ TIOMOIIEI0 obkmuaoro MHK, mostomy ans
PemIe I 5ToH 3amaui MCMoNb3yioT HenmHedHbd MHEK, MeTon MakcHMATBEHOTO NPEaROONONCONA HIH IpyTrHe

MEeTOIEl HelTHMHeHHOTO OIle HUBaHHs.

4. Bpema 3anaz0bisanis. PeaxKniil Ha BHXOIOC o0beKTa 10 OTHOINEHMIO K BXOJHOMY CHIHaIy.

SamazgbBaHHe T10 BXOOY, €CIIM OHO M3BECTHO, OOCTATOYHO JIETKO VUHTEIBACTCA KaK B HEIIPEPBIBHEIX, TaK M B

I[I/ICerTHBIX MOJCIIAX. I[JIH ,I[I’ICerTHOI"JI MOOEIIH B BHAC paSHOCTHOTO ypaBHeHH.‘FI
vik)=a, +ay(k-1)+a,x(k —d)+ek)
BpeMﬂ salrasabIBaHIA d ]'[peI[CTaBJ'IHeT CO6OIL/1 IeIoe YHCIIO, paBHOC KOJ'H/I[ICCTBy HepI’IO,I[OB I[I/ICKPCTI/ISB.HI/H/I

HBMGpBHI/Iﬁ, Ha KoOTOpoOc BLIXOI[HOﬁ CHTHAI 3allAa3ABIBACT OTHOCHTCIIBHO BXOJHOIO, T.C. d - ll’lt [T/TS]’ Tac
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7 — BeIMUMHA 2ala3IbBaHiA B HEIIPEPEIBHOM BPEMEHIT, 1; — TIIEpHoa AHCKPETH3allli mMepe}Mﬁ.

JIHTenpHOCTE TIepHOAa AMCKPeTIAIH MRMepeHil 3aBHCHT OT OWHAMMKH KOHKPETHOTO Ipollecca M MOXKET
M3MEHATECA B TpefeNaX 0T HeCKOMBKHX MUKPOCEKVHZ I (BHM3HKO-TeXHHISCKHX CUCTeMAX IO ONHOTO Tofd B
MaKposKOHOMHKE.

5. Tun gosmyuienuti, AeHCTBYIONMX HA Tpolece, W cnocod ux yueTa. [1oj BO3MYIIEHHAMH TTOHUMAIOT
BXOIHBIE BO3MEHCTBHS TIpollecca, KOTOpPHIE OKAa3bIBAIOT, KAK TIPABWIO, OTPHIATENHbHOE BIHSHWE HA €ro
MPOTeKaHWe, HO HE WCTOTLIVIOTCA KAK YIPaBBoNHe. BosMyTlieHWs AenIT Ha JAeTepMUHHPOBAHHBIE W

CTORACTHYECKWE, 8 YUWTHIBAKOTCH OHW B aJUTHBHOHN WIW MYyJThTHIIIMKATHBHOW dopme. Bhimie Mbl TprBenn
PAasHOCTHEIE VYPaBHEHWS, B KOTOPHIE BO3MYINCHFE S(k) BROIWT B auiutueHOH Qopme. [lpumep

MyIETHIUTHKATHEHOM (hOPMEL
h(k) =v(k)|o, + ok —1)].
Tae U(k) — MYNBTHINHKATHBHOE BO3MYyINeHHe. BBeneHNe cnyuaiinol cocTapIsmoIneii B Momens o0yCcIOBIEHO

CIENYIOMIHMI OCHOBHEIMH IIPIHHHAME: [IPHCYTCTBHE HEKOHTPONIHPYEMBIX BHEIMHHMX BO3MYIICHI, BBEACHHE B
MOIENh IRNHIIHHX OOBACHTMOIINX MEepeMEHHEIX MIH, HaoOOpOT, OTCYTCTBHE B MOACTH HEOOXOIHMEBIX
OOBACHMONINX [IePEMEHHEIX, BIIAHNE METOOMIECKIX H BEMHCIHTENIBHEIX IOTPEITHOCTEH.

Bribop cTpyKTypEl MOmeNmH, aZeKBaTHOH Ipolleccy, - 3alada BeéchbMa He IIpocTasd H pellaeTcs Kak
TIpaBIIo, HTepaTHRHO. IIepBoHAYaNEHO CTPYKTYPY MOIEIH OLICHHBAIOT [IPUONH3HTENILHO HA OCHOBAHHMH aHANM3A
mpecTHOM  HHbOpPMAIIME © IIpoliecce, HCCISOOBAHMA 3aKOHOMepHOCTell ero IMpoTeKaHWs, aHaIH3a
KOPPETAIHOHHBIX (YyHKITH, BH3YATbHOTO aHATM3a JIAaHHKX. [IpH aToM menecoolpa3Ho BEIGWPATh HECKOITBKO
HanGolee BepOATHRIX CTPYKTYD (KaHIHIATOR). 3aTeM OTIpe/IeNdroT OIEHKH NapaMeTpoR Moeneli-KaHIniaToB 0
BHIOHPATOT TYUNIYIO U3 HAX, HCITONE3YS COOTRETCTBYIONTHE CTATHCTHUECKNE XapaKTepACTHKH MOJIenei.

Ecnm vm onipa 113 MozleneH-Ka i iIaToOR He MOKET CUMTATECS aAeKBaTHOH, TO HeoOXOAUMO HCCe/IoBaTh
Ha WHDOPMATHBHOCT AKCTIePHMEHTAThHEIE JaHHbBE, KOTOPhIE MOTYT OBITh HeZlOCTATOUHO HHQOPMATHBHBIMHE SIS
OlICHMBaHMA MoIelH. B TakoM cioydae MOXKeT MoTpeGOBaThCcs MOBTOPHEIT WM JOMOMHHTENBHEIR cOop
3KCTIEPHMEHTANBHEIX JaHHEIX.

AHanus npouecca. Ha stom stane HeoGXOIMMO ROCTIONB30RATHES Beell nmeromeiics ungopmarmeii o

mpoliecce ¢ TRNIBIO  OTpe/ieieHHs] YHclia ero BXOJACB W BBIXOAOB, JIOTHYECKHX B3AWMOCB3eH Mewmy
TiepeMEHHBIMI, BO3MOKHOTC TPHCYTCTBHS HelMHeHHOCTeH M MX XapakTepa, OnpesieleH s THIa BO3MYIIEHHI,
JeHCTBYIOINX Ha TIPOTIecC; ONpefeNieHHs TPHCYTCTBHS 3alaslblBaHAd HAa KAUecTBEHHOM W, BO3MOMKHO,
KOJTMYECTREHHOM YPOBHAR, NpUOIM3NTENLHOTO ONpefeleHns TMOopsaaka Ipolecca. B ciydae HcciIefoBaHHA
3KOHOMHPYECKHX TIPOTECCOB HeOOROIMMO YCTAHOBHTH MMEETCS JTH BIHMSHHE Ce30HHBIX 3((eKToB, TIPHCYTCTRYET
JW TpeH/l (Ha KAYecTBEHHOM YPOBHE), BO3MOMKHO, UTO BOZHWKHET HeoGXOMHMMOCTb BBUIBHHYTH THIIOTE3Y O
CYIIECTROBAHMA CIYYalHOTO TPEHJa; ecTh TH YYACTKH BPEMEHHBIX PSUIOB ¢ CYIIECTBEHHO PA3NHUAFOIHMHCH
ypoBHAMH KoneQaHuii (MPHUCYTCTBHE TeTepOCKeJacTHIHOCTH),.OleHHThL  HeoOROINMOCTh  MCTIONB30BAHHS
THTIOTE3h OTHOCHTENIEHO KOMHTETPHPOBAHHOCTH TIePEMEHHBIX. B pesyibTaTe aHanM3a Tpolecca HeolXOIHMO B
ofmeM EHIe IIOCTYIHPORATL CTIPYKTYPY MaTeMaTHieckodl Mogenu, KkoTopasd OymeT HCIOIB3IOBATECA B
IalbHelmeM Ond ONMCaHHMA ero IobeleHd Hamnpimep, eclmM BRIBHTAeTCS IHIIOTe38 O CYIIECTROBAHHH
TeTepPOCKEIACTHIHOCTH, TO HeoOXOIHMO BHIOPAaTh BOIMOWKHEIH Kiace Mofenei g ee omucanms. To e caMoe

KacacTesd IMPHUCYTCTBHA KOMHTETPHPOBAHHOCTH TIEPEMEHHBIX HITH cnyqaf/iHoro TpeHAA.
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OnpegeneHue HanW4UA HeNUHEAHOCTeW. [Jlnsg permeHus 5TOH 2a7a4M MOWKHO TOXBIOBATHCS

PAsTUYHBIME KpATepHIMA. OfHAKO TPH 5TOM HEOOXOAHMO ZHATE 00 WX BO3MOKHOCTAX. [lokamkeM Ha TIPOCTOM

MpHMepe, 9TO TIpUMEeHeHHe JTHHEHHHX KOBAapHAITMOHHBIX (YHKITHH He Bcerla TIPHBOAMT K IOIOKHTEThHBIM

pesynsTatam. llycTh TIpH OTIpeAENeHMH CTPYKTYPH MOAENM He OBUIW YUYTEHB HEKOTOPHE OOBACHSIONIHE

TiepeMeHHEE W B Pe3ybTaTe KOPPENHpOBaHHBIE OCTATKH OMMCHBATOTCS CIEIYIONHIM YPaBHEHHEM:
Ek)y=cu(k —Delk—1)+e(k), (1

e e(k) — OeNblii TayCCOBCKHH TIIYM; E[e(k)] IO, E[u(k)] IO, E[e(k)u(k)] =0, 1o ects,

TiepeMeHHEIR e(k) 1 u(k) HEKOPPETHPOBAHHH W WMEFOT HYJIEBOe cpejiHee, C — MacInTabHBIH Koa(HITHeHT.

Mo®HO MOKazaTh, YTO HOPMHPOBAHHAS ABTOKOPPEIAIIMOHHAS (QYHKIMA OCTATKOB M HOPMHPOBAHHAS (DYHKITAS

B3aHMHOH KOppelAail MEIY BXOJHBIM CHIHAIOM 174 (k) H OCTATKAMH HMCKOT BH/ .

@, (1) =3(1), ®,.(0)=0, Vvt 2)
Onnako, w3 ypasrenus (1) ciefyer, duro é(k ) - KOppeIHMpOoBaHHAS MOCTIeIOBATeNBHOCTE, UTO OyIeT

BHOCHTH CMEITIEHME B OICHKW MapaMeTpoB Mofienn. Takum obpazom, B 00meM ciydae JWHeHHBIE
KOPPETAIHOHHBIE METOAE HE JAI0T BO3MOKHOCTH CMpeAeNHTh GakT MPHCYTCTRHS HelMHEHHBIX 2Q(heKTOR W HX
BIHSHHE HA TIPOTECE.

Juig Toro 9ToGH OIEHHTH THIT CBAZM MEWIY BXOOM W BHIXOJOM (TO €CTh, CBA3L JWHEHHAS HIH

HGJ’H/IHBI‘/JIHaH) MOMHO BOCTIONB30BATECA CHGKI‘paHBHOﬁ (pyHKLH/ICf/JI BEICOKOIO MOpAAKa BUJA!

2z
_ ‘Sm((")i?@j)| (3)
/ Sm(o‘)l)Sm(@j)Sm(ml /O‘)Jr)
Tae S . - . )— GI/ICHGK’[‘paHLHaH IUIOTHOCTE MOIITHOCTH, S w.)— CIIEKTPAaJIbHASA TUIOTHOCTH
® i 7 ® i

MOIITHOCTH BpeMeHHoro pama. [Ipu S@((Dl.,(D j)=0, VO)I.,O) ; Tporece OymeT NHHEHHEIM M TpeTiii

MOMEHT BXOJHOI'C CHIHAJIA },L3 = O Opnako, ecin X i =const , TO MpoTiecc JTMHEHHBIA, HO p.3 #* 0

Taxoll mooxXoX K ONpeINeNeHIIo IPHCYTCTBHA HelMHHeiHocTeld HMeeT NMBa HEZOCTaTKa. Bo-TepBRIX,
OIICHMBAHME CIEKTPANbHOM IUIOTHOCTH MOIMHOCTH TpedyeT IIPHMEHeMs CIeIManbHoll IIpeapapHIeIbHON
00paboTKM CHTHANOB B BHAE TPHMEHEHHSI BPeMEHHEIX OKOH, VepenHeHns, 1udporoil ¢uneTparpm u T.1. Bo-
BTOPBIX, OH HE BRCETIIA MOMKET OBITh MCTIONL30BAH TIPH PEIeHNUH 34/1a4 MIeHTHPUKAITHM CUCTEM, TIOCKOJIBKY OH He
JlaeT BO3MOWKHOCTH TONYIHTH OICHKH TIAPAMETPOR MOJIEH B SBHOM BIie. KpoMe Toro, TIpH pelleHnH 3THX ke
387a47 HEe BCErA eCTh BO3MOKHOCTE TIOTYIHTh M3MEPEHHI BXOJHOTO CHIHANA MITH e MHOPMATHEHEIH BXOIHOH
CHTHAJ TIONYYaroT NCKYCCTBEHHO B BHJIE CIICITHANHHO TeHepUPYeMBIX TIOCTeA0RaTeNbHOCTeH, KOTopEe He Beeraa
MOIKHO TIOIARATE HA BXOJ 00bEKTa BCIEJCTRME ocobeHHoCcTe i ero QyHKITMOHHPOBAHMSL.

Uto KacaeTcs SKOHOMHYECKHMX TIPOIECCOB, TO B STOM clydae, KakK TPABHIIO, HENh3S TMOCTABWTH
3KCTIEPMMEHT ¢ TIporieccoM. [103ToMy MCTIOTB3YIOT TONBKO Te CTATHCTHISCKHE JaHHbe, KOTOPEE MOXKHO pealbHO
cobparh B mporecce MccnefoBamis. B ofmeM cnyuae OpH MASHTUQHMKAIMH CHCTEM MCTIONB3YIOT TPH THITA
CHTHAJIOB: BXOJHOW, BBHIXOAHOW W Bo3mymieHHs [IpH 5TOM BXOJHOW yOPABIAIOIMMHA CHUIHAIL CYUMTAIOT

HE3aBHCHMBIM OT BO3MY HICGHITA. B Pe3yIIBTATS OKa3bIBACTCHA HCBO3MOMHBIM BEIAICHHTE HCKOTOPBIC THIIBL CBSRCH.
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BoamoxkHO MCIONB30BAHNE TaKIKe AHUCTICPCHHHOTO METOHA OIIPSAS]IC HIA ITPUCY TCTE M HEHHHeﬁHOCTGﬁ,

KOTOPHIH OCHOBAH Ha TIPHME HEHIH CITe/IYFOITeH (hy HKITHI:

W, (10.1) = B [ B [2(0) [u(t)] = B, [ 2T “

KOTOpasg BBHIUMCISETCS C TIOMOIIBID JIOCTATOUHO CIOXHOTO WHTETPAalbHOTC YpaBHEHWS, €CliH M3BECTHRI
COOTBETCTBYIOITHE IIIOTHOCTH PacTIpe/ieNieHAs BepodTHOCTEH CHTHANOB, KOTOPEIE He BCEr7d MOKHO OITPE/eNIHTh.

B cemu ¢ pHImecKazaHHHM [ O0HApPYXKeHNA HelMHeHHocTell IpemcTaplAeTcd LeNecoodpasHEIM
HCIIONE30RATE §oliee IIPOCTHE KOppeAlloHHEe IpoleXyphl. IIycTh cHcTeMa IMpefcTapleHa B aHATHTIIECKOH
dbopme ¢ oMo pAnos BonsTeppa:

oo 0

2= [ [t T T ut—1)dure(?). ©)

k=1 ",

HCHO.HBByH OIEPATOPHOC ITPEJACTABJICHHE, 3aITHIICM HTO YPABHEHHE B BHJIC!
zZ(O)y=>_ H [u@®]+e®)=H[u@®)|+e)=>_H u" @)+e(), (7)
n=1 n=1

Ijle KBajlpaTHEIE CKOGKH YKa3blRaoT Ha To, uto {4 - oTo omepatop js u(t) a KpyInBle CKOOKM — Ha

qJElKTHLIGCKyIO 3aBUCHMOCTE.
B I[aHBHCﬁlHGM 6yI[GM mojaarare, 4To CJ'IyT-IaI‘/JIHHG CHI'HAJIBI, BCTpeHAaloImuecd B IIpOlecce
I/II[GHTI/ICpI/IKaL[I/H/I, ABIAKOTCH DProfgMYCcCKUMM, TO €CTh CPeJHHE 3HAYMCHMA 3HAYMCHMA 110 ancaMOIIo MOTYT OLIThH

npeopasoBaHel B CpeflHME TI0 BpPeMEHH ¢ TIOMONIBIO HeKoTpoil BHOOpoUHOH (YHKIMH. PaccMoTpuM
YYBCTBUTENEHOCTE MOJeNH Bonbsreppa BTOPOTO TIOPSAKA K BXOAHOMY CHTHATY M(I) +b . B nannom crydae

BBIXOI[HOﬁ CHI'HAIL OIPEHCIIHACTCH KakK
Z(0) =H [u(t) + b+ H,[u(t) + b] +e(t) =
= H,(u(t) +b) + H, (0, (1) + 2bu(®) + b*) + e (D).
Ecmu BouecTs cpeliHee C BHXOI[HOﬁ BCITMYHHEL, TO TTOJYYHUM!

2O =H )+ H, @’ )+ 2bu(®) —a" (1) +e'(0). ®

2 2
I MTPHXOoM 0603HAUEH MPOLECC ¢ HYNEBRIM cpeaHuM. Mozens (8) BIIoUaeT 3aBHCHMOCTE oT O, =U (l‘ )

nor b, TIO3TOMY OHA OY/IET 1aBaTh NPABHILHEIA TIPOTHO3 TONLKO B TOM CIydae, KOT/la BXOAHOH CHIHAT HMEET
TAKYIO JKe XapakTeprcTHKY. Taknm ofpasom, YyBCTBHTENLHOCTH MOJIENH K BXOAHOMY CHIHATY 3aBWCHT OT ee
THIIA, TO €CTh, OT &€ CTPYKTYPHL.

I[J'[H TOTC UTOOEI BBIXO,[[HOf/JI CHUTHAJL HE 3aBHCC] OT JAWUCIICPCHH BXOJHOIO, BBIUTEM M3 ITOCHSAHETO

ypaBHEHWS cpesiHee TTpH I (I) =0, ro ects BemmHHY

zZ, (1) =H,[b]+ H,[b] +..+e(®).
B pesynrrare momyiuM cIeIVIOMIYIO 3aBHCHMOCTE!

) =z(0) =2, () = H,(u(®)) + H, @ (1) +2bu(0)) +..+€'(0). ©
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M3 (8) u (9) cnemyer, uto Z 2 (I) =2 (I) TOTAA M TONBKC TOINA, KoTZa 0OLekT THHeHHEIH, To ecTh IocIeqHee

PEABEHCTBO MOXKHO MCIIONE30BATE KAK IPOCTOH TecT Ha IPHCYTCTRIE HelHHeHHOCTIL
3amany obHapyxeHNHa HenHHeiHocTel copMynupyeM CIeNyIOMIM o0pazoM: mpedyemca YCemaHoswmby
HeOBXOOUMOCHTE NPUMEHEHUA HeAUHeHHOT MODenU ONA ONUCAHUA KOHKPemHOTl avtbopru Oauuvix. 14 petenus

3adauy OydeM NOIL306AMBCR KOPPRAAYHONHLIMY (IVHKYIAM,
IlycTth BXOAHOM curHan 14 (I ) W Iy M e(t ) - He3aBHCHMEIE TTPOIIECCH ¢ HYNEBEIM CPEIHHAM W TTyCTh BCe
MOMEHTHI ¢ HeUETHEIMH CTETIEHAMH [T 3THX CHTHATIOB PABHEI HYJIO, a /IS BXOAHOTO CHTHANA CYITECTBYIOT BCe
I
MOMEHTHI ¢ IeTHEIMII CTeIe HAMH. PaccMOTPHM KoppelanoHHyio dyakmme D w (‘C) , Toe Z (I ) — OTKIIHK
ZZ

CHCTEeMEI HA BXOOHOM CHIHAI u([) + b TIocne YAaJIeHHA M3 HEro CpedHero 3HAYCHITA. ITo OIIpSOcIC HHIO

xoppemHorHad pyukmma P, (’E) OTIpeIeNAeTCA KaK
zZz

D, (D)=EZC+0E0)] (10)
rae
D+ D=l ()@ -1, + 1) +b)dr, +
+{[ A, (2, T, (@it =1, + D)+ B(u(t =1, + V) +b)dr, dr, +..
+e(t + 7). (11)
Ilocme zaMe LI NEPEMEHHBIX B TIOCHSAHEM YPABHECHHW TTOJTYYHM:
Z+D=[h@ -1 +Du(t)dr, +
+{[ 7 (1 =1, + 10— 1, + 0 @t u(T,) +bu(t) + bt ) d, +...

—_th(t—‘cl + 1,0 -1, +Du(t)u(t,)dv, dv, +.. +e'(t+1). (12)
C yaerom (7) TiocnesHee ypaBHEHHE 3aITHINEM B BHE:
A+ =H, @)+ H, @ @) +2bH, (w))—H," @ () +...+e'(t +71).
(13)

Tereps dyukims (10) npUAMMAET BUI:
O ()= E[2'(+ DE (1) ] =
. |2, Gy + H,u® + 2bu =) + H, (0 + 3bu® + 3b°u =3 + ..+ &' (1) ] x

[H, o)+ H, 0+ 2bu — 0> + H @ +3bu® +3b%u —=3bit” +..+ (1 +7)]
(14)
= E{[(H H @) + 2(H H )@ +2bu® — ™) +2(H H )" +3bw’ +3b™u —

—3bit u) +..+e"”* ()]x

X[H )+ H, (u* +2bu —u)+H,; (u’ +3bu’ +3b°u —3but* ) +.. . +e'(t +1)]}.
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(15)

DBHITONHIM aHami3  Koppersmmorsoit dymxmm O (’C) PaceMoTpiM oTZenbHO KadbM wiIeH
zz

YPaBHEHHA (15) C YUE€TOM TOI'O, YTO BCE HEYETHBIE MOMCHTEI BXOJHOT'O CHI'HAJIa PABHEI HYIIO, & YETHEIE -

IpHCYTCTBYIOT. B peaynbTaTe MoNydaed:

@ E[(HH)a*H, @)= E[(H,HH @) =0. a6)
©)
E[(H H Yu)H,* ® +2bu —%)| = E[(H H H, " +2bu® —iu*)]%0.
)

® E[(HH,(uH, @’ +3bu* +3b*u —3bu*)] =
= F[(H H H, Y’ +3bu’ +3b%u" —3bu*u’)]#0. (18)
) E[QH,H)@® +2bu* —uir HH, ) =
= E[QH H,H )" +2bu’ —it*u®)]#0. (19)
Io aHATOTHH MOKHO TIOKA3aTh, ITO BCE OCTAIBHEIE TISHH (38 MCKIIOTEHIEM TeX, TTO COIePKAT CHTHAT

OUTHOKH e(t)) TAK¥e He pARHMOTCH HYIKO M BIMMOT Ha 3HAUEHHe KoppendimioHHOH ¢yHKImn Hynepre

(YHKITHH HMEIOT B!
EL(H H)(@™)e'(t +1)]=0,
E[QH H )W +2bu’ —t’u)e'(t +1) =0,

El@)e(t+1)=0.
W3 mprBeeHAOTO aHANM3A CIeAYeT, UTO
(Dz'z'2 (1) =0, V1 (20)
TOIJa W TOJNBKO TOTAA, KOrja oOBeKT JIMHEHHBIH, TO ecTh H2>H37"'>Hn =0. Taxum obpazom, oOBEKT
OyIeT comep:aTh HeNHHEIHHOCTH, Korzaa (Dz,z,z (’E) # (). Tumotesa OTHOCHTEIEHO PABEHCTBA HYIIO TPETHEIO

MOMEHTa BXONHOIO CHTHANA BHIONHASTCA IpH Bo0VAIOeHMH oO0bekTa PaBHOMEPHO paclipeleleHHEIM
TAYCCOBCKHM IMYyMOM M IpYIMMH clOyuaiiHeME IpoleccaMil. OHa IPOBepAeTcs ¢ IOMOIIEID CIeAyIomei

KOBAPHAIMOHHOMN hyHKITHI:
Elu@®u(t +t)u(t +1)], V1.1,
IIprcyTcTBHE BO BXOJHOM CHIHANE TOCTOSHHOH b criocoOCcTRYeT OOHAPYIKEHHIO HelMHeHHoCTeH

CHCTEMBI, KOTOPBIC BIMAIOT HA BETHMYHHY (D 2 (T) . Ecnn monoxnts b = O , TO TpGTI/Iﬁ WIeH Pa3iomeHHA
ZZ

(16)-(19) Gyzper PaBHATECS HYIIO W ¢ TIOMOIIBIO (QYHKIMH (DZ,Z'?_ (T) OyJIeT HERO3ZMOWKHO OIPEJIeIHTh
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; : ! -
HETHHEHHOCTH HEUeTHOTO Mopsnka. [IpH HAMMMUN M3MepeHH BENMIHHEL Z, (l) pesyneTar, NogobHEIH (20),
MOJKHO TIONYTHTb Takke ama dyakmm O (‘C) .

Zp2h

KpOMC PAcCMOTPEHHBIX TIOAXOOOE K OIIPEACICHIIO HaIHYMIA HeHHeHHOoCTeH IIpH  TIOCTPOCHITI

PETPECCHOHHEIX MOAENEH MOMKHO BOCTIONE30BATHCA OoTee MPOcTRIMU TecTaMi. Hanpumep, cTaTHCTHKOH [4]
1 & )
—Zn,- ¥V, =)
F = |

Z Z(yy 7.

Iljl

Tae k_ YHUCIIO TPYIIT JaHHBIX, ni_ YHUCIIO H3MEPEHHH B TPYIIIE, 11— obmee 9HcIo M3MEPEHWN.
(I)B.KTI/I[ICCKI/I, JaHHAaA CTATHCTHKA TIPEACTABILACT coboit CIIEAYIONIEE OTHOIIC HIE

I OMKNOHeH HecpeOH X 3HAYeHUHOM NPAMOIl pespeccuu

OmrnoHeHuesHaueruti v(k) om apynnoesix cpeorux

Ecmm craTtmcTika F C Vl :k_2, VZ :n_k CTCIICHAMM CBO60,[[LI HOCTHIAET WK TIPEBOCXOINT

YPOBEHL 3HAYHMOCTH, TO T'HIIOTE3Y O JIHHEHHOCTH HYKHO OT6pOCI/ITL.

Bbi6op cTPYKTYpbl MoAeneW-kaHAWAATOR. Koaxpguyuenm xoppeisayuu, a B obMEeM ciydae

KOppersyuonnas yHKyLs, TIO3BOISIOT YCTAHOBHTH HANTMYME CBS3H MEXY SHJOTEHHBIMH (3aBHCHMBIMH) H
3K30TeHHBEIMH (He3aBUCHMBIMI) TIepeMeHHBIMH. Koppensiinsg moxeT OHITh JHMHEHHAd WM HelWHeHAs B
3aBHCHMOCTH OT THIIA 3aBHCHMOCTH, (hakTHUECKH CYNIECTBYIOMeH Mekay NepeMeHHbHIMA. B GONbIMHCTRE
TPAKTHIECKHX CITYUYaAeR PAacCMATPHBAIOT THHEHHYIO KOPPEIAIO (B3aNMOCRA3L), OIHAKO Gonee nyGoKHil aHATH3
TpedyeT NpHENEIeHNA ANA HCCISIOBAHMA IIPOIRCCOB HeMHMHeHHBIX zapMcHMocTel. CIOXHYIO HeNHHEHHYIO
3aBUCHMOCTE MOMKHO YIIPOCTHIb, HO 3HATH O €€ CYIIECTBOBAaHHH HEOOXOOMMO ANA TOTO, UTOGH IIOCTPOHTE
ameKBaTHYIO MOZENh Mpoliecca.

KoppensmonHas MaTpHila TO3BOTSIET YCTAHOBHTh (DakT HANHYHS CBAZH MEWY YKA3aHHBIMI
IICPEMCHHBIMIL PacCMOTPHM KOPPEIIIIOHHYIO MATPHIY DasMEPHOCTH 3 X 3, KOTOpas CTPOHICS IS TPex

TepeMeHHER X, V, Z

Py Ty Tay
R=|r, Py Fol T Fyp=TFy, F,=0, FIy=F,. 2D

ryz Voo ¥z

HYCTB y_ 3aBHCHMAA IIEpEeMEHHAA, a x,Z_ TEXHOJOTHICCKHME TIApPaMETPEL, KOTOPEIC TIPEATIONOKHITEIIEHO

BIMAKOT Ha y .To €CTh, MEI OIIPEACIIACM HAIMINE 3aBICHMOCTH BHIA:

y=J(x.2).

KOTOpas MOXeT GBITh NIpeAcTaRNeHa B opMe peIpeccHy NepeMeHHolI V' Ha He3aRHCHMEIS IIepeMeHHEIE X, Z !

v(k)=a, +a;x(k)+a,z(k) +ek), (22)
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e k — IHMCKPeTHOE BpeMd (HATIpHMep, B CeKYHIax, MAHYTAX, Jacax, JHAX, Helelax, Mecarax 1 T.10. ), S(k) —

CJ'[y‘-IElﬁHElH THepeMeHHasd, ITPHUHHMHEL BBESAC HITH KOTOpOﬁ B MOJCIb ObIm PAccMOTPEHEI BRITIIE.

SEIT-IEICTyIO CUHTAIOT, YTO COBOKYITHOC BJHAHHMC BCCX YKAZAHHLIX q)aKI'()pOB MOKHO € HCKOTOPBIM
JAOIYIEeHUEM OIMTUCATE CHY‘I&IZHOIZ HGpBMGHHOf/JI g(k) HOCKOHLKy OHa HE M3MEPACTCAH, TO OISHHUTE €¢ 3HaYe HHS
(OH_H/I6Ky MOJACTH HIIH OCTEITOK) MOMHO TOJBKO ITOCIE OINCHHMBAaHHA KOB(p(pHL[HBHTOB MOJACIIH, TO €CTh

e(k) ~ e(k) = y(k) — y(k).
rae j)(k) — OILICHKa HepeMeHHOIL/i y(k) , IOTYUYEeHHAA 110 MOIEIIH, y(k) — M3MEpPEHHE.

I[J'[H BBIYHCIECHHA DJICMEHTOR MATPHIIBL R HCO6XO,[[I/IMO WMETE CHHXPOHHEIC 110 BpPEMEHH BH60pKI/I

3HaYeHNH BeeX TpeX TepeMeHHEX V', X, Z . DopMyna 1714 pacdeTa Ko3bUITHEHTOB KOppeTaIii HMeeT B

N
O CORE] HORSH

_ k=l
P = N 5,0, ’

rae X, ) — cpeaHue BEIOOPOUYHEIE 3HAUEHM MepeMeHHEX X, V', O ., O y T CTaHIapTHHIE OTKIIOHSHMA STHX

TIEPEMEHHEIX, TO €CTh

1/2
2

1 N )
. =00 = —— K—v i
y 3 N_lkE_l[y() V]

rre N — wncto M3MEPEHHI iepeMeHHoH V.

KOB(p(pI/IHI/IGHTBI KOppeJ'IHHI/H/I TIOKA3BIBAKOT CTEIICHE B3aMMOCBAZHA MC}KI[y HepeMeHHHMI/I. OquI/LHHO, qTo
Tpeske 1eM (hOPMATEHO BHTHCIATE Ko3hHITHEHTH KOPPRIAINH, HeoOXOMMMO BHIIOTHHTE aHATNS TPoTecca 1
OTIPEAETUTE TIPHCYTCTBYE (MM OTCYTCTBIE) JTOTHUECKOH CBA3M MeXy TepeMeHHRIMIL JTO TIO3BOIAET BRECTH B
pﬂCCMOTpGHHB TOIBKO TC HepeMeHHBIB, KOTOpLIB ,[[BI‘/JICTBI/ITCHLHO BIMAIOT HA BHBHCHMYIO. OT-IGBI/I,[[HO, UuTO A1
TIPARMILHOTO BHIGOPA TIEPeMEHHEIR HeOOXOAMMO JTOCTATOUHO TMYGOKO 3HATL MOMETHpPYeMEH Tporiece (Ams
penierHus HTOMH 3471491 BREJISH TIePRBIH Tal).

Ha ocuoBanmu 3HaueHuil xkoshGUIMEHTOR KOPPEISIIMH TPMHUMASTCS PellleHre 0 BKIIOYSHMH HX B
YPABHEHUE PErPECe UM

v(k)=a, +bx(k)+byz(k) +c(k),
KOTOpO@ MOXEET 6BITB Hpe,[[CTaBJ'ICHO B O6H_ICM BHIC KaK MHOXKCCTBCHHAA perpeccm{

yik) = ay + axy (k) + ayx, (k) + ayxy (k) +.. .+ a, 1 x, (k) +e(k). (23)

HzpectHo, uTo Meway koadbUIMEHTAMH perpeccHi bl,b2 u kKosQhHIHeHTaMi  KOPPesTHi Vyes Tz

CYIECTBYCT OAHO3IHAY HAA B3dMMOCBA3E.

Ypasrenue (23) npepcTaBiieT coboll MuOdICecCmGeNHYIC MUHEHYI0 pespeccuio [P —TO TIOpsKA, XOTA

3a4ACTYIO TIPUXOAWTCH TIPUMEHATE 0olee CIOKHLIE HelHHeHHbIe MOJCITH. XapaKTGpHLIM NpeACTABHTEICM
HeIHHeHOH 110 TEPEMEHHEBIM PETPECCHH ABIACTCAH TTOTHHOMMAILEHAMN PETPECCHA TTOPAJKA.
I[J'IH OIIpeacICHITL HGO6XOZ[I’IMOCTI/I BKITIOUEHIA B YpPaBHCHNE PEIPECcCHI aBTOpel"peCCI/IOHHOIL/i

COCTARILTOMEH HeoOXOAMMO EBBEMHCIHTE H HCCISAOBATh BBI6OpOT-IHy10 ABMOKOPPEAAYUORRYIO U HACHHYIO
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AEMOKOPPEIAYUOHHYIO YHKYLIO TIepeMeHHON y(k) . YpaBHEHWE ¢ aRTOPETPECCHOHHON COCTABNSIONEH HMeeT

BHJI:
vik)=a, +ayv(k -1 +a,v(k —2)+bx(k)+b,z(k), (24)

TO eCTh, B YpaBHEHMe perpeccHH NofapleHa apToperpeccroHHas (AP) COCTARIMOINAS ETOPOTO MOPAMKA.

TIopsmok aBTOpeTpeccHi OMpenesaeTcsa ¢ MOMOIIBID aBTOKOppenmIHonHoH dyaKkimr. Yncmo koddHITeHToR

ﬂBTOKOppGHﬂHHOHHOI‘/JI (byHKL[I/]H, KOTOpPBIC OTIHWYHLEL OT HYJA B CTATHCTHYCCKOM CMBICHTS, H GyI[BT COCTaBIISAThH

MOPSHIOK ABTOPEIPECE HH.

KoabduimmenTs apTOKOppeISIHMoHHO (hy HKITHH BEUACTSIOT Mo GopMyIe:

N
D OS] DS
Py (8) = Foyisy = — 0 - . s=123.., 9
N G

0%

2 o
e O v BHIOOPOUHAS JUCTIEPCHS TIEPEMEHHOH y(k) . Yucno xoaddmmentor AKD, oTIHUIHBIX OT HYJS B

CTATHCTHIECKOM CMBICIIE, YKa3bIBACT Ha TIOPAOOK aBTOpCTpeCCI/IOHHOﬁ TacTH MOOCIH.
Y TOUHHTE TIOPATOK aBTOpCl"peCCHOHHOﬁ COCTARILIOIISH IIOZBONAET UacTHAA ABTOKOPPEIHAITMOHHASL

dbyaximsa (JAKD), KoTopas BRUHCIASTCA B COOTBETCTBHH C BHIPaKE HITTMIT,

s—1
3 I"2 rs _Z(Ds—l,jrs—j
_ _2 7N _ J=1
— I
1

1->® .7,
=

UAK® verue orpawmaeT nopaaok AP-mozenn 6narogapf OTCYTCTBHIO BIHSHHSA TPOMEKYTOUHBIX

ko3 QHIMEHTOR KOppelNAMH Ha BHOpaHHHE 3HATEHHS IIepeMeHHOH, To ecTh, Koadduimient (I)“

XAPaKTepH3yeT CTCIICHE B3aHMOCEAS MCHY CTOANMI pALOM (HO BpCMCHI/I) SHAYCHHAMI HCpCMCHHOﬁ, a (D 22

XapaKTepH3yeT B2aMMOCBI3h MEXRAY 3HATCHIAMH TepeMeHHOH, OTCTOANIMMH Ha pacCTOSHHH IBYX TepHOZOB
JIHCKPETH3ATTHH,
3nravenns kKosQUIMEHTOR BHIGOpoUYHOH (TO ecTh, BRIUHCIEHHOH 10 BHIGOPKE 3KCIIePHMEHTANbHBIX

JIAHHEBIX) YacTHOH aBTOKOPPETSIHOHHCH QYHKIMH MOWKHO TpHOIHAKEHHO ONpeelHTh 110 SKCTIRPHMEHTAITEHBIM

JIAHHBIM clefyionium oopazom. Koadduiment (| MOIenH

y(k) = ayy(k —1)

MOHO MOCTABHUTE B COOTBETCTBYE Koaddurmenty UAKD d ~ ) 11» @ kKoaddrment d4, Mogenn

y(k) = ayy(k=2)

NPHUOIMAMTENHHO  paBHsieTcsl  Koa(duimeHTy CDQQ. Koaddurmenter ), 5y  OLEHHBAIOT, HANPHMED,

METOIOM HAMMEHBITHX KBAJIPaTOB.
Korma M ropopmM, uTo 3HAUeHHA KO3(hHIITHEHTOR ABTOKOPPeIAoHHeH QYHKINN AOMKHEL OHITEH
OTITMYHBEIMH OT HYJISI B CTATHCTAYECKOM CMBICIIE, 3TO 03HAUAET, UTO CYIIECTBYET HEKOTOPOE BHIpaKeHNE, KoTopas

TO3BOHCT ¥YCTAHOBMTH MITH OIPOBEPIHYTE BTOT CpaKT. OI[HI/IM 3 OGH.[BHPHH_HTHX TOAXOA0B K OIIpeAeIIe HAK TOTO

10
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(IJEKTE, qTo KOBCpCpI/IL[I/ICHTH AKD CYIMECTRCHHO OTIHYHLI OT HYJH B CTATHCTHYCCKOM CMBICHE, €CTh BRIMHCICHHS

CTATHCTHUECKOTO IIapaMeTpa (I TpocTo cTaTHCTHKH) JInioHra-Bokca Q(I‘k) KOTOPHIH BHTHCIASTCA II0

dopmyne [3, 5]

Or,) = N(N + 2)ir; AN = k),
k=1

rae N_ JJIHMHAa BBI60pKI/I JAHHBIX nepeMeHHoﬁ, JIIA KOTOpOﬁ HAMIEeHBI 3HAYEHIS aBTOKOppeJIHL[I/IOHHOﬁ

yrximm Fy ;8 — umcno koaddrime nrop AKD, KOTOPBIE HCCHEYIOTCS Ha CYIECTBEHHOE OTIIHINE OT HYJISL.

Tpernii sTam 3akaHUMBaeTCs BHIOOPOM CTPYKTYP HECKONBKHX MOJelel-KaHaunaToB, Koa(pQuImeHTs
KOTOPBIX GYIYT OTEHMBATLCS Ha CIEAVIONIEM JTarle.

OueHuBaHue KoadthdUUuUeHTOR Moaened-KaHAWAATOB. Ha 3ToM 3Tame BHUHCIMIOT OIECHKH

koaQPUIHEHTOR MoJieTeHi-KaHAHIAaTOR, KOTOphIe PasiMdaloTes cBoei cTpykTypoil. Hamprmep, MoxHO BEHIGPATH
ABTOPETPECCHOHAYID 9acTh (MO/IeNh) TepBOTe, BTOPOTC H TPEThEro Topsaaka. MokHC paccMOTpeTh MOJIENH,
BKJTIOUAICITIAE TIO0 OTAENBHOCTH OOBACHMION[HE TepeMeHHBIe, a TakKke MOJENH, KOTOphle coflepskaT Bce
OOLBACHMONNHE IepeMeHHble BMecTe. Hambolee pacIpocTpaHeHHEIMH MeTOOAMH OIEHHRAHMA MapaMeTpoB
MOZeNH fBISIOTCA CIeAVIONINE: MeTod HamMeHBOIMX KBagpatoR (MHK) H ero MozudHKAaIlMi, MeTox
MaKCHMaTsHOTO Tpapgornogodus (MMIT); meron BemomoratentHoi nepemennoi (MBI, HenMHEHHEIH MeTOR

HanMeHBIMHX KBaapaTtos (HMHK) 1 ux pexypcHBHEIE BEPCHI

I[J'IH TIONYUEHIA HECMEIIEHHEIX OIIEHOK BEKTOpa IapaMeTpOB e pel'peCCHOHHOﬁ MOIOEIH C IIOMOINBED

METOAa HAMMEHBINMX KBaIpaToB HeoGXOIHMO BEIIONHHTD CIIEAYIONIHE Y CIIOBITA!

8.) S(k) — HEKOPPEINpOBaHHAA TTOCIEIJOBATEIEHOCTE CJ'IyIIB.I‘/JIHZBIX UHCEII ¢ HYJICBBHIM CPEOHIM, TO €CTh

2 k=7
Ele(k)]=0. covle(k)]= E[e(k)e(/)]= CZ)S ’ P JJ

6) nocrenoparensroct () u V(k) He momxHO GHITH KOPPETHPOBAHHE MeAJTY COGOM,

BuiGop nyywei Mogenu U3 MHOXeCTBA NOJTYYEeHHbIX KAHAMAATOB. Ha sToM sTare BHIOHPAIOT

TYAITYIO THHEHHYTO MW TICEBAONHHEHAYIO MOZIENTh ¢ TIOMOIIEIO MHOMECTRA CTATHCTHUECKWX MapaMeTpos. OHK
TIOZBOJIAFOT OIRHHUTH TI0 OTAETBHOCTH 3HAYHMOCTE Ko QUITHEHTOR MATEMATHISCKOH MOJIENH B CTATHCTHISCKOM
CMEICTIE, OMpEeAeNNTh HHTEIPalbHYI ONMOKY MOIENH IO OTHOIEHMIO K HCXOOHOMY BpPEMEHHOMY pAmy,
YCTAHOBHTE HANIMIHe KOPPEALIN MeX Iy SHAUSHILAMI OMIHOKH MOIeH (HaloMITHASM, ITO OHH JOIKHEL GHITE He
KOPPeNMPOBAaHHBIMI), & TAKHE OMPENIeNIUThL CTeNeHb aJIeKBATHOCTH MOZenH (PH3HIecKoMy TIpoTeccy B TeoM. B
3TO MHOKECTBO BXOJAT CIEIYIONIHE CTATHCTHYECKHE TTapaMeTPhL;

1. ¢ —__cmamucmuxa CTblofeHTa. 3HAauMMOCTh  Kaxoro KosG@HIMeHTa perpeccHu B

CTATHCTHYCCKOM CMBICTIC OIPEHE/HIOT ¢ TTOMOIIER [ — CHRAMUCHIUKH, KOTOpasd, KAk IPABHI0C, BRIMHUCIIHACTCH
BCEMIT TTAKETAMHM CTATHCTHIECKIIX TIPOTPaMM TIO (bOpMyJIe:
L, =————,
SE

a

11



m i‘;TSﬁ.kpi.l’!{l [(ﬁ(g)t?,&p?-‘i MATEMATIHIHITX N-‘IET{'P-;THB CHCTEMHOTO é'lT-Ié.'l‘F[.l?!}’

roe (I — OlgHKa KOBCI)CI)I/IL[I/I@HTEI, TIONMYYEHHAaA C© TIOMOINBED TIAKETA, ao — HYJIb-THIIOTE3a B OTHOIICHITI

3HaueHus1 5Toro koaddumenta (obpMHO (y = Oy SE 4 — CTamjIapTHas ommbKka OleHKH Kozdduimenta,

KOTOpPasA BEMMHCIIACTCA TTAKETOM. OT-IGBI/I,I[HO, qTO MEHEBIE 3HAYUCHIE CTB.H,I[EIpTHOﬁ OH.IH6KPI, TEM J'IY[IH.IGI‘/JI SABIIACTCHA

OlleHEa Ko3(hhHITHEHTa AMA MOTSIH.
JInd ompefeneHHA 3HAYMMOCTH Ko3h(MINEHTA HeoOXOTHMO 3HAaTh IMHHY BEIGopk: [V . dmemo
=1%, o =5%
OIICHHBAEMBIX IIAPaMeTPOR P! M 3afaThes YPOBHeM 3HaIMMOCTH (X (ofrriHO sapatores O = 170, O = D%
=10% i 5
u Of = 0). YpOBeHB 3HATHMOCTIL, PABHEIH 5%, 03HAYAET, ITO ME OIIGHHBAHHH PETPECccHH MEL JOITY CKABM,
YTO OMMOOYHOE TPHHEATHE PEIICHHA O 3HAUHMOCTH OLGHOK BO3MONKHO B 5% CIoywaeB. DTH NHapaMeTpE

MO3BOISIOT BEIOPATH 10 TaGIMIaM 3Hauerie | it Ecmm

—t . <t, <t

RP UM Rpum’
TO HYJB-THIIOTE3a O HE 3HAYMMOCTH KOBCpCpI/]l[I/IGHTa IIPUHUMAETCA, B IIPOTHMBHOM CIIyUac OHa OTBEPIaeTCia H

KOBCpCpI/IL[I/IBHT CUHTACTCA 3HAYHMBIM. HOCKOJ'IBKy 3HAYCHHE CTATHCTHKH ta OGpaTHO TPOTIOPITHOHAILHO

CTaHOapTHOH ommHbke SE - TO 1eM GonpinM GyAeT 3HATeHIe 4 4» TeM Oomee BEICOKOHN GyHeT 2HAYMMOCTD

KOHEPETHOTO KO3(hpHITHeHTa.

2
2. Kostbobuuuenm demepmunauuu K* . B xauectse Mepsl HHQOPMATHBHOCTH BPEMeHHOTO Psifia

2 -
YACTO HCTIONBIYIOT ero Aucrepctno. Kosddmment K - 5To oTHOmeHHe AMCHEpCHH TOH HaCTH BpeMEHHOTO
pAna oCHOBHOHM NepeMeHHOM, KOTOpas ONHCEBAeTCA MONYUSHHEM YpaBHeHHeM, K BEIOOpoTHOM AHCIepcHH 3Tol

nepeMenHoi. OH BHYHCIAETCS 10 (hopMyIe:
,  var(y)
R =—"—"*27,
var(y)
OueBHIHO, UTO IS AJIeKBATHOH Mofend KoadHITHEeHT JeTePMUHAITHN JOIKEH CTPEMHUTLCS K eJIMHHIE, TO €CTh:
2
K- —1.

3. Cymma keadpamos oulubok Modenu » e 2(k), 1o ects

N
SSE =Y [3(k) — y()]’,

k=1
hale J}(k) = aO + al)})(k - 1) + 512)})(]6 - 2) + blx(k) + bgz(k); y(k) — M3MEpeHI, N —
IUTHHA BHIOOPEH OUeBHIHO, YTO M3 BO3MOKHBIX KAHIWAATOB HEOOXOIMMO BHOHPATh TY MOAEINb, AMI KOTOPOH

2
E e (k) HMPUHHUMACT MHUHHUMAIBHOC 3HAYCHHC.

4. VHopopMauuoHHbID kpumepul Axatike (AlC). DToT  KkpuTepHit YUMTHIBAET CYyMMY KBaJIDATOR

OH_H/I6OK, HHUCIIO I/IBMGpGHI/If/JI N W HHCIIO OIEHHBACMEIX TIAPAMETPOB p .

N
AIC=NI|Ye* k) |+2p,
k=1

12
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rae p — HYHCIO OLCHCHHEIX TIapaMETPOB. OIICBI/I,I[HO, aTOo AIA ﬂqueﬁ MOOE I KpI/ITepI/Iﬁ HMEET MCHBIICE

3HAYEHHE, TIOCKONBKY OH 3aBHCHT OT cyMMEH kBaaparor onmbok (CKO). Ognako, kpome CKO nanHBIH KpHTEpHi
YUWTHIBAET JJTHHY BRHIGOPKH W THCIIO OTeHHBAEMBIX TIAPAMETPOB, UTO JienaeT ero Gonee HHOOPMATHEHBIM.

9. Kpumepud Laleca-Uleapya (BSC). HauHplil kxpuTepHil MOXoK Ha NpeIRAYINN, OTHAKO OH

YUHUTEIBAET JOIIOTHUTEIBEHO AIMHY BBI6OPKH C TIOMOIITBEIO YIICHA ]Il(N) ;

N
BSC=Nh|Y e’ (k) |+ pIn(N),
k=1
Ero HCTIONE3YIOT TIPH JJTHUHHBIX BLI60pKaX H3MEPHUTENILHBEIX JaHHBIX.
€. Cmamucmuka [lapbuda- Yomceosa (Durbin-VWatson)

Crarucrika JapOuna-Yorcona Beruucisiercs 1o dhopmyle:

DW =2-2p,
e [ — xosddHIMeHT KOpPelIsIMH MekIy 3Ha9eHIAMI clydaiHoil IepeMeHHO S(k) = e(k) , TO ecThb
P = COV[e(k)] = E[e(k)e(k — 1)] Bror napamMeTp TIOZBOIAET OTIPEEITUTh CTETICHB

KOpPpeIMpOBaAHHOCTH OIMHGOK MOJCITH. HpI/I NOJIHOM OTCYTCTBHH KOPPCIAIHA MEHY OIMHOKAMH Dll = 2 , TO

€CTh, B3TO Haubonee TIPHEMICMOE 3HAYCHNE JaHHOT'O TIapaMeTpa.

7. Cmamucmuka Quiiepa F, KOTOpada OIIpEAeIreT CTEIIEHD adeKBAaTHOCTIHI MOAEIIHN B IICJIOM. I[J'IH

El,[[ﬁIGSaTHOI‘/JI MOJCITH BEITIOIHACTCAH YCIOBHE!

F>F

Kpum:

rae kaum OIpeAeIACTCA TI0 TabIHIE aHATOTHIHO { — cTarHcTHEe. 3HAYeHHe F TIPOIIOPITHOHAIIBHO

R2 /(1 —Rz), e R2 — xoobdumment gerepmuHar TakuM ofpasom, GomblleMy 3HaueHmo [

COOTBCTCTBYCT Oomee dACKBAaTHAA MOACIE.

MNpumep nNocTpoeHUA MoAenu. PaccMOTpeHHYIO EBEOR METOLHKY IIPOILIIOCTPHPYEM IIpH

TIOCTPOSHUH MOAETH IIpoliecca Ha OCHORE BEIOOPKH JaHHEIX M3 120 m3mMepeHini Jnd mpenpapHTeIRHOMN OIEHKH
TIOPSAIKA aBTOPETPECCHORHON MO/IeH OBITH BEIIHMCIEHR aBTOKOPPETAINOHHAS M YaCTHAA aBTOKOPPEISIHOAHAS
dbyukiun. B peayinsrare wecneqoranmns AK® u YAKD yeraHoBIEHO Cleayionee:

1. AKD u HAKD SricTpo cXoAsres K HyJEBbIM 3HAUEHHUAM.
2. Teopermueckas AKD mporecca CKONB3ISIMIETO CPEJHErO MOPSAKA {f , TO €CTb, CC(q) , CIIamaeT K
HYIO TIpH 3HAYEHMH samasiemanms ¢, A Teopermueckas AKD mnpomecca AP(1) cnajgaer x Hymo

reoMeTpmieckl. B cooTBeTcTRuM co zHaueHMAMH AKD mporecc MomeT HMMeTh HOpATOK 6-8, UTO MAmo

COOTBETCTRYET JIEHCTBUTETBHOCTH.
3. 3navenma xosdduimenrop YAKD uMenn Takue HAUSHWA (I)l L= 0,609; (I)2 5 = 0,252. B

nenomM M3 aHanuza YAKD MOKHO cIenaTh BEIBOA, YTO TIOPAOK aBTOPEIPECCHH MOYKET TIPHHUMATE 3HAYeHUA 1
min 2. C jpyroit croponsl, ananuz AKD cBHIeTeNbCTRYET 0 TOM, UTO MOAelnb Mower ObTh AP(2) wim e

COJCPIKATE KOMITOHCHTEL ABTOPETPECCHH M CKONB3AIIETIO CPEIHETO.

13
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4. HeGonbmo# eibpoc AKD npu 3HaueHNH 3anazbiBanns 4 W ysennuenHoe 3Haueane YAKD mpu Tom
e 3HAYEHWH 3ama3/[BIBaHMs CBHIETENIRCTBYIOT © TOM, UTO CYINECTBYET BIHAHWE BXOAHOHW TlepeMeHHOH,
3a7epKaHHON Ha 4 TIepHo/Ia TUCKPETH3ATTHH U3MEPEHTTH,

M3 ckazanHOTO CleAyeT, 9TO A MATEMATHIECKOTO OTMcaHus TIporiecca HeoOXoauMO BOCTIO TH30RATHCS
mogernsio APCC(1,1) wnn AP(2). BosMoxkHO TOHAZOOUTECS BBEJIEHHE BPEMEHH 3anasjibiRanms, papHoro 4. B

T36J'[I/H_[6 1 TIpHUBEAS Hbl BAPMAHTHL OIEHHBAHMA HECKONBKHMX BO3MOMKHBIX CTPYKTYD pel"pGCCI/IOHHOﬁ MOHCITH.

Tabnuua 1.1.: BapnaHTbl OLLleHUBaHUA PerpecCUOHHON Moaernu

p=1, =0 p=2, q=0 p=1, q=1 p=1, q=14 |p=1, q=2

B0 0,011 0,011 0,012 0,011 0,012

(4,14) (3,31) (2,63) (2,76) (2,62)
a 0,618 0,456 0,887 0,791 0,887

(8,54) (5,11) (14,9) (9,21) (13,2)
a2 0,258

(2,89)
B, 0,484 -0,409 -0,483
(-4,22) (-3,62) (-4,19)
B -0,002
2
(-0,019)
B 0,315
4
(3,36)

RSS 0,0156 0,0145 0,0141 0,0134 0,0141
AIC -503,3 -506,1 5131 518,2 5111
BSC 4977 497.7 504,7 507,0 ~499,9
Q(12) 23,6(0,08) 11,7(0,302) 11,7(0,301) 4.8(0,898) 11,7(0,301)
Q(24) 28,6(0,157) 15,6(0,833) 15,4(0,842) 9,3(0,991) 22,6(0,749)
Q(30) 40,1(0,082) 22,8(0,742) 22,7(0,749) 14,8(0,972) 22,6(0,749)

B cxobkax ykasaHa t- cmamucmuka Ond oyeHoK Kaxdozo koahpuutieHma. lMpu smom 3a
Hynesy aunomesy ApUHAMO, Ymo OUEHKU pasHAIMcA Hymo. RSS (residual square sum) - cymma

keadpamos ocmamkos  (owubok  Modenu). Q(n) — cmamucmuka flbioHea-Bokca ong
asmoKoppenAayuL 1 ocmamxos oueHusaemoll Mmodenu. [ing 122 usmMepeHLl ocHOSHOL nepemeHHoLl
N /4 2 30. B cxobrax npusedeH yposeHs sHayLMocmu.

AHaNW3 TIONYIEHHBIX PE3YIRTATOB TTOIBOIACT CIENAaTh CleyTONTHE BEIBOEL
1. Onenka mogenn AP(1) TopTBepiIaeT pesyIbTaThl IpeArapuTenbaoro ananusy. Cratucruka JlioHra-

Boxca nns 12 3apepiaHHBIX 3HAYEHWE OCTATKOB WMMEET 3HAYeHMWe 23,6, 4 MO3TOMY MOMKHO OTKIOHHTE HYITh-
THTTOTE3Y, UTO Q =0 ma ypoBHE 3HAUMMOCTH 1%. DTO CBWACTENHCTBYET © TPHCYTCTBHH CYMIeCTBEHHOM

MOCNEIORATENLHO KOPPEISIIMK Mesugly olmnbkaMu Mojenw. Takum ofpazom, monens AP(1) He momer OBITH

HCITONB30BAHA JTA MATCMATHHCCKOTO OIMMUCAHA MCITIONE30BAHHOTO BPEMEHHOTO PAMA.
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2. W3 rtabmunel BUAHO, uro Mojens AP(2) WMeer NyuiiHMe CTATHCTHUECKHME XAPAKTEPUCTHKH TI0
cpapHeHmo ¢ Momenbio AP(l). Omenxn  kosd¢HUIHEHTOR MOmETH (Ctl =0,456, a, =0,258)
CYINEeCTBEHHO OTIMIAIOTCA OT HyNA Ha ypoBHE 1%, a KOpHH XapakTepHCTHISCKOTO Y PapHeHI HAXOIATCA BHYTPH

OKPYIKHOCTH €OMHHTHOTO pafuyca. SHaUeHIe Q - CTATHCTHKH CBHMACTCIECTBYET O TOM, UTO ABTOKODPEIIAIIA

MeWay OMHOKaMH SBISETCS CTATHCTHUECKH HECYNIeCTReHHOH, TO ecTh, HYJNb-THICTE3a Q =0
noareepicaaercs. Kpurepuit AIC umeer Menbiice 3nadenne st Mmogenu AP(2). B nenom momens AP(2) nyure
ANMpoOKCUMUpYeT psift uem AP(1).

3. Mogens APKC(1,1) wumeer nyurniMe crarucTHdeckue Tnokazatenn uem AP(2). 3uauenue

{ —crarneTHkn @A oneHoK kosddmmentos (14,9 n -4,22) CBHASTENLCTBYIOT O BHICOKOM KAaUeCTBE OICHOK.
Onenka @, =(,887 monowurenshas w GmMka K eMHWIE, a Q — CTATHCTHKA CBHICTENLCTBYET, UTO

ABTOKOPPEIAINA OCTATKOR He MMeeT CTaTHCTHUecKoH sHaummocTH. Kpurepun AIC um BSC Takke IOKaHIBAIOT
fonee BEIcOKOE KauecTBo Momenn APKC(1,1) mo cpaprenmo ¢ AP(2).

4. Ina Toro UTOOE BEIABHTL IIPHCYTCTRHE Rala3zAHBaHI Ha 4 TepHoa AHCKPETH3AIlM, B IIPOOHYIO
MOZEINE CKONB3AMIETO CpeIHero BEeleH NOTIOTHIUTe IEHEIH wieH ¢ 3agep:xkkoil 4. To ecTh, IpoSHAd MOIeNE MMena

BN

yvik)y=a, +ayk -1 +ek)+pBek-D+p,ek—4).
OTMeTHM, UTO HMEHHO TWIeH B 48(]( — 4) IyqIne OIMICEEaeT dhdekT 2ana3abRaHi ([IPH eT0 HATMIHKT) YeM

aBTOpel'peCCHOHHBIﬁ qlI¢eH a4 y(k — 4) . UneH CKONBRAMIET0 CPEOHETO TOUHEE OINICHIBAET TaKIe BCI)CI)GKTBI TeM

aproperpeccHoHHEH. Bee xoapdmmentsr Momemn APKC(1,(1,4)) ¥MeOT 2HAYMTENBHYIO CTATHCTHUECKYIO
3HAYAMOCTE ¢ — CTATHCTHKAMM, paBHLIMH 9,21, 362 1 3,36, cOOTBETCTBEHHO. Bcee 3HAYEHHS
Q — CTATHUCTHKM BeChMa HE3HAUWTEILHEL UTO CBHOETENECIBYET O TOM, UTO ABTOKOPPEIAMA OCTAaTKOB
cratucTueckn Onmska K Hymo. Kpurepuun AIC n BSC Takike MNOAJEPHKHUBAIOT MPEUMYIIECTBO MOHEIH

APKC(1,(1,4)).

5. Jns xoaddumenTa B , B TIOCIeHeH pacemoTpenHoii npoHoit mopemn APCC(1,2) { — cratncrika

WMEET JIOCTATOTHO HI3KOE 3HAYEHHE, UTO JaeT OCHOBAHHS JUIS WCKIIOUEHWS HTOH MOJIeTH W3 AanbHeHIIeTo
PAacCcMOTPEHHS.
CreayroIymM IaromM MeceIoBaHms JaHAOTO TIporiecca MOKeT OBITh TECTHPOBAHNE BPEMEHHOTO psifla Ha

TeTEPOCKCHACTHHIHOCTE, TO €CTh, OIIpeJeIeHHe CTAMOHAPHOCTH JUCTISPCHH P3IA.
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