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B pabote paccMOTpeHBI HEKOTOpBIE METOABI, MPUMEHSIEMBIE IS MPOTHO3a
BpEMEHHBIX PsiioB. OCHOBHOE BHUMAHWE YAEJEHO JIOKAJBLHBIM METOAAM, Pa3pa-
O0OTaHHBIM B paMKax HEJIMHEWHOW AMHAMUKU. [locTpoeHa o0Iias MaTeMaTHKO—
CTaTUCTHYECKas MOJAETh JIOKAThHOMW ammpokcuMari. OHa MO3BOJISET eIHHBIM
00pa3oM omnucaTh BCE OCHOBHBIE BApUAHTHI, OCHOBAHHBIE HA IPUHIUIIE JIOKAJIb-
HOU amnmpOKCUMAITIH, a TaKXKe HEKOTOpEIe pyTHe pOACTBEHHBIE METOAEL. B pam-
Kax MOJIEJIH YJIA€TCsl MOJIYYUTh aHAJIMTUUECKUIA BUJI PELIEHUS 3a/1a4d [IPOrHO3a U
B HEKOTOPBIX CIyJasx 3apaHee OIEHHTh BO3MOXKHYIO OIIMOKY IPOTHO3a U aCHM-
MTOTHYECKHE CBoiicTBa pemeHus. [Ipr 3TOM CTaHOBHUTCS BO3MOXHBIM 000CHOBAaTh
BEIOOp BapwaHTa METOJIA JIOKATBHOM alMPOKCUMAITIH B 3aBUCHMOCTH OT YCIIOBHIA
KOHKPETHOU 3aJja9dl W XapaKTepa UCXOTHBIX JTaHHBIX.

1. Bsenenme

Haunnas ¢ pabor I'Xaxkena [1] n W.IIpuroxwuHa [2], B KOTOPBIX OBUIO MOKA3aHO,
9T0 B OOJIBIIOM KJIACCE€ CHCTEM MOTYT BO3HUKATh PE3KHE MEPEXOAbI, TUCTEpe-
3WC, TTPOCTPAHCTBEHHO—BPEMEHHBIE CTPYKTYPHI U JETEPMUHUPOBAHHEIA Xa0C, U
JIO CErOJHSIIHET0 MHS WHTEPEC K HEIMHEHHBIM SIBICHHUSIM MOCTOSHHO PAcTeT.
On 00ycCITOBIEH IIMPOKAM pPacIpOCTpaHEHNEM HENTMHEHHBIX SIBJICHHUH, KOTOPBIE
HaOJIFONAIOTCS IPAKTHYECKU BO BCEX 00JIACTSX HAyKH.

Kaxk mokazaim TeopeTHIecKre 1 SKCIIepIMEHTaTbHBIE HCCIIEI0BaHNS, HECMOT-
psl Ha TO, YTO HEJIMHEHHBIE CHCTEMBI MOTYT 3HAYUTENIFHO OTIMYATHCS B KOHKPET-
HBIX TIPOSIBIICHMSIX W JETAJISIX OTHCAHUS, CYIIECTBYIOT TITyOOKHE aHAJIOTHH B HX
opranm3anui u (QyHKIHOHHpoBaHHH. C OFXHOW CTOPOHBI, TaKOH BBIBOA IpEO-
IpeAenl UHTepec HccienoBareneil K HeIMHEHHBIM TUHAMUYECKUM CHCTEMaM
U TIOTBITKAM UX efuHOro omucanusa. C Apyrofl CTOPOHBI, ENbIH pSa uaeld u
METOZIOB, pa3pabOTaHHBIX M3HAYAJBHO B paMKaX TEOPHU Xaoca W HENHHEHHOH
JMHAMUKH, CTaJM OOIIe3HAYMMBIMH, BBIHAS JajeKo 32 PaMKH JOCTaTOYHO CIIe-
IIIATA3APOBAHHBIX AUCTIUIIIHH.

Hawmbosee SIBHO cBSI3b MEXIy TEOpHEil Xaoca U peaTbHBIM MHPOM TIPOSIBIISIET-
csl TIPY aHAJIN3€ BPEMEHHBIX PsIIOB HA OCHOBE ITOJX0/I0B HETMHEWHOH THHAMHKH.



ITpuMephr Xa0THIECKOTO TTOBEIeHNs OBLTH 0OHAPYKEHBI BO MHOTHX 00JIacTsX Ha-
YKH, BKITIOUasi OMOIOTHIO, (PU3HOIIOTHIO, METUIINHY, T€0- B aCTPO(H3HKY, a TakxKe
B COIMAIBHBIX HayKax U (huHaHCaX. BciemcTBre 3TOTO 37€Ch B IEPBYIO 0Yepenb
HAIUIM CBOE MPUMEHEHHE METOJBI MTPOTHO3a BPEMEHHEIX PSIIOB, pa3pabOTaHHEIE
B paMKax HEJMHEWHON TUHAMUKH. DTH METOABI UMEIOT Psif MPEHMYIIECTB Me-
pen CTaHZAPTHEIMU QJITOPUTMAMH TIPOTHO3A TIPH MCCIIETOBAHNN KBA3UIIEPHOIN-
YECKHMX M Xa0TH4YeCKHX cucTeM. HenmuueltHas TuHaMUKa, €CTECTBEHHO, HE MOXKET
pEmuTh Bce MpoOIeMbl aHAT3a BPEMEHHBIX PSIIOB, HO HA €¢ OCHOBE OBLI pa3pa-
60TaH HOBEIM HAOOp AITOPUTMOB U METOJOB MCCIIEIOBAHUS BPEMEHHBIX PSIOB,
CO3/IaH HOBBIH SI3BIK, ITO3BOJISIONTHN (OPMYTHPOBATH 3aaul aHaJI3a ¥ IPOTHO3a
BPEMEHHBIX PSIIOB M METOJBI UX PEIICHHUSI.

B Hacrosmied paboTe paccMOTpPEHBI HECKOJIBKO TPHMEPOB HCIIOJIB30BAHMUS
METO/IOB HENMHEHHON NIMHAMUKK JUISI TPOTHO3a BPEMEHHBIX PSIOB pa3ind-
Hoi mpupoasl. Ocoboe BHUMaHUE YIENAETCS JIOKAaIbHBIM METOAaM: MOAPOOHO
OTIMICaHBl aJTOPUTMBI, JTaHAa KITacCH(HUKAIMS W IOCTpOEHa o0mas MaTeMaTHKO-
CTaTUCTUYECKass MOJENIb METOAOB JIOKAIBHOW aNmpoKCUMAalnu, 00beTHHSIOmas
BCE OCHOBHBIC BAPHUAHTHI H MOTU(PUKAIIIH.

2. MeToAbI MPOrHO3a HEePeryISPHBIX BpeMEHHBIX PSAI0B

Omnpenenum Kpyr paccCMaTpUBAEMBIX METOJIOB. AHAJIN3 PE3yIBTaTOB JIFOOOTO 3KC-
MEPUMEHTA HAYMHAETCS ¢ 00pabOTKM MOTY4YEHHBIX JaHHEIX. BO MHOTHX cirydasx
3TH JaHHBIE TIPEICTABILIOT COO0M BPEMEHHbIE PSIBI — PACIIOIOKEHHBIE B XPO-
HOJIOTHYECKOH MOCIIeIOBATEILHOCTH 3HAUEHHST OJHOMN FIIM HECKOIBKHAX H3MEpsi-
embIx BenmuuH. Croco6 00paboTKH 3aBUCUT OT HAJIMYHS MOIETIH UCCIIELyeMOU
CHCTEMEI JIH0O Hpe,HCTaBJICHI/Iﬁ O MOBCACHUUN U3MECPSACMBIX BCJIMYMH. Ecmu Tta-
Kasi MOJIEJIb €CTh, TO 00paboTKa psiga CBOIUTCS 100 K KaueCTBEHHOH MPOBEpKe
COOTBETCTBHS HAOIIOAAEMOTO TIOBEIECHUS MPEICKA3aHNIO0 MOJIEIH, JH0O0 OIEHKN
napameTpoB 3TOM MOZC/IM 110 JaHHBIM J3KCHICPUMCHTA. COOTBETCTBEHHO U 1po-
THO3 M3MEHEHUS PErHCTPUPYEMOi BEJMYMHBI MOXKET JEeNIaThCsl Ha OCHOBAHWH
HUMEIoUIecs MOJEIIN.

CoBepIIeHHO WHas CHUTYaIlus BO3HHUKAET, €CJIM OTCYTCTBYET aJeKBaTHas MO-
JIeTh TIOBEJCHIUS HaOMI0AaeMOl BeTMINHBI WK €€ B IMIPUHIUIE HEBO3MOXKHO I10-
CTpouTh. B 3TOM ciTydae [yt IpOTHO3a JUHAMUKH HAaOTI0aeMOH BETMIMHBI Tpe-
OytoTcs cnenuanbHble MeToabl. HekoTopble n3 HEX OyIyT pacCMOTpPEHEI JaJee.

Hanmawe GONBIIOTO YMCTa CHCTEM, JUIST KOTOPBIX MOKa OTCYTCTBYIOT ajie-
KBaTHBIE MOJENH, HO B TOXKE BpPeMsI HEOOXOAMMO NPOTHO3UPOBATh M3MEHEHUS
[IapaMeTpoB (B IEPBYIO OYEPeb ITO OTHOCUTCS K 00sacTH (PUHAHCOB), pasyMeeT-
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cs1, IPUBETIO K pa3paboTke pa3sHOOOPa3HBIX METOMOB KCTpanonsaun. Hactosmas
CTarbs HEC MPETCHAYCT HA TOJHOTY MU3JIOKCHUSA UX AJITOPUTMOB U OAXKE MEPEUYNC-
JICHHE caMUX METO/I0B. BHHMaHue npexae BCero yaeneHo MeToaM, paspaboTan-
HBIM B paMKax HEJIMHEHOU JUHAMUKHU C AKIICHTOM Ha JIOKAJIbHBIC MCTOIBI.

IepBeivu ObUTH pa3paboTaHbl TII00ATBHBIE METOABI, TIOATOMY PACCMOTPEHUE
HAQYHECM MMCHHO C HUX.

2.1. TIno6anbHBIE METOIBLI

Jlenenne MeTo10B Ha TIIOOAIBHBIE M JIOKAJIBHBIE POBOIMTCS IO 00IACTH OTIpEe-
JIEHWsI TTapaMeTpoB ammpokcumupyomei ¢gynxnuu [3]. B mmobGansHeIX MeTOnax
TMapaMeTpsl AMMPOKCHMUPYIONIeH (QYHKIMHA HACHTHGUIMPYIOTCS TOCPEICTBOM
UCTIOJIB30BAHUS] BCEX M3BECTHBIX 3Ha4eHUH psina. OCHOBHOE MPMIIOKEHNE TAKUX
METOZOB — MOJyYeHHE TITOOATBHBIX XapaKTePHCTHK cHCTeMBI. IIpm 3ToM mpo-
THO3UPOBAHUE €CIM U HEOOXOIMMO, TO TIIaBHBIM 00pa3oM KakK JOMOITHUTENbHAS
napopmarms. OMHEM W3 TTOXOIOB 3/IECh SIBIISIETCS] UCIIONB30BaHUE aBTOpErpec-
CHOHHBIX MOJIETIeH.

2.1.1. ABroperpeccusi

MeTosl, OCHOBaHHEIE Ha aBTOPETPECCHH, YK€ JOCTATOYHO JTABHO NMPHMEHSIOTCS
B CTaTUCTUKE, YKOHOMUKE W METCOPOJIOTHH. X OCHOBHAs €S — BBIPAKCHHE
CIIEAYIOMHNX 3HAYCHUN psfa depe3 mpeaslaymue. BeposTHo, 3TO MpaKTHIeCKH
CIMHCTBEHHBIA CITOCO0, KOTOPBI MOXHO HCIIOIb30BATh B CHTYaI[MH, KOTJA HH-
Kakoi Jpyroil mH(OpMAIUU O CHCTEME, KPOME 3aKIIIOUCHHON B TMPEIBLIYIINX
3HAUCHUSX Psija, HET.

JIunelinasi MOZIENTb aBTOPETPECCHH TIOPSIKA P UMEET BHI:

Tpp1 = 1 T¢ + QoTp1 + - -+ QpTy_pi1 + Eg1 s (1

IJ€ @i, . . ., G — HEKOTOPBIE HOCTOSHHBIE KOI(DOULUEHTEL, T.€. HIAPAMETPBI MO/IE-
s, {& } — MoCIe0BaTeNbHOCTD CITyYaiHbIX BEJINUYHH, 00pasytomiast Geblii nrym,
U T, — 3Ha4EHHUE psaja Ha mare . Moaenb aBTOPErpecCuy MOpsIKa P OTHOCHTCS
K KJIacCy JIMHEHHBIX IapaMETPUUECKUX MOJEIIEH.

Wnentuduxanys MOAEIN BKIIOUAET B C€0sl CTATUCTUUECKYIO OIEHKY €€ Ia-
pPaMETPOB, OCHOBAHHYIO HAa PEUIEHWH CUCTEMBl JMHEHHBIX ypaBHeHHH FOma—
Yoxkepa [4], cBs3bIBAIOIMX MEXIYy CO0ONM HEU3BECTHBIE MapaMeTpbl MOJEIH U
ABTOKOPPEISILIUY aHATM3UPYyeMOro psiaa. [Ipu 5ToM OIeHKH apaMeTpoB MoJTyda-
I0TCS TTI00AJTFHBIMH, T.€. €AMHBIMH IS BCeTo psiaa. OTHAKO Mpexkie YeM OIEHUTh
camu TapamMeTphl B paMKaxX WICHTH()UKAIIMA MOJENTH, HY)KHO OMpPEIeTHTh KOJH-
YECTBO 3TUX MAPaMETPOB, T.€. BRIOpATh MOPSIOK aBToperpeccud. OOBIIHO BHIOOD
OCYIIECTBIISIETCS TI0 BUAY YaCTHOI aBTOKOPPEISIMOHHOM QyHKIHH (cM. [5]).
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IIporro3mpoBaHue ¢ UCTIONB30BaHUEM aBTOPETPECCHOHBIX MOIETIeH, KaK Ipa-
BHWJIO, CBOJIMTCSI K PEKYPPEHTHOMY pacyery 3Ha4eHWH psijia, CIEAYIOLIHMX 3a MOo-
CJIETHUM H3BECTHBIM 3HaueHHeM 1o ¢opmyie (1).

B ciydasx, TpeOyrommx ObICTPOTO OOHOBJIEHHS MPOTHO3a HA OCHOBE BHOBH
NMOCTYNUBIINX JAHHBIX, MCIIOJIB3YIOTCSA aJallTUBHBIC METOJAbI ITPOrHO3a. K #um
OTHOCHUTCSI, HATIPUMEP, METOJ IKCIIOHEHIIMAIBHOTO CTIaXuBaHus (Meton bpay-
Ha) [6]. Cienyst emy, KaXJIOMYy 3HAUEHUIO psjia B MPOIECCE UACHTU(PUKAIUN
MOJIEJTH IIPUCBAUBAETCSI BECOBOH KOAPPHUIIMEHT, SKCIIOHEHIIHATIBHO yOBIBAIOIINI
CO BPEMEHEM, OTJIEJISIFOLIMM JTO 3HAYEHHE OT MOCJIEAHEr0 U3BECTHOIO 3HAYCHUSI
psina. Takum 0Opa3zoM, camble “cTapble” 3HaUYEHUS PsIa NPAKTHIECKH HE BIUSIOT
HA PE3YJIbTaThl MPOTHO3a, TOTA KaK MOC/ICIHUE W3BECTHBIC BEJIMYMHBI UMCIOT
HanOOJIBIINI Bec. TeM CaMBIM 3TOT METOM MPHOIMIKACTCS K JIOKAIEHBIM METO-
JlaM, TaK KaK OCHOBHOW BKJIa][ TPH IPOTHO3E JACT JIUIIb HEOOJIbIIAst YaCTh CaMbIX
TTOCJICTHIX TI0 BPEMEHH 3HAUCHUU psiia.

OpHaKo 3aMeTHM, YTO B JIOKAJBHBIX METOMaX, KOTOPhIE PACCMaTPUBAIOTCS B
CIIeNTyIOIIeM pasfiesie, Ul TIOCTPOSHNUS TIPOTHO3a TakKe BHIOMpAroTcsl Hanbouree
OMM3KIe 3HAYCHUS K MOCIIeTHEMY M3BECTHOMY 3HA4YCHUS psima, HO 3Ta OIM30CTh
OTIpEJIEIISIETCS HE TT0 BPEMEHH.

Mertozst aBTOpErpeccun pa3paboTaHbl Hanbolee TIIATETFHO W IPUMEHSIOTCS,
KaK IPaBWIIO, B IPUKJIATHBIX 33a7a9ax (CM., HarpuMep, [7-9] u npuBeeHHBIE TaM
ccputkn). OHU peaNn30BaHBI MIPAKTHYECKH BO BCEX MPOTPAMMHEIX TaKeTaX CTa-
THCTHYECKOH 00pabOTKM JaHHBIX. [10 3THM MpUYMHAM MBI HX HE pacCMaTpHUBAaEM,
a OIHIIEM OJUH U3 JIOCTATOYHO HOBBIX M 3()(PEKTHBHBIX TIIOOATHHBIX METOIOB —
TaK Ha3bIBAEMBIN CHHTYISPHBIN CTIEKTPaIbHEIA aHAIH3.

2.1.2. CHHIYyJISpHBIH CHEKTPAJIbLHBIH aHAJIN3

MeTon CHHTYISPHOTO CIIeKTpabHOTO aHanmu3a (SSA) mmeer crporoe o00CHO-
BaHWE B PaMKaxX TEOPUH NUHAMHYECKHX CHCTEM M HCIIOJIB3YETCs ITIaBHBIM 00-
pa3oM sl OIpeNIeIeHus] OCHOBHBIX COCTABIISIONINX BPEMEHHOTO Psiia, a TaKKe
nopasiieHus myma [10-12]. OgHako cyniecTBYIOT OCHOBAHHBIE Ha 3TOM METOJIE
OpUTHHAJIFHBIE aJITOPUTMEI TIPOTHO3a [13], a Taxke MPOTHO3BI IO METOLY aBTO-
perpeccum.

B ocuoBe SSA, kak, Bpouem, 1 00JIBIIMHCTBA TIOAXO0A0B, CBSI3aHHBIX C 00pa-
OOTKOU BPEMEHHBIX PSIOB {1, ..., 2y}, SBHO M HESBHO JIEKUT MOCTPOCHHE
MHOXKECTBA BEKTOPOB 3ajiepxkek [14]:

Xp = (T 201 - xtprrl)Tv t=pp+1,...,N. 2)

Merop 3anepkeK, HOCPEIACTBOM KOTOPOrO CTPOSITCS yKA3aHHbBIE BEKTOPBL,
YCTaHABJIMBAET Hepexo] 0T HCXOJHOI0 OZHOMEPHOTO (CKAJIIPHOI0) BPEMEHHOTO
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psiza K MHOTOMEPHOMY (BEKTOPHOMY) IIPEICTABICHUIO, CXOMHOMY € IpHUMEHse-
MBEIM B aBTOperpeccud. IIpm A3TOM KaXJIblii MHOTOMEPHBIH BEKTOp 0Opa3yercs
U3 HEKOTOPOTO YHUCIIA P CIEMYIOIUX APYT 3a APYrOM 3HAYEHHI HCXOJHOTO Bpe-
MEHHOTO psina. Pe3ymbrat MOXHO TpeACTaBUTH B BUae Habopa “dororpadmit”
psija, CAEJIaHHBIX YEPe3 CKOJIb3SLIEE BJOJb Psiia OKHO, B KOTOPOE OJHOBPEMEHHO
TOTIAIaeT JINMIE P TOCIEAOBATEIBHEIX 3HAUCHUH psiza:

Tp+1 Lp+2

TN
Tp Tp+1 [ . —I
Xpx(N-pt1) = SR
T9 T3 N—p+2
I i) IN-p+1
! Ty IN=p

3mech Kaxmas KBaJapaTHas CKOOKa — BEKTOpP B p-MEPHOM IIPOCTPAHCTBE 3a-
JIEpKEeK; MOCIIeIOBATeIbHOCTh TaKUX BEKTOPOB 3aJaeT MaTpHUIly HaOroneHwid
X px (N—p+1), Te [N — YHCJIO 5]IEMEHTOB HCXOTHOTIO Psifia. DTa MaTPHIIA, B KaXKIOM
CTOJIOIE KOTOPOH CTOSAT YaCTH OJHOTO M TOTO XK€ Psia, CABUHYTHIE APYT OTHOCH-
TENBHO JpyTa, U OyIeT MHOTOMEPHBIM IIPENCTABICHUEM HCXOTHOTO CKAJISIPHOTO
psiza B MpoCTpaHCTBE 3anepxek. OHa HA3BIBACTCS Mampuyell 3a0epiicex.

OcobeHHocThI0O SSA sBseTcsl 00pabOTKa MaTpHIBI X IO aJTOPUTMY, OJTH3-
KOMY K METOJly IVIaBHBIX KOMIIOHEHT [ 15]. Micnionbs30BaHue 3TOT0 aJITOPUTMA SIBJISI-
€TCsl OCHOBHBIM TOJIOXKEHHEM SSA, OTIIMYAIOIINM €r0 OT APYTUX METOIOB HEJIU-
HEHHOM JMHAMMKH, IPUMEHSAEMBIX I aHAJIU3a U IPOTHO3a BPEMEHHBIX PSB! .

CyTb MeTO/ja TVIaBHEIX KOMIIOHEHT COCTOHT B CHIDKEHUH Pa3MEPHOCTH HCXO-
HOTO IIPOCTPAHCTBA (haKTOPOB (y HAC 3TO MPOCTPAHCTBO 3aEPKEK) IOCPEICTBOM
nepexoma k 6onee “mH(MOPMATHBHBEIM™ TEPEMEHHBIM (KoopawHaTam). Ilomyden-
HBIE TaKIM 00pa3oM HOBBIE ITEpEMEHHBIE M Ha3bIBAIOT TIABHBIMH KOMITOHEHTaMH.
OTOT MepPexo]] OCYIIECTRISETCS C MOMOIILI0 OPTOTOHAIBHOTO JIMHEHHOTO IMPeod-
pa30BaHMUS.

I'maBHBIE KOMITOHEHTHI OOJTaafoT MHOTHMH Ba)XKHBIMH cBoiicTBamm. B SSA
MOoJTydJarolieecs pa3ioxKeHNe UCIOIb3yeTCs ISl BBLAEICHUS Hanbosee 3HaUMMbIX
COCTaBJISIONINX Psia U OTCEBA CITYYANHBIX BO3MYIIEHUH. [I[pIMeHeHrne 3TOTo Me-

B meTonax nokanbHOl ammpOKCHMAITHH, PACCMATPHBAEMBIX JIaJIee, TAKKE BOIMOXKHO TIPHME-
HEHHE METO/Ia IVIABHBIX KOMIIOHEHT, HO JIHIIb JIsl 00pabOTKK OTAENbHBIX CTONOIOB MAaTpHIEl X,
BBIOPAHHBIX B COOTBETCTBHHU C OLPEIENICHHBIM KPUTEPHUEM.
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TOJA MO3BOJISET CIIAAUTh MCXOMHBIA Psll, CHU3UTh YPOBEHb CIIy4aliHBIX BO3MY-
IICHUH, TOBBICUTH OTHOIIECHUE CUTHAJI/TITYM.

Peanmu3zamuss BO3MOXKHOCTH TPOTHO3MPOBaHHUS Ha 0a3e SSA ocCyIecTBIsIeT-
csl IByMsI OCHOBHEIMH criocobamm. TlepBenii mmeer cobctBeHHoe Hazpanue “Ty-
cenuna” [13] u ucnonb3yer crnenuduueckue 0COOEHHOCTH SSA—pa3jIoKeHUsI.
Bropoii [10] npenycMarpuBaeT UCIIOIB30BaHUE /TSl IPOTHO3UPOBAHMS METOJL aB-
TOPETPECCUH, KOTOPBIH MPUMEHSIETCS IO OTAEIBHOCTH K KaX10H W3 BBIOPAHHBIX
KOMIIOHEHT Pa3JIOKECHUS.

B xauecTBe mwiurocTpaLUu pacCMOTPUM [JBa IIPUMEPA, B KOTOPBIX METOJ SSA—
“I'yceHnIa” IpUMEHSIICA ISl IPOTHO3UPOBAHUS BPEMEHHBIX PSIOB.

0.60

0.50
)

0.45

0.40 1 y . \ v v
Jan 99 Jul 99 Jan 00 Jul 00 Jan 01 Jul 01 Jan 02

Puc. 1: ®axTudeckas AUHAMHKA, PEKOHCTPYKIIUS U IMPOTHO3 OTHOIIEHUS TOBAp-
HBIX 3aI1acOB K IIPOJIaKaM TOBApOB JUIHTEIRHOTO mojb3oBanus B CIIA [16].

IlepBsiii mpumep B3sT U3 paboThI [16] 1 IEMOHCTPUPYET BO3ZMOKHOCTU METO-
Jla JUTS TIPOTHO3a BPEMEHHOTO Psiia OTHONIEHMST TOBAPHBIX 3aITacOB K MPOAaxaM
TOBAPOB JJIUTCIILHOT'O 1TOJIb30BAHUS B CLIA. I[J'DI TOCTPOCHUA MCIOJIB30BAJIUCH
MECSIYHBIE TAaHHEIE 32 Iepuoz ¢ stHBapst 1981 roga mo despans 2000 roga BKITIOIH-
tenbHO. [Iporno3 crpowmics Ha nepuos ¢ mapra 2000 rona g0 ¢pespais 2002 roga
W 3aTeM CpaBHUBAICS C (PAKTHUIECKUME JAaHHBIMHU (HO TOJBKO 1o (heBpans 2001
rozaa). Pesynprar nporuosa wuttoctpupyer puc.l. Toukamu nokas3ansl dakTuie-
CKHe 3HaYeHUS OTHOIICHWS, CIUTONIHOW JIMHUEH — pe3yNbTaT PeKOHCTPYKITNH U
IITPUXOBOU — MPOTHO3. BHUIHO, YTO BCe JBEHAANATh MPOTHO3UPYEMBIX 3HAUYCHHUI
OKa3aJIUCh JOCTATOYHO TOYHBIMHU, OCTAJIHbHEIC HA MOMEHT HaITUCaHUS paboThI [16]
COIIOCTAaBUTH ¢ (DAKTUUECKUMHU JTaHHBIMHA OBUTIO HEBO3MOXKHO BBHIY OTCYTCTBHS
TIOCTICTHHX.
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Bropoii npumep cBsi3aH ¢ TPOrHO3NPOBAHIEM COITHEYHOM aKTHBHOCTH, Xapak-
TepuzyemMoii 3HaueHnsIMu uncen Bomwda [11]. ITporrnos Ha 18 neT, T.e. mpuMepHO
Ha 1ojiTopa | 1-JIeTHUX COJHEYHBIX IUKJIA OKA3aJICsl BECbMa TOUHBIM (CM. puc.2).
OH ObUI BBITIOJIHEH 110 TOMY K€ MPHHIIMITY, YTO W B MPEIIIECTBYIOIIEM MpPUMe-
pe, T.e. nocneaune 216 3naueHuit psga (12 mecsmeB X 18 jmer) — Ha pucyHke
OHH OTJIEJIEHBI BEPTHKAIBHON JIMHWEH — HE YYHTHIBAIMCH MTPU PEKOHCTPYKIIUH
psifa ¥ IOCTPOCHUH MPOTHO3A, a MCIOIB30BAINCH TOJIBKO IJISI OIIEHKH TOYHOCTH
IIPOTHO3A.

2500 -
2000
1500 [~
1000 [~

500 -

1950 1960 1970 1980 1990 2000

Puc. 2: TIporno3 no meroxy SSA—“T'ycenniia” u peajbHbIe 3HAYCHUS Yrcen Boib-
(ha, XapaKkTepu3yIOIINe COTHEUHYIO aKTHBHOCTh. BepTukaibHas TMHHS OTIETsIeT
Hayajo nporHosa [11].

2.2. JloxkaJbHBIE METOAbI

JloxanbHBIE METONBI TPOTHO3a, OCHOBAHHBIE HA MPUHIIMIE JIOKATBHOW ammpox-
cumanuu (LA), IMEIOT IPEUMyIECTBO IEPE OCTAIPHBIMUA METOJIaMU HCCIIENO0-
BaHWS W IPOTHO3a BPEMEHHBIX PSAIOB B 3a7a49axX, CBSI3aHHBIX C MPOTHO3MPOBA-
HUEM Hepe2ylapHbiX (Xa0THUECKHX, KBa3UIEPHOANIECKUX) paaoB. [Tpunim LA
mpeanoxeH Brepssie B pabore [17]. Ero mpumenenne He TpeOyeT ampHOpHON
nHQOPMAIMK O CHCTEME, IOPOAUBIICH BPEMEHHOU psil, U HET HEOOXOAUMOCTH B
MOCTPOEHNH CTIEIM(UIECKON MOENN JUHAMHUKH HCCIeyeMoro psina. Ilpu stom
BO3MOXKHOCTB HCHOJIB30BaHMs LA /17151 IPOTHO3UPOBAHHS HEPETYIISIPHBIX BPEMEH-
HBIX PSIOB ONpezerseTcs 6a30BbIM IPHHITAIIOM, JIEXKAIINM B €r0 0CHOBE, T.€. JIO-
KaJBbHOCTBIO CTPOSIIIEHCS anmpoKCUMAaIuK. DTOT IPUHIIHII TOPa3yMEBAET OTKA3
OT SIBHOTO HWCIIONIB30BAaHUS JUISl TPOTHOZMPOBAHMS BceX (YK€ M3BECTHBIX) 3Ha-
YEeHUH psAAa W OTpaHMYMBACT WX YHCIIO JIMIIL HanOosiee ONM3KUMH B HEKOTOPOM
CMEBICTIE K CTAapTOBOM TOUKE, IOCIIe KOTOPOi HaunHaeTcs MporHo3. [1ox crapToBoit
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TOYKOH (CTapTOBEIM BEKTOPOM) ITOHUMAETCS MOCIIENHEE WIA HECKOIBKO MOCTe-
HUX U3BECTHBIX 3HAYCHUH psija.

IIpuMeHeHnE TOKATBHOM aIIPOKCHMAIIIH TTO3BOJISIET N30€XkKaTh TIaBHOM TIPo-
OJ1eMBI, BO3HUKAIONIEH TPY MPOTHO3MPOBAHUN HEPETYJISIPHBIX BPEMEHHBIX PSIJIOB
CYLIECTBYIONIMMH ITI00ANBHBIME MeTOo/IamMu (cM., Hampumep, [18-20]). Dta npo-
Onema cBsi3aHa C TPYTHOCTSMHU aJ€KBATHOTO ONMCAHUS JUHAMHUKH KBa3HITEPHO-
JIMYECKUX U XaOTHMUECKUX BPEMEHHBIX PSJIOB HA OCHOBE II0OAIBHOMN JIMHEHHON
Monenu (1). Beemenue B yKa3aHHYIO MOJIEbh HETMHEHHBIX WICHOB TPEOYET pe3-
KOTO YBEJIMYEHHs] KOJUYECTBA HMCXOJHBIX ITAHHBIX IS TOTO, YTOOBI IMOJIyYHUTH
YCTOUYMBEIE ONCHKH KO3()(HUITMEHTOB. B CBOXO OUepeb YBEIUUCHHUE KOJTIMUCCTBA
JIAaHHBIX O3HAYAET YBEJIMUYEHHE JIJTUHBI MHTEPBAja, HA KOTOPOM HMPUMEHSIETCS MO-
JIeTb. A UeM JUIMHHEee WHTEpBal, TeM OOJIbIIle TapaMeTpOB JOJKHO COIEPKATHCS
B MOJIEJIN, YTOOBI 00ECTIEUNTh €€ aJeKBaTHOCTh Ha BCEM MHTEpBaE (TOCIIEIHEE
B TEPBYIO 0Yepeab XapakTepHO IS pabOTHI ¢ SIKOHOMUUYECKUMU JTAHHBIMU).

Mopnens LA moImyckaeT HCIIONB30BaHUE BMECTO TIIOOAThHO—IIMHEWHOU arl-
MIPOKCUMAIINH KyCOUHO—TMHEHHOTO MpuOImkeHus. [Ipu ToM BUJ ypaBHEHUS MO-
JIENTH OCTAaeTCs KaK TMPAaBHJIIO JIMHEHHBIM THIIA (1), HO eTo mapaMeTphl MoJIararTcs
HEM3MEHHBIMHU JINIIb B ONMKalIell OKPECTHOCTH CTApPTOBOTO 3HAYCHHUS, TPUIEM
OIM30CTh OTpefieNsieTcs He BO BPEMEHH, a B MPOCTPaHCTBE 3anepxek [14].

Hambomnee BaxxHBII pe3yNbTaT mepexoia oT TIT00aTbHON allIpOKCHMAIINH K J10-
KaJIbHOU MIPH MPOTHO3UPOBAHUU JOCTATOYHO JUIMHHBIX XaOTHYECKUX BPEMEHHBIX
PSIOB COCTOUT B TOM, YTO JJIMHA MIPOTHO3a OTPAaHUYUBAETCS B MEPBYIO OUEPENh
HE BO3MOXKHOCTSIMH MeTo/1a (KaK ITpH II00aTbHOM alllIpOKCUMAIIHHT ), & JIUIIb 0CO-
OEHHOCTSIMH TUHAMUKH PsIZIa.

IIpunHuum JIOKaIbHOH alIpOKCUMAIUH JIET B OCHOBY LIEJIOTO KJlacca METOOB
MIPOTHO3a BPEMEHHBIX PsIIOB (JIOKAJIbHAS AIMPOKCUMAITUS TIPUMEHSITCSI HCKITIOUH-
TEJIBHO B LIEJISX IPOTHO3UPOBAHYSI JUHAMUKU Psd, a aHAJIU3 OCHOBHBIX 3aKOHO-
MEpPHOCTEH OCYIIECTRISIETCS, KaK IPaBUIIO, IPYTUMH METOaMH, HarpuMep SSA),
pa3NnuYalonIuXcs croco0amMu MOCTPOEHUs MPOTHO3a M MPUMEHSIEMBIMHA MOJIEIs-
MU almpoOKCUMAIINY, HO COXPAaHUBIIMMH O0IIe€e HA3BaHUE MO OOBEAUHSIONIEMY
ux 6azoBomy npuHuny. Kitaccudgukanus 3tux MeTo10B OblIa MPEII0KEHA CAaMU-
MH aBTOPaMH MPHUHIIMIIA JIOKATBHOHN anmpokcumanuu [21], HO BOmpoc o BeIOOpe
ONTHMAJILHOTO METOAA (BapraHTa METOJa) PENIAeTCsl, KaK MPaBUIIO, SIMITHPUYE-
cku [22].

Huxe Mbl onuieM euHyI0 MOJIEIb, 00bEAMHSIIONLYIO BCE METO/IbI U BAPUAHTHI
JIOKAJIFHOM aNpOKCUMAIINN U TTO3BOJISIONIYI0 BEIOpATh HAHOOIIee ONTHMAITHHEII
BapHaHT C TOYKU 3PEHHS HMCIIOJB30BAHMSI JAHHBIX, TOYHOCTH M YCTOHYMBOCTH
MIPOTHO3a HAa OCHOBE aHAJIM3a KaXIOTO W3 METOHOB. Pa3paboTka eInHOTO airo-

16



pHUTMa pacyera 1o Jr000My U3 BapuaHTOB LA MOXET IIOMOYb B IIOMCKE CIIOCO00B
TOBBIIIEHNST TOYHOCTH TTOJTyYa€MBIX TIPOTHO30R (KOTZIa 3TO BO3MOXHO) W PaCIITH-
peHust 001acTH NpPUMEHEHHS MeTo0B Tuma LA.

3. OOmuii aAropuTM JIOKAJIHbHOMN anmpoKCHMALHA

B manHOI wacTu paccMaTpUBaeTCs IepBasi ¥ IIaBHAS 4acTh anroputma LA, ompe-
Jesdiomas crnocod MOCTPOeHUs NMPOTHO3a Ha OAUH IIAr IO BPEMEHH BIEpes.
Bo3MoXHOCTS IPOTHO3a Ha OOJBIIYIO JUTHHY OTHCAaHa HIKE.

3.1. IlocrpoeHue MPOrHO3a HA OJUH LIAT BIEpe]

ITpu anajiu3e BpEMEHHBIX PsAJIOB IVIABHOM 3aaueil sBJISETCS PEKOHCTPYKLUS 110-
POIUBIIEH ATOT PsI AMHAMUUeckoi cuctemsl [23,24]. B cooTBeTCTBUM ¢ Teopuen
Taxenca-Mamne [25,26] npuemiemoe onucanue (a30BOro IPOCTPAHCTBA JUHAMH-
YECKOM CHCTEMBI MOXKHO MOJYYHTh, €CIIH B34Th BMECTO PEajbHBIX IMEePEMEHHBIX
CHCTEMBI p—MEepHEIE BEKTOPHI 3aJlepKeK (2) U3 3HaYeHU psa B MOCIeI0BATEIh-
HBIC MOMEHTHI BpeMeHH [14,27]. TIpu BEIONHEHUA YCIOBUS p > 2d + 1, tne d
— pa3MepHOCTH BIOKEHHSI, BOSMOXXHO PEKOHCTPYHPOBATh (ha30BOE MPOCTPAHCTBO
(TTpOCTPaHCTBO COCTOSIHUIA) cucTeMsl [26]. IIpy ycIoBHM CTallMOHApHOCTH Bpe-
MEHHOTO psijia Ha 0a3e 3TOil peKOHCTPYKITNH CTPOUTCS MIPOTHO3 €T0 JalTbHEeHIIen
JIUHAMUKH.

I'maBHAs po6neMa, BO3HUKAOIIAS TIPH UCTIONE30BAHUN MHOTOMEPHOTO TIpE/T-
CTaBJICHUS BPEMEHHOIO Dsiia B BHUJAE MaTPULBl 3aJEpKEK, — ITO OIpenee-
HUe BenwuywHHE! p [3,28]. Ha ceromHsantamii AeHh HanOoJiee YacTO HCIOIb3ye-
MBIM QJITOPUTMOM [T OLIEHKHM BEJIMYUHEI D SBISIETCS adropuT™ I paccbeprepa—
IIpokauumna [29,30]. OgHako u OH OKa3bIBaeTCcs HedD(HEKTHBHEIM Tpu paboTe ¢
kopoTkumu (10 10* Touex) BpeMeHHBIME psafamMu. Jpyrue MeToIbl TOXKE UMEHOT
CBOM HEOCTATKH: CIOKHOCTH PEaTH3alliy, OONbIIas JIUTEIHLHOCTh PAcUeTOB,
HEOHO3HAYHOCTH JINOO COMHUTEIBHOCTH Pe3yasTaroB [31]. B cBs3m ¢ »TuM Be-
JIMYMHA D, 3a UCKIIOUEHUEM MOJIEIbHBIX IIPUMEPOB, B KOTOPHIX OHA JIOCTOBEPHO
M3BECTHA, KaK IPABUJIO, ONPEAEIISETCS SMIUPUUECKU. [1aBHBIIA KPUTEPUNA B TOM
ciIydae — BBIOOD TaKOTO p, HaYMHAS C KOTOPOTO INPEKPAIaeTcs KadeCTBEHHOE
W3MEHEeHHE MporHo3a [32].

Huxe MBI onmieM OCHOBHBIE JTAlbl IOCTPOEHUS anropurma LA.

1. IocTpoeHne MaTpHIIBI 3aiep:KeK H BHIOOP JIOKAJILHOIO NPeCTABICHHUSA
[lepBBIM mIarom Kak anropuT™a LA Tak ¥ ApyruxX METOAOB aHAJM3a BPEMEH-
HBIX PSZI0B, OCHOBAaHHBIX Ha IIPUHIUIAX HETHMHEHHON TUHAMUKH SBIISIETCS METOT
3anepxkek [12, 14]. B pe3ynbsrare ero mpuMeHEHUs] CKAJSIPHBIA BPEMEHHOH psI,
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conepxkamuid N 3Ha4eHUH HaOI0MaeMOi, TIPEeBpaIaeTCcs B MaTPHITY 3aJI€PIKEK:

Ip :Ep+1 .. TN
{w1, 29, 2N} — Xpx(N—p+1) =
T2 T3 ' TN-p+2
Ty T2 TN-p+l

Pa3zmepHOCTS Marpuiel X ONpeenseTcs KOIMIECTBOM 3aIEPIKEK P.

TTociie mocTpoeHUsI MaTPHIIBI 3aJ€PKEK BBIOUPAETCS BUJ JIOKAIBHOTO TIPEII-
CTaBJIeHUs, T.€. BUJ (QYHKIMK, CBS3BIBAIONICH CIIEIyIONIee 3HAYSHHS Psijia C Tpe-
JBLLYILAMU:

T =f (Xna) ) (3)

Il a — BEKTOpP I1apaMeTpoB IIPEICTaBICHUSI.

HanGoree pacpocTpaHEHHBIH BapHaHT — 3TO JTMHEHHAS alIIPOKCHMAIHS TH-
ma (1):
T
T4 = Qo + X Q. 4)

KpOMe HETO0, UCIOJIb3YIOTCH €II€ ABAa BapHaHTa:

Ti41 = Qo (5)
Hu
_ T T
Tip1 = ap + X, a +x, Bxy, (6)
bi1 by blp
b1y bay pr
e B = . . . i — MaTpHUIa JOIIOJHUTEIBHEIX [IapaMEeTPOB IIPE-
blp b2p T bzm
CTaBJICHUS.

Crnenyst aBropam paboTs! [21], momemu (4)—(6) OyaeM Ha3bIBaTh ammpOKCH-
Marweii mepsoro (LA1), mymeBoro (LAO) u Broporo (LA2) mopsSakoB, COOTBET-
cTBeHHO. [lonpoOHEe 0COOEHHOCTH KaXJIOTO BHJa allpOKCHManuu OymyT pac-
CMOTpEHBI B pazfene 3.2.

2. BpiOop Onmkaimmx cocefeil — BbleJieHHE JIOKAJBHOI Mmomxo0JacTu
(¢azoBoro nmpocrpancraa

Kak yxe ormeuanocs, ocHOBHasI ujiest LA cOCTOUT B IPOrHO3UPOBAHUU HE I10
BCEM HCXOJHBIM JAHHBIM, a TIO “OJIMKAlIIUM’ K TIOCJIEIHEMY U3BECTHOMY 3HAYe-
HUIO BekTopa. [lociie BBEeCHNUS MaTPHUITHI 3aJE€PHKEK JIETKO OMPEIEIUTh TIOHSATUE
“Onmkaiiime coceau’’ WM MPOCTO “cocenn’.
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By,ZICM CIUTaThb COCCAHUMH K CTAPTOBOMY BCKTOPY XN _p+1 BEKTOPBI, YIOBJIC-
TBOPSAIOIHNE YCIOBHUIO!:

{XS} : Z ” XN-—p+1 — Xs ||—’ _min (7

SEwz WN—pt1
e § € ws C WN—_pt1s WN—p+1 = {1,..., N —p+ 1}, Z— xoaudecrso cocenei,
w= — HabOp HOMEPOB BeKTOpoB—coceneil. HopMa 00BIUHO GepeTcs eBKIHMIOBA,

XOTSI BOBMOXKHO HCIIONIF30BaHUE W JPYTUX HOpM. BBIOOp cocenell aBToMarmye-
CKU OTIpeJIeNsieT JIOKaJIbHYIO IMOA00IacTh, B KOTOPOH ITapaMeTphl PeaCTaBIeHHUS
MIOJIATAr0TCS HEM3MEHHBIMH.

Jlomyctum Takxke W OOpaTHBIM BapHaHT: BBIOpaB HEKOTOPYIO OKPECTHOCTH,
T.€. 33/IaBIINCh HEKOTOPHIM KPUTEPHEM BHIA

| Xy p1 =% IS¢, ®)

MOXKHO TaKX€ OmNpeAeiuTh coceneil. OJHAKO ATOT KPUTEPUH NPAKTUUECKH HE
TIPUMCHSICTCH, TaK KaK BBI60p BCJIMYHUHEI € SBJISIETCS B HOCT&TO‘{HOI\/’I MEPE NMpOoun3-
BOJIbHBIM, TOI/Ia KaK M3-32 HEOOXOAMMOCTH OLEHKHM [1apaMeTPOB Ha KOJIMYECTBO
cocefiell Haaraercsl CyIIeCTBEHHOE OTpaHWYeHHe CHH3y: = > p + 1. B peais-
HBIX Pacyerax CTaparoTCsi PHAEPKUBATHCS COOTHOMIEHUs = = 3 (p + 1), 4T00BI
MOJTy4aTh OoJiee YCTOMYMBBIE OIICHKH TapaMmeTpoB. TakwM 00pa3oM, ecid BEI-
Oparb ycioBue (8) u nmomodparb BEIMUUHY £, 00€CTIEUHBAIONIYI0 HY)KHOE YUCIIO
cocejieif, Bce cBeneTcs K ycnoBuio (7).

JlaHHEI 3Tan alTopUTMa — IVIABHBIM OTIMYUTEIBHEIA TPH3HAK METola
caMblii BaXHBIH ero srtam. Brrbop “xopommx” cocenell OnpemenseT KauecTBO
MIPOTHO3A.

3. Onenka nmapaMeTpoB MoJe]d W NMOCTPOeHHe NMPOrHO3a HA OJMH INAr
BIepen

Bribopom Buna npexncrasnenus (4), (5) wiu (6) 1 pa3MEepHOCTH PEKOHCTPYK-
IIUH D yCTAHABIMBAETCS] KOJIMYECTBO HEM3BECTHEIX MAapaMETPOB, KOTOPEIE TPEOy-
€TCst OIIeHUTH. [Ipn 3TOM KPyT MCIIONIB3YyEMBIX JAHHBIX OFPAaHUYUBAETCS HAOOPOM
cocezieil cTapToBOTO BEKTOPA.

ITapamerpsr Mozenu (BEKTOP &) OLEHUBAIOTCS METOAOM HAMMEHBIINX KBaJ-
paroB (MHK). DTo0 camslii pacipocTpaHeHHEIH U HanOoree 3pheKTHBHEII MeTox
penienns OFOOHBIX 3a/1a4, XOTs 1 He equHCTBeHHBIH [33]. Onenka mo MHK mis
BEKTOpa a, 0003HaYNM ee KaK &, HaXOJIHUTCS M3 YCIOBHUS:

a: Z(msﬂ —f <xs, é))2 — méin. 9)
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OpHako B 6onpmuHCTBE ciydaeB npumeHenne MHK B umctoM BHIe HEBO3MOXK-
HO ¥3-3a BBIPOXKJEHHOCTH MaTpunbl (aktopoB (moppobHEe 00 3TOM CM. 4acTh
4), 9TO SABNISETCS CIEACTBHEM B3aMMHOW Onm3ocTu coceneil. [losTomy 0OBIYHO
MIPUMEHSTCS] TaK HA3bIBAEMOE CHHTYISIpHOE pasznoxenue (SVD — Singular Value
Decomposition) [34]. ITpu 3ToM He BCerna y4YHTHIBAETCS, YTO OICHKH, JaBae-
MBIE 3TUM METOIOM, B OOIIEM CiIy4dae CMEIeHHbIE [35], CHIIBHO 3aBHCSIINE OT
MAIIMHHOM TOYHOCTH M BHIOOPA MUHHMAIBHOTO 3HAUAIETO CHHTYJISIPHOTO YHC-
na (mocnemHuit pakT yrmoMuHaeTcs penko). CiaenoBarenbHO, IPU UCIOIL30BAHUN
SVD BaxHO Bcerzna KOHTPOJUPOBATh YCTOMUUBOCTD I10J1y4aE€MbIX PE3YyJIbTaTOB.
OreHUB 3HAUEHHS MApaMEeTPOB AMMPOKCUMALIUH, HETPYAHO IMOCTPOUTH IPO-
THO3 CJIEIYIOIIETO 3HAUCHUS psifa (CTApTOBBIA BEKTOP, KOTOPHIH B OOJIBIIMHCTBE
CIly4aeB COBIIAJIAET C TOCIETHUM W3BECTHBIM BEKTOPOM, 0003HAYNM HHIEKCOM
L):
JA?L+1 = f(XL7é.). (10)

Taxum 06pa3om, Mpoiis TpH OMHMCAHHBIX IIara anroputMa LA, MOXHO TIO-
CTPOUTH NMPOTHO3 OFHOTO HOBOTO 3HaUEHHUS psiza. Bompoc o crocobax mocrpoe-
Hust 0oJiee JJIMHHOTO MPOTHO3a MOAPOOHO paccMarpuBaeTcs B paszaene 3.3.

Kparkoit nmmocTpanueil M3I0K€HHOTO aITOPHUTMAa MOXKET CITy>KUTh IIPHMED
n3 paboTsr [21]. OauH U3 BO3MOXHBIX CHOCOOOB MOCTPOEHUS IMPOTHO3a TEMIIE-
parypsl Ha CIEAYIOIIUi JEHb COCTOMT B TOM, YTOOBI, Hailnd B Kakoi u3 mpen-
MIECTBYIONIMX JTHEW Temreparypa Obljla MaKCUMAaJIbHO OJM3KON K CEeroHsIIHEH
(cimyuaii p = 1), B3sTh B Ka4€CTBE IPOrHO3a TEMIIEPATYPHI HA 3aBTPA €€ BEIUUUHY
B CIIEYIOIINH 3a HaliIeHHBIM JIeHb. ATIpOKCHManus 6ojee BHICOKOTO MOpsiIKa
MO3BOJIIET YYUTHIBATh BIUSIHAE HAa MIPOTHO3 OTKJIOHEHHH “‘CeropHsnHeil” Temme-
paTyphl OT TeMIIepaTyphl B IeHb, HanOoJiee MOXOXKNIl Ha CETOMHSINTHUH.

3.2. TlopsiiaoK anmpoKCHMAIUH

B sToM pasznene mpencTaBiIeHBI PE3yJABTAaThl CPABHEHMS OCHOBHBIX BApPHAHTOB
U CIOCOOOB IPOTHO3a, UCIOJIB3YIONINX HPUHINI JIOKAIBHON ammpoKCHMAIWH.
CpaBHEHHE TPOBOIWTCS HA BPEMEHHBIX PSIAaX, MOJTYYEHHBIX N3 cucTeMBbl JlopeH-
na

T = U(y7I)7
Yy = rxr—y—zxz,
z = zy — bz

nmpu o =5,r=15,b=1.

Tpu OrpaHUIEHHOM KOJIMUECTBE JTAHHBIX BAKHBIM (DAKTOPOM CTAHOBHTCS MH-
HEMAJIbHO HEOOXOIUMOE KOJIMYECTBO TOYEK IS OLEHKH IapaMeTpoB. OHO 3a-
BHCHT OT TOPSIIKA AlllPOKCHMAIIAH: JJIsl HYJEBOTO MOPSIKA JOCTATOYHO OIHOM
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TOYKH, TaK KaK €CTh BCETO OJUH HEM3BECTHBHIN mapameTp ag (cM. (5)). Ilpu nm-
HeltHoW ammpokcumanuu LA1 Hen3BecTHRIX mapameTrpoB p + 1 (cm. (4)). Pomb
MOPSI/IKa alMPOKCHMAIMH BO3PacTaeT ¢ YMEHBIICHHEM JUIMHBI UCXOTHOTO psifa.
Hmxe Oyner moka3ano, 94TO /It OY€HB JITMHHBIX PSIOB POJIb MOPSIIKA alIPOKCH-
MaIluy 3HAYUTEIBHO CHUKAETCS.

JItst monydeHnst Hale)KHBIX OLEHOK KOJMYECTBO COCENEei MOMMKHO OBITH 10-
crarogHo OombmuM. CymeCTByeT IMIMPUIECKOE MTPABMUIIO, B COOTBETCTBUH C KO-
TOPEIM 11 yenenrHoro npumenenns MHK coceneli 10mkHO OBITh KaK MUHUMYM
BTpOE OOJIbIIIE, YEM YHCIIO OIIEHUBAEMBIX TapameTpoB. Takum obpaszom, st LA
B KQXK[0}1 JIOKJIbHOMU MOI00IACTH JKeJIaTelIbHO UMETh He MeHee 3 (p + 1) usBect-
HBIX BEKTOPOB.

TTopsiok ammpoKCUMaI MOXKHO TOBBINIATh U JaJIbIIE, ONHAKO MPHU HTOM
PE3KO BO3PACTAET KOJIMYECTBO HEOOXOAMMBIX COCEAEH M YBEIHMYMBAETCS PHUCK
BBIXOZIa U3 00JaCTH CIIPAaBEIJIMBOCTH THIIOTE3Bl O MOCTOSHCTBE KO3 (PUITHEHTOB,
T.€. IPOUCXOANT TI00ATH3AIHS METOIA C TIOTepeil MPENMYIIECTB JIOKATEHOU all-
mpokcuMarnuu. I103ToMy JIOKaJIbHYIO ammpOKCHMAIIMIO BEIIIE BTOPOTO MOpPSIKa
(LA2) 0OBIYHO HE WCIIONB3YIOT.

LA2 ormnmmuaercst ot LAl goGaBiieHHEM B MOJeIh MApHBIX MPOH3BENECHUI
KOOpIHMHAT BEKTOpOB—cocenei (6):

p p P
Tyl = Qo + Z Q;Tt—pyi + Z Z bikTt—ptjTi—pik-
i=1 G=1k>j

MUHHMAJIBHOE KOJIMYECTBO coceleii 3uech pano p + 1 + p(p + 1)/2, u ux uucio
pacTeT Kak KBaJipaT pa3MepHOCTH pEeKOHCTPYKIH. [ToaToMy B umcio coceneit Mo-
TYT ITOTIACTh BEKTOPHI, KOTOPEIE OYEHB HEMOXOXH Ha CTApTOBEIA. TakuM o6pa3zom,
IJ1aBHast MpUYnMHa Hed(Y(EKTHUBHOCTH JIOKAJIHHON aNMpOKCHMAIAH CTapIIuX I0-
PSIIKOB — OZTHOBPEMEHHOE MCIOJIb30BAHUE OOJIBIIOTO YUCIIa BEKTOPOB 3a/1EPIKEK.
Pe3ynprar ucnoas30BaHuUsS OOJBIIOTO YHCHIA COCEAeH (YacTh KOTOPBIX € TPYAOM
MOXHO TaK Ha3BaTh) MOKa3aH Ha puc.3.

CrenepupoBaHHBIH psn uinHHOM 3600 Touek pa3buBaics Ha ABE YaCTH, Iep-
Basi U3 KOTOPBIX UCIIONB30BaJIaCh ISl OIIEHKH MapaMeTpOB alIIPOKCHMAIINH, a IO
BTOpOI (mocnennue 164 Toukn) MPOBEPSUIOCH KauecTBO Mporuo3a. Ha pucynxe
MOKa3aHa TOJBKO BTOpasl YacTh MCXOIHOTO psja M pe3yiasTarThl MIPOTHO30B, MO-
JIy4eHHBIE TIPH Pa3HbIX IOPSAAKaX alllpoKcuMary. IlapameTp p IPUHAT paBHBIM
maTa. Yncnmo cocerneid B3To BTpoe 00JbIlle MUHUMATEHO HEOOXOIMMOTO, T.€. IS
LAO — 3 cocena, LAl — 3(5 4+ 1) = 18 coceneit, LA2 — 63. Buxno, uto Ha
KOpPOTKHX MHTepBajiax BpeMeHH LAQ ycTymaeT ocTaqbHBEIM B TOYHOCTH, a LAl
n LA2 mator Onuskue pesynsrarel. ECTECTBEHHO, IO OZHOMY IIPHUMEPY HEIB3sI
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Puc. 3: ®akTuueckas qUHAMHEKA U PE3yJIbTaT IPOTHO3UPOBAHUS T—KOMIIOHEHTHI
cucrtemsl Jlopenna merogqoM LA HyseBOro, nepBoro U BTOpOro mopsikoB.

CyIuTh O TOM, Kakoi BapuanT LAl wiu LA2 nyunie, HO BaXHO JpPyroe — poiib
4ucila cocenen.

Jliist cpaBHEHUST HA 3TOM YK€ PUCYHKE IPUBEIEHBI MPOTHO3BI MeToaoM LAOQ ¢
TeM ke UYuciIoM coceneit, kak st LA1 (muaust LAOas1) u LA2 (siuaust LAOas2).
JleTko BUAETH, UTO C POCTOM KOJUUECTBA COCENEH MPOUCXOAUT ‘“‘CITIaKHUBaHUE
nporso3a LAQ, BbI3BAHHOE YBEJIUUEHUEM DA3JIMUUM MEXKIY BEKTOpAaMU, IIOLAB-
IIMMU B YHCIIO COCEMIEi CTapTOBOTO BEKTOPA, a CIIEIOBATEIBHO, I X MPOTHO3aMH.
IosToMmy ucmonmp30Banue LA cTapiimx mMopsaKoB (HaYWHAS CO 2-TO) TIPH IKCTPa-
IOJISAUU JOCTATOYHO KOPOTKUX PSAA0B BPsA JIM MOXKET OBITH OIrpaBJaHo.

Takum 00pa3oM, JIOKaJbHAs ANMPOKCHMAITS TEPBOTO TMOPSIKA WMEET II0
CPaBHEHMIO C anmpoKCHMAanueil BTOPOro mopsijka ABa CyNIECTBEHHBIX IPEHMY-
mecTBa. Bo-TiepBEIX, oHa TpeOyeT MEHBINe JaHHBIX, YTO BAXKHO U KOPOTKUX
psimoB. Bo—BTOpEIX, MOTyYUTh OOJIee TOYHOE MIPHUOIIDKEHHE JIerde B Majiol o0ra-
CTH, 9YeM B OOJBINOH, TaK KaK B IIEPBOM CIydae Pa3TUuUsS MEKIY BETUUIHHAMHU
MEHee BBIPaXKEHBI.

3.3. IIporHo3 Ha HECKOJILKO LIAroB Biepe.

Paccmorpennsiit B pa3aene 3 o0wmuit ainroputm merona LA 3aBepuiwics nocrpo-
eHHeM TIPOTHO3a Ha OfuH mIar. Yaime Bcero HeoOXomauM Goliee JONTOCPOYHbIH
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nporao3. Merox LA mo3Bomsier ero moctponTs. OHAKO K €r0 pe3ynbraraM Ha-
JI0 OTHOCHUTBCSI OCTOPOXKHO, TTOCTOSTHHO KOHTPOJIUPYS yCTOWYMBOCTH MPOTHO3a
[I0 OTHOUIEHHIO K HEOOJBIINM M3MEHEHHSIM HCXOAHOTO psija. [lostomy ryurme
3apaHee OIEHUTh MAaKCHMAJIEHO BO3MOXHYIO JUTMHY MPOTHO3A.

B pabore [21] npemnoxkeno Ba cmocoba, OCHOBAHHBIX HA MPUHITHUIIE JIOKAITb-
HOM arnmpoKCUMa 1 TO3BOJIAIOIINUX CTPOUTH MPOTHO3BI JUHAMHUKH Psaaa Ha
HECKOJIbKO 1IAroB: UTEPATUBHBIN U IpsMON. PaccMoTpuM cHauana uxX ajropur-
MBI, @ CPAaBHEHHUE OTJIOKHUM JIO ITOCTpOeHHs 00mIei moaenu (cum. 11.4). K atum nsym
METO/IaM TaKK€ MOXKHO JOOaBUTH €Ile OJUH CIOCO0 — MTEPAaTHBHBINA BAPHAHT C
TIepecyeToM, KOTOPBI Takxke OyIeT pacCMOTPEH B 3TOM pasJelie.

HrepaTuBHBIH c110CO0 MPOrHO3a

Ilycrs TpeOdyercst mOCTPOUTh NPOrHO3 HA 7 miaroB Buepen. Maest nreparus-
HOTO CIoco0a COCTOUT B MOCJIE0BATEIEHOM MOCTPOECHUN IPOTHO3a HA OWH Iar
¢ 100aBJICHUEM €r0 pe3yJsibTara K UCXOJHBIM JaHHBIM. VIHBIMH CJIOBaMH, CHa4a-
Jla JlenaeTcs MpOoTHO3 Ha OJUH IIar, a 3aTeM Ha OCHOBE IOJIy4YEeHHOTO 3HAUEHHS
CTPOUTCS. HOBBII BEKTOP B LIPOCTPAHCTBE 3a/IEPIKEK:

fi‘LJrl
N Tr
XL+1 = : . (11)

LL—p+2

DTOT BEKTOp MOICTABISIETCS B NMpaByl0 YacTh coorHomeHust (10) m memaercs
nporuo3 euie Ha oguH mar. Y tak gasee. Ilpu rom napamerpst a B (10) BbI-
OuparoTcs T€ K€, YTO W Ha mepBoM miare. Takum oOpa3oM, Kaxmoe CIemylomee
MIPOTHO3UPYEMOE 3HAYEHUE BBIpAXKAETCS yepes npenpiymiee (npenpaymmue). Ot-
CIoZla Ha3BaHME CII0co0a — UTEePaTHBHEIH.

OCHOBHOE TPEHMYIIECTBO JAHHOTO CIOCO0a — MPOCTOTA W JIETKOCTH MPO-
THO3MPOBAHUS CIEAYIONINX 3HAUEHUH, TaK KaK OlleHKa MapaMeTpOB MOJIEIH MPO-
BOJIUTCSI BCETO OJHAXIHI — Ha TepBoM Iiare. B pabore [21] o6ocHOBaHa Tipe-
TOYTHTENFHOCTh UMEHHO HTEPAaTHBHOTO CHocoba Mpu paboTe ¢ Xaomuueckumu
cucremamu. OTHaKO Ha TIPAKTHKE OH HE BCETa OKa3bIBaeTcsl TydmiM. OCHOBHAS
MpUYUHA HEBBICOKOW TOYHOCTH MPOTHO3a, TIOJIYyYaeMOro 3TUM CIIOCO0OM, CBsI3a-
Ha, TO—BUIUMOMY, C HESIBHO HCITOIH3YEMOil IPEIOCHIIKOI O TOM, UTO COCEISIMA
BCEX CTPOSIIHUXCS 10 IpHHIUMY (11) HOBBIX BEKTOPOB 33IePIKEK SBISIFOTCS TE Ke
BEKTOPEI, KOTOPBIE OBLTIH COCEIIMH CTAPTOBOTO. DTOT (DaKT cIieIyeT 3 Hen3MeH-
HOCTH TlapamMeTpoB B ypaBHeHHH (10), 9TO, OYEBHAHO, HE BCETIa BEPHO.

HrepaTuBHEBIii cioco6 ¢ mepecyeToM MapaMeTpoB
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MO:KHO TIOTIBITAThCS YITYYIIHTh HTEPATUBHBIN CIIOCO0, 0TKAa3aBIINCH OT TIPeI-
MOCBUTKM MIEHTUYIHOCTH COCENEH BCEX HOBBIX MPOTHOZMPYEMEIX BEKTOPOB. [Tpn
9TOM TpebyeTcsl MepecYNThIBaTh 3aHOBO Ha KAXIOM IIare mapaMeTpsl B BBIpa-
wernnn (10). CrnenoBarenbHO, YTOOBI MOCTPOWUTH NMPOTHO3 HA JBA IIara, IMOCIE
MOJIyY€HUs! TIPOTHO3a HA OAMH WIar M ONpeaeeHust HoBoro Bektopa (11) B mpo-
CTpPAHCTBE 3a/I€PKEK, KOTOPEII OyIeT Temepb CUNTATHCS CTAPTOBEIM, HEOOXOIMMO
MOJHOCTBIO TIOBTOPUTH MPOLEAYPY MPOrHO3UPOBAHUS Ha OAWH MIAr U TaK Jajiee.
B »TOM ciywae BpeMs Ha MOCTPOEHHE UIUTEIBHOTO IIPOTHO3a MOXKET CHIIBHO
BO3PACTH 10 CPABHEHHUIO C MMPOCTBIM UTEPATUBHBIM CIIOCOOOM.

BapuanT ¢ nepecueroM napameTpoB cB0OOIEH OT OCHOBHOTO HETOCTaTKa Mpo-
CTOTO UTEPATUBHOTO CII0CO0a, HO TaK XK€ MMEET CBOM MHHYCHL [JIaBHBII — 3TO
BBICOKasl BEPOSITHOCTh OIMIMOOYHOTO BBIOOpa coceneil. ITockomapky BBIOOp coce-
JIel B 3TOM BapHaHTE MPOBOIUTCS HA KaXKIOM Iare, TO TaKXKe Ha KaXKIOM IIare
BO3pacTaeT omMbKa MPOrHO3a, CBA3aHHAS C BEPOSTHOCTHIO HETPABUIBHOTO BEI-
6opa. Benenersue 3T0or0, 0cOOEHHO TIpH paboTe CO CTOXACTHYECKUMHE DPSIaAMH,
BBICOKA BEPOSATHOCTH IEpexojia Ha CMEXHYI0 TpaekTopuio. KoHTponb mpaBuib-
HOCTH BBIOOpA “HYXHBIX” coceJieil 3aTpyTHHUTENEH, U T03TOMY PUMEHEHHE pac-
CMaTpHUBAEMOTO cItocoba Takke MOXKET He 00ecTIieanBaTh KeJaeMol Hale)KHOCTH
TIPOTHO3A.

IIpsimoii mporuo3
TTpu npsimom criocobe 1porHosza Ha 7 11aroB BIEpEZ CTapTOBBIM BEKTOp M
BCE €r0 COCEIU OCTAIOTCS HEM3MEHHBIMH, a IIPOTHO3 CTPOUTCS HE3aBUCHMO IS
Beex t € [1,...,T]:
A A (t
Trp=f <XL’a( )>

TakuMm 00pa3zoM, U1 BEIOPAaHHBIX BEKTOPOB—COCEAEH CTPOUTCS 3aBHCHMOCTD 3Ha-
YeHUsI psifia yepes ¢ MIATOB OT KOOPAMHAT UCXOJHOTO BEKTOPA, OIEHUBAIOTCS Ta-
PaMeTphI ATOi 3aBHCUMOCTH, T.¢. ko(duiuentsl a) U ¢ HOMONIBIO HUX 3aTeM
CTPOMTCS IMPOrHO3 HA ¢ IIATOB IS CTAPTOBOrO BekTopa. KoshGuuueHTs anmpok-
CHMAIIVH JJIs BCEX T OIEHMBAIOTCS HE3ABUCHMO.

IIpu IpsAMOM IIPOTHO3E OTCYTCTBYIOT HEIOCTATKH JBYX IEPBBIX CIIOCOOOB —
THIIOTE3a O HEU3MEHHOCTH COCe/Iel 3/1eCh He BLI3BIBAET COMHEHMSI, a HAKOIUIEHHUS
ommOku He mpomcxomuT. OIHAKO ATOT BapuaHT Ooijiee TpeboBaTeNieH K JJIHHE
psifa, Tak Kak Ui MPOTHO3a HA ¢ NIArOB HEOOXOOMMBI COCEMH, MOCIE KOTOPBIX
HMEETCS elle KaKk MAUHHMYM | M3BECTHBIX BeKTOpOB. Kak OyaeT mokaszaHo B pas-
neiie 4, CTaTUCTUYECKHU ITOT CII0CO0 JTO/KEH 00ecieYnBaTh HanboJIee HaEKHEIC
PE3yIIBTaTHL.

B kauectBe npumepa paccmoTpuM ypaBHenne Maxkkesi—Iimacca (MG), koTopoe

24



HCTIONIB3YETCs KaK MOJIEIh IIpoliecca pereHepaIii KPOBSHEIX Teler] [36]:

de  ax(t — At)
dt 14t — At) be(t)

me a = 0,2; b = 0,1; ¢ = 10, At = 17. Kak U3BeCTHO, IIpH JAHHBIX 3HaUe-
HUSIX TIAPAMETPOB U BPEMEHH 33JIEPKKH ITO YPABHEHUE MPOSBIISIET XAOTUIECKUE
CBOICTBA.

TTporno3a st ypasuenuss MG na 7 = 164 nrara tpemsi pacCMOTPEHHBIMH
criocobamu WUTIOCTpUpYeET puc.4. BuaHO, 4TO MpU UTEPATHUBHOM CrIOcobe mpo-
THO3MPYEMbIEC 3HAYCHHSI, HAYMHASI C YETBEPTOTO 1Iara SKCIOHEHIMAILHO OBICTPO
OTKJIOHSIOTCS OT MCTHHHBIX (111 7 = 164 370 oTKIIOHEHHE yike nopsaka 101°).

TIporHo3 ¢ mepecyeToM JaBail MpHUeMIIeMbIe pe3yiTbTaThl JONbINe, HO TpH-

OJM3UTENBHO C COPOKOBOTO IIara OH Hadaj CYIIECTBEHHO YCTYNaTh NPSIMOMY
MIPOTHO3Y.

o Mackey-Glass (At=17, N=3600) —— LA1, tepamveHbm
LA1, npsimoit - - - LAT1, c nepecveTtom
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Puc. 4: Ureparususiii (iterat), mpsimoit (direct) u mpsiMoii ¢ mepecuerom (recalc)
IporHO36I MeTogoM LA,

Ha ocHOBe 3TOTO MpHEMEpa MOXKHO TPENNOIOKNTh, YTO UTEPATUBHEIN Bapu-

aHT 6yz[eT JIyYIIUM TIPpU OU€Hb MaJIbIX BCJIMYMHAX T, Koraa CripaBC€JIMBO IIPE/-
TIOJIOKECHHUE O TOM, YTO lTpC,I[CKa3aHHLIﬁ BEKTOP OCTACTCA COCEAOM CTApTOBOTO.

B ocranbHBIX Cily4asiX, BEPOSTHO, MPSIMOM MPOTHO3 JacT 0oJiee JTOCTOBEPHBIN
pe3ynbTar.
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4. OO0mass MaTeMaTHKO—CTATHCTHYECKash MOje/Ib METOAA JIOKAJLHOWM aIl-
MPOKCHUMAIIUH

PaccMmoTpenHBIe BBINIE MTPUMEPHI UCTIONB30BaHUS LA IS 3KCTPAIOJSAINA Bpe-
MEHHBIX PSIOB MTO3BOJISFOT CIENATh Psil BEIBOIOB 00 3()()eKTHBHOCTHU €TO pa3iiny-
HBIX BapuaHTOB. OHAKO /IS JTOCTOBEPHOCTH 3THUX BEIBOJIOB, a TAaKXKE C IENBI0
MOJTy9YeHUs] HHCTPYMEHTA TS BEIOOpA ONITUMATIFHOTO BapHaHTa 0e3 MPOBEIeHHUS
YUCIICHHBIX PAacueTOB HEOOXOAMMO HAWTH aHAMTHYECKOE PEelIeHHe 3a1adH Ipo-
THO3a MeTogoM LA.

4.1. IlocTrpoeHue cucreMbl ypaBHeHuil LA

BHOBB 00paTuMCs K 3a/1a4e MOCTPOCHUsI IPOTHO3a Ha OJIMH IIAT BIEPE], a TOUHEe
— K BBIOODY JIOKAJIBHOTO TIpejicTaBieHus. B obmem ciydae GyHkmuo f (X, a)
n3 (3) MOXHO TPE/ICTABUTH KaK:

f(xp,a) =ay+ a1z + asri1 + ...+ anT_p1+
(12)

2 3 2
+(L11$t + a1 + ...+ 1117 + 11274 Tg—1 + ...

Ecnu monoxuth Bce KOI(DGUIUEHTH KPOME o PABHBIMH HYJIO, TO IOJYyYUM
LAO. OctaBuB KO3 HUITHEHTH TOJBKO ¢ OMHUM HHIAEKCOM, mpuaeM k LAL, ¢
OITHUM U IBYMs mHIeKcamu — K LA2 u 1.1. CnenoBarenbHo, coOoTHOIIEHHE (3) B
00001IIEHHOM BHJIE MOYKHO 3aITHCATh CIETYIOIAM 00pa3oM:

T =ag+ XA (13)

e
T 2 3.2
X, = (mtmt,l T MAIT T T - T T T )

T
A = (CLICLQ L. apa @12 ... 41110112 - - )

— 000011IEHHBIN BEKTOP B MPOCTPAHCTBE 3a€PKEK M 000OLIEHHBII BEKTOP KO-
3¢ UITMEHTOB, COOTBETCTBEHHO. [IJIsi ympoieHus 3amucu OynaeM UCTONIbh30BaTh
eIMHYI0 HYMEPaLMIO KOOPJMHAT STHX BEKTOPOB, & CAMH BEKTOPbI 0003HaYarh Ma-
JIeHbKoU OykBoii. Kakoli IMEHHO BEKTOp MMeeTcs] BBUAY — OOBIYHEIN M 0000-
LIEHHBIH — 3aBUCUT OT paccMmarpuBaemoro ropsijka LA. Ecnu ananusupyercst
moboit BapuanT LA, kxpome LA, 3HAUUT UCTIONB3YIOTCS 00OOIIEHHBIE BEKTOPHI
KO3 (HUIIEHTOB U 3aJIePIKEK.
TakuMm 0o0pa3oM, Jajnee WCIONBb3yeTCs eiHAas 3aluch A ypaBHeHUS LA
M000TO TIOpsIIKa:
Ty = ag + X; a, (14)
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e
a' = (may...), x' = (z@1...).

ITpu 5ToM MOCTOSTHHAs ap, KaKk M paHee, BBIAEIIETCA HE CilydaitHo. Bompoc o
ee ydere okaspiBaeTcsi He HMpocThIM. C OJHOM CTOPOHBI, HAIMYHE MOCTOSHHOM
AQHAJOTUYHO N00aBICHUIO CTPOKH W3 €IWHUIl B Marpuily 3ajepxek. C apyroi
CTOpOHBI, 0€3 ee BBEACHHS BEIHKA BEPOSTHOCTH CHCTEMATHIECKUX OIIHOOK IpH
YHCIIEHHBIX pacdyeTax. PaccMoTpuM 3TOT Bompoc moapobHee.

3armmmem ypapHeHwue (14) mns LA1 B TepMHHAX MaTPHUITHI 3aJIepiKEK:

Qo

a

xt+1=<1 l’t"'fUtpr) .
—_— :

ap

Brigenennast GurypHoi CKOOKOH 4acTh — 3TO TPAHCIIOHUPOBAHHBIN BEKTOP B IIPO-
CTpaHCTBE 3a/IEPXKEK, T.€. OJMH U3 CTONOmoB Marpunbsl X. Takum obpazom, mpu
MIPOTHO3UPOBAHUA MaTPHIIA 33[EePIKEK HESIBHO PACIIAPSIETCS 3a CUET JOOABICHHS
CTPOKHU U3 CAWHHUII. A 5TO HECKOJIBKO TMIPOTUBOPECHUUT MPUHIUITY €€ TTOCTPOCHUS.

y

X

Puc. 5: Y4er nocTosHHOI ITpy MOCTPOEHUN IMHEHHOM perpeccun. XKupHas muHus
— MOCTOSIHHAS YYUTHIBAJIACh, CBETIIAss — HET. TOUKH — FICXOJHEIEC TaHHEIE.

Ka3zanocs 651, Takoro HEOOOCHOBAHHOTO PACIIUPEHHS B OOJIBITMHCTBE CIIyda-
€B MOXKHO H30€KaTh yXkKe B paMKaX JINHEHHOTO IPUOIIIKEHNS, YBEIUYUB Pa3Mep-
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HOCTb PCKOHCTPYKIIMH HAa CAUHUILY:

_oun, & ou,
Tiyo = Gy + Zl Q; Ti—i42

= p+1

= Tppo = 3 Ui iy,
i=1

p
_ I
Tpp1 = Qg+ Zl ;Ti—it1
i=

11 1T 11

a a a
1 0 1% 11 1 % 1 .
bh=ay +—+, bppi=-a,—7, bi=a —a;_1—, a;#0,i=2,...,p.
) ) )

B nociieraem BeIpaskeHUN TOCTOSTHHAS yKe HE MPUCYTCTBYeT. OIHAKO B peabHON
CHUTYaIMH NIPY TIOCTPOSHNH PETPECCHOHHBIX 3aBHCHMOCTEH IS OIIEHKH Kod(du-
IIMEHTOB €€ OTCYTCTBHE MOXET MPUBECTH K CHCTEMAaTHYECKHM OIIMOKaM (CM.
puc. 5). ITo3ToOMy MOCTOSIHHYIO TIPUXOIUTCS COXPAHSITH, XOTS 3TO MOXET OBITh
HEJJ0CTaTOYHO OOOCHOBAHO C TOUKHU 3PEHHS METOJa 3aepIKeK.

YT00BI OIIEHUTH HEU3BECTHBIE KOO PUIHEHTHI (g, a) B ypaBHeHud (14), Boc-
HOJIb3yeMCs TUIIOTE30l MX MOCTOSHCTBA JJISl BCEX COCeNell CTapTOBOTO BEKTOpa,
T.6. OCHOBHOU rumote3oit LA. B pesynsrare MOIydHTCS CIIEAyIOIIasl CHCTeMa
YpaBHEHUN

Ty47 = Qo + Q1 Ts; + 2Ty 1+ oo + ApTsy—py1
Tso+T = Qo + A1, + AT 551 + ..+ ApTsy—pi1

(15)

TsorT = Qo+ A1 Tsg + A2Tso—1 + o0 + ApTso_pia -

Ona nocTpoeHa Juisi 00LIero ciy4asi IPOrHo3a 3HAYEHHs Psijia, yAaIeHHoro Ha 7T

IIarOB OT MOCJIEJHET0 M3BECTHOTO BEKTOpa. JIst MpOTrHO3a HAa OAWMH IIar MOXKHO

moa0KuTh 7 = 1. MHAEKCHI S1, . . ., S= YKa3bIBAlOT HOMEpA 3HAYCHUI psia.
Tepenmmem (15) B cnemyromem Buze:

Tsy+T 1 Ts; Tsi—1 *° Tsp—p+1 (45}
Lsot+T 1 Lsy Tsy—1 ~°° Tsg—ptl a2

: = . [ao+]| . i i N )
Lsg+T 1 Tsz Tszg—1 " Tsg—p+l ap

3neck Oombmras Marpuia (MaTpuIa cocenei) — 3To TPAHCIIOHWPOBAHHEINA (par-
MEHT MaTpHLIbl 33/IePIKEK, COCTOSIIMI JIMILb U3 OIHUX COCEJeH CTapTOBOIO BEK-
Topa (B ciyuae LA1). Jleast uacTh mpencraBisier co00i pe3ysibTarhl SBOIOIAN

28



K@XKI0T0 U3 cocenelt 3a 7 miaros u {a, . ..a,} — HapaMeTphl allIPOKCUMALINH,
KOTOpBIE Ha/IO onpenennTh. s Hynaeroro mopsinka cucrema (16) Tpanchopmu-
pyeTcsl B COOTHOILICHHUE

Ts1+T 1
Lot T 1

. = agp.
LsztT 1

JUns yrpoImeHnst 3aucy 0003Ha9INM T, 17 KaK ¥y, THe k — HOMep cocena, a
MaTpuIly cocefieil (BO3MOKHO, 0000merHy0 — cM. 1.3.1.1.) — X. Jlnsg BekTOpa
koa¢dumHeHToB ocTaBuM 0603HaUeHuE (g, a). Torma cucrema ypasaenuil (15)
IPUMET BUJ|

Y = Iap + Xa. (17)
TpeGyeTcst OLeHUTh apamMeTpsl (ag, a).

4.2. AHanuTHyeckoe pelieHHe 3a4a4d NPOr€o3a meroaqom LA

Pemenne cucremsl (17) Oynem uckare ¢ nomompsio MHK. Jlns Hee kpurepuit
MHK (cp. (9)) umeer Bun:

O = (Y —Tap — Xa)T (Y —Iap — Xa) — {min}.
ap,a

VenoBus epBoro Mmopsiika STOM 3a7ja4d MOYKHO 3aIlUCaTh Kak

0P
—: 2A%(Y —-Igy—Xa)=0
8(10 ( o a> ’
(18)
0P
o —2X* (Y —Tap — Xa) = 0.
Bripazum Tenepp U3 nepBOro COOTHOLICHHS (g:
I (Y — Xa)
= 19
Qo I'I (19)

3necs ITI npocto pasHo =. IloacTasnss ay Bo BTopoe cooTHomterue (18), momny-
YHM OLIEHKY BEKTOpa KO3((HIEHTOB a:

g -t g
A T T
a— [X (E — _ITI> X} X (E — _ITI> Y, (20)
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rne Ezy = — enuangHast MaTpuiia. ITo BEIpaXXEHUE OTIPE/IENIeT BCe HEOOXOIMMEIE
JUIsl TIOCTPOEHUSI MPOTHO3a KO3 (HUIMEHTHI €ciIi, KOHEYHO, MaTpHiia B KBaJpar-
HBIX cKoOKax obparmMa’. OLEHKY @y MOXHO IONY4HTh U3 cooTHomeHus (19),
MTOJICTABUB BMECTO KOA(PPHUITMEHTOB a WX OIEHKH, OJIy4YeHHbIe u3 (20).

TlonyyeHHbIC OLEHKH KOI(GGUIIMESHTOB MO3BOJISIOT MOJIYYHUTh AHATUTUICCKOES
BBIP@XEHHE ISl TIPOTHO3UPYEMOro 3HaueHus psiaa Zr7 B Moment L + 7. Cre-
JIA€M 3TO IOFTAIHO, OJHOBPEMEHHO aHAJIM3UPYSI 110JIy4aeMbIe PEe3yJIbTaThl.

CHadana 1moacTaBuM B ypaBHEHHE (14) cTapToBbI BEKTOp X7 (BO3MOXKHO,
0000m1enHsIi o mpuHIMITY (13)):

~ ~ T~
TryT = Gp +X7Q
1 TOJBKO YTO TOJTYYEHHYIO OICHKY (-

. It . .
BL+T = Py (Y — Xa) +x; a.

IIpeobpaszyeM MOTydeHHOE BRIpAKEHHUE CIIETYIONTIM 00pa3oM:
ier =Y+ (x] —X)a. 1)

3neck Y — cpennee 3HaueHHe BekTopa Y, T.e. mporHos mo LAO, X — BexTop
CpeIHUX 3HAUEHUH KOOPAWHAT B MaTpHIle coceneit X, T.e. “yCpeIHEHHBIH coCcell.

Coornourenue (21) umeer ocoObiit cMbIci. OHO TOKA3bIBAET, YTO IIPOTHO3, T10-
JY4eHHBI METOIOM JIOKAJTFHOU allpOKCUMAIIAH JTFI000TO TOPSIKa, eCTh JIMHEi-
Hast KOMOMHAIMSI TPOTHO3a HYJIEBOTO TOPSIAKA U OTKJIOHEHUH CTAPTOBOTrO BEKTOPA
oT “ycpeqHeHHOro” cocena. OTCIoa BHITEKAET /IBa BaXKHBIX CJIE/ICTBUSI.

1. TTonpaBka, 00yciIOBIIEHHAs OTKJIOHEHHEM CTapTOBOTO BEKTOpa OT “‘ycpe-
HEHHOTO” cocefla, KOPPEKTUPYeT HEPaBHOMEPHOCTh pacIpeielIeH sl coce/ieil Bo-
KPYT CTapTOBOTO BEKTOpa. ITO CIeNyeT U3 TOTO, UTO B CITydasX, KOT/a CTapTOBEIiA
BEKTOP OMHOBPEMEHHO SIBJISIETCS M IIEHTPAITBHBIM (C YIETOM BBIOPAHHOTO TIOPSI-
Ka amnmmpoOKCHUMAINH), T.€. COBIAJaeT C “‘yCpemHEHHBIM™ COCEIOM, TIOTpaBKa K
mporaosy mo LAO B cootBeTcTBHHE ¢ (21) OKa3pIBaeTcs paBHOH HyI0. YaCTHBIM
CIIy9aeM TaKoTO paclipe/IelIeHHs SIBIISETCS TI0JTHOE COBIIAJIEHNE COCEIeH 1 CTapTo-
BOTO BeKTOpa. Takas CHTyaIuss MOXKET BO3HUKHY T [IPH aHaJIH3€ MEPHOANIECKOTO

psina.

ZBonpoc 06paTMMOCTH MaTpHLibl K CIOCOGbI pacyera kK03(DMHUILHEHTOB, €ClIH OHA HEOBpaTH-
Ma, TpeOyeT OTACIBHOr0 PACCMOTPEHHS M CHEUUAIBHBIX METOJO0B, YTO CYLIECTBEHHO yCIOKHSIET
nporenypy pacuera [20].
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2. TlompaBka MPOTHO3a 3aBUCHT MMEHHO OT OTKJIOHEHHS CTapTOBOTO BEK-
TOpa OT IIEHTPAJIRHOTO BEKTOpA JJIS COCENeH, a HE OT aOCONIOTHBIX 3HAYEHWH
KoopauHAT BekTopoB. ClienoBaTenbHO, MIPU YUCIEHHBIX pacdyerax meromoMm LA
MIpaBMIIBHEE PACCMATPUBATh HE CAMH BEKTOPHI-COCENH, a WX OTKIIOHEHHS OT TH-
MOTETHYECKOTO [IEHTPAIFHOTO BEKTOPA.

BosBpamiasick kK BOIpOCy O BKJIIOYEHWH KOHCTAHTHI B ypaBHeHue (14), 3a-
MeTHM, uTo MeToq LAQ mpu ee OTCYyTCTBHM HE PEau3yeTcs U, CIEeNOBaTEIbHO,
PACCMOTPEHHBIE CBOMCTBA pEIICHUS 3a7add MporHo3a LA 0e3 MOCTOSHHOW He
TPOSIBIISTIOTCSL.

3anuuieM B SIBHOM BHUJIE pEUICHUE 3a1a41 TPpoTHO3a 1o MeToay LA. Ha ocHoBe
BeIpakennit (20), (21) nmeem:

bror =Y+ (0 X) [(x - 1) (x - 1x)] T (x- 1) (v 1)
(22)
3/1ech UCIIOJIBL30BAHO CBOMCTBO:

T T\ " I’
E—- |=(BE—-—_) (E-2_].
(1)~ (e~ 1) (e~ T)

W3 cootHOMIeHUS (22) BUIHO, YTO B BHIPAXKCHWHU JUIS TPOTHO3a BCE HMCXOIHBIC
JnaHHble, Kpome Y (“yCcpemHEeHHOTro” TpPOTHO3a, COBIAJAIONIETO C MPOTHO30M
LAO) BxomsaT B BHAE OTKIOHEHHI: (xL — X) — OTKJIOHEHHE CTapTOBOTO BEK-

_N\T
TOpa OT “YCPEIHEHHOTO COCena; <X — IX) — Marpuiia OTKIOHEHUH coceneit

0T “yCpemHEHHOTO” cocena; <Y - I?) — BEKTOP OTKJIOHEHWH WHAWBUIYAJIEHBIX
“pe3ynpTaToB 3BONIONUK coceiei 3a 7 1IaroB OT CPEAHET0 BAPUAHTA YBOJIOIHH.
Taxum 06pa3om, MPOU30IIEN MEPEXO K NEHTPUPOBAHHBIM BEITMUHHAM.

VYpasuenue (22) MoxeT ObITH HETOCPEICTBEHHO HCIIOIB30BAHO IUIS MOTyde-
HUS IIPOTHO3a METOJOM LA mpu 4HCIIEHHBIX pacueTax. EIMHCTBEHHBIM YCIIOBUEM
€T0 IPUMEHEHHS SBJISIETCSI 00PaTUMOCT MaTPHIIBI, CTOSIIIEH B KBaIPATHBIX CKOO-
kax. K coxanennio, mpyu JOCTaTOYHO JJTMHHOM PsIZie M COCENISIX, OMU3KUX K CTap-
TOBOMY BEKTOpY, 3Ta MaTPHIA TUIOXO OOYCIIOBJICHA M JUIS PEIICHHS YPaBHEHHS
TpeOyeTcs MpUMEHEHHE CIIENHABHBIX METO/IOB.

5. Bbi0op onTHMAaJILHOTO BapuaHTa LA 1pH NporHo3upoBaHNU HA HECKOJIb-
KO IIaroB BIiepes

HOJ'Iy‘-IeHHOC B MPEAbIAYIIEM pa3ejie B IBHOM BUAC PEHICHUE 3a/Ja4M MTPOTHO3a
METOAOM LA MoxeT OBITh HCIIONIB30BAHO JJI1 aHaJln3a pa3JIMYHbIX CBOICTB po-
THO3a, TaKHX KaK TOYHOCTb, YCTOﬁqHBOCTB u ap. 6e3 TPOBEACHUA YUCITCHHBIX
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pacueToB. CpaBHEHHE e CBOMCTB IIPOTHO30B, TOIYIaeMbIX B Pa3HBIX BapHaHTax
LA, mo3BossieT BEIOpATh ONTHMAIBHEIA BAPHAHT METO/A.

5.1. Cnoco0bl pemeHus 3a/la4i MpPpOrHo3a Ha HECKOJIBKO HIaroB BIeEpea

OCHOBHBIE BapHaHTHI TOCTPOEHHSI TPOTHO3a Ha HECKOJIBKO IIaroB BIEpPEd METO-
oM LA xauecTBEeHHO ObUTH OTMMCAHbI BhIIe. OCTAHOBUMCS Ha UX peaju3aliy B
pamkax obmieit Mmomenmn LA.

TlepBblit mIar Bo Bcex BapHaHTaX OJWHAKOB — MOCTPOECHHE METOIOM LA BbI-
OpaHHOTO TOPsKA TPOTHO3a T MOMeHTa BpeMeHH L + 1. Ilpu 3ToM OreHu-
BAIOTCSI TAPAMETPhI AIPOKCHMAINH (ag, a). Ha OCHOBE MOIy4eHHOTO MPOrHO3a
JIOCTPanUBAETCS MaTpuIia X MOCPEACTBOM JT00aBIEHHSI K HEH HOBOTO BEKTOPa, CO-
JIEpKaIIero B Ka9ecTBe MepBOi KOOpAMHATHI HalinerHoe 3HaueHue (11). Janpmre
CIIOCOOBI MPOTHO3a PACKOIATCS.

HTepaTHBHBIN cOCO0 MPOrHO3a

B 3TOM BapuaHTe Mpe/noIaraeTesl, YTo MOMyIHBLINAICS BEKTOP — COCEl CTap-
ToBoro. Kak Ob110 oTMeueHO B pasfene 3.3, Takoe MpennoioKeHne BechMa Co-
MHHUTENIBHO, OCOOCHHO €CITH PacCMaTpUBAETCsl ciTydyail GOJIbIINX BPEeMEHHBIX HH-
TepBAJIOB MEXY 3HAYCHHUAMU psifa. [[puMeHuTeIbHO K Moaend LA 0HO 03Hadaer,
9T0 K03 GunmeHTH a s Bektopa (11) mpu nporrose (L + 2)-ro 3HaYeHUS psi-
Jia COBIIAJIAIOT ¢ KO3 (PHUIIMEHTaMH, PACCIUTAHHBIMU IS CTAPTOBOTO BEKTOPA, H,
CIIeZI0BaTENIbHO, IPOrHO3UpyeMOe Beipaxenue st (L + 7 )-ro 3HaueHust psaaa (cp.
(21)) mmeeT BUA:

_ T _
iL-&-T _ Y(L+1) + (()A((LL_:;TJ]) _ X(L+l)> é(L—Fl). (23)

WHanexcsl B ckoOKaxX TOKA3BIBAIOT, Ha KAKOM IIare MPOTHO3a PACCUNTHIBACTCS
coorBercTBytomas BeanunHa: (L + 1) 03Ha4aer, 4To OHA BBIYMCISETCS TOJIBKO
Ha TIEpBOM IIIare W Jajee He MepecuuThIBAETCS; 3Hadenne ¢ uumekcom (L + T)
BBIUUCIISIETCS 3aHOBO HA KaXJIOM IIare.

B Bepaxkennn (23) Bce BETMUMHBI 3a UCKITIOYEHHEM BEKTOpa X(LLJTTJ 1> pac-
CUNTAHHOTO HA MPEABIIYNIEM IIare MpPOTHO3a, OCTAIOTCS HEM3MEHHBIMU IS
BCEX MPOTHO3MPYEMBIX MOMEHTOB BPEMEHH. JTOT (pakT OTpaKeH B WX HHJEK-
cax (L + 1). BexTop koopmuHaT “ycpenHerHoro” cocena X (“+1) paccunran 1o
HCXOIHOMY Habopy coceliell U TakKe He 3aBUCUT OT HOMepa Iara IporHo3a.

OCHOBHOE TNIPENMYIIECTBO HTEPATHBHOTO CIOCO0a — OBICTPOTA U JIETKOCTh
pacdeTa, IIOCKOJIBKY HE HaJ0 HCKaTh 3aHOBO COCEEH M IepecunThIBaTh Kod(d-
(unmenTsl. [1aBHBIN HEJOCTAaTOK — HEOOXOANMOCTD IPHHATHS HE 06ECCIOPHOTO
MPEeIIOIIOKEHHS, YTO JIF000H BEKTOP X(LL:'TTJ 1 SIBIISIETCS] COCEZOM CTapTOBOTO BEK-
TOpA.
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B pabote [21] moka3aHO, YTO TEOPETHUYECKH 3TOT BapHaHT Hamboyiee 060c-
HOBaH. MBI He OyZIeM paccMaTrpuBaTh ATO JOKA3aTeIhCTBO, OTMETUM TOJIBKO, UTO
1t 6a3zoBoro BapmanTa LAQ mporHO3 3THM cIoco0OM JacT YHUBEPCAIbHEINA pe-
3yJIBTAT:

Tper =YD = const(7). (24)

Taxum o6pazom, mporao3 mo LAQ urepaTuBHEIM CIIOCOOOM IS JIIOOOTO psia u
Ha J11000# Teproj — MOCTOSHHAS, HE 3aBUCSINAS OT BPEMEHHU. JTOT PE3ysbTar
TIpY BCEH €r0 OYEBHIHOW ONMMOOYHOCTH SIBISIETCS CIIEICTBUEM TIPEITIOIOKEHNS,
Ha KOTOPOM OCHOBaH HTEPATHBHEINA CIIOCO0.

IIpsaAMoii NPOrHo3 A/ KakKA0r0 cJaeIyI0Nero MOMeHTa BpeMeHH

IIporHo3 3TUM cHocoOOM MTPOBOIUTCS] HE3aBHCHUMO JUISI BCEX MCKOMBIX 3Ha-
YEeHUH psAna, T.e. IPOTHO3 3HAUYCHUS psifa B MOMEHT L + 1 HHWKak He BIUIET Ha
MOCTPOEHNE BEIWIMHBI B MOMEHT L + 2. IIpsMoii crocod IporHo3a peanmnsyer-
csl TIOJICTAHOBKOW B JIEBYIO YacTh OCHOBHOTO ypaBHeHms LA (16) pesymbratoB
HBOJIIOIMU coceliel 3a HyxHOe 4ucno maroB. CrieoBaTesbHO, UL MPOTHO3a
psina k MoMeHTy L + 7 B neByto 4acTh (16) HY)XHO MOICTaBHTh T€ 3HAYCHUS
BEKTOPOB—COCEIEH, B KOTOPBIE OHU Iepenuin 3a 7 maros. O0muil BUI IporHo3a
(L + T)-ro 3HaueHUsI psiga MPSIMBIM CIIOCOOOM B TeX ke 0003HAUEHHUSX, KOTOPhIE
HCTIOB30BATHCH AJISI OIIMCAHUSI UTEPATUBHOTO CIOC00a, HaeTcsl BEIPAKEHUEM:

o = PO ¢ (=) R 00) g,

IIpu mcmonp30BaHUM 3TOTO croco0a Ha KAKIOM IIare MepecUNTHIBAIOTCS Kak
nporuos LAO (3uauenue Y (“17)), Tak u ko5 HUIHEHTH! TMHEHHOH KOMOUHAIIMH
(Bextop a(L+7)). TIpu 9TOM CTapTOBBIH BEKTOP M COCENH OCTAIOTCA HEH3MEHHEI-
MH.

B ominune OT UTEPATHBHBIX BAPHAHTOB, MPSIMON CHOCOO MTPOTHO3HUPOBAHHUS
HE MOXKET JIaTh HEOTPAaHWIEHHO BO3PACTAIOIINE 3HAUEHMS, TaK KaK 37eCh HE TIPO-
HCXOIUT HAKOIUICHHUsI ONIMOKHU TMPOTHO3a, a OMKOKA 33 OWMH NIl HE BJIMSET HA
MIPOTHO3 CJEAyIoNero. B ciydyae MTepaTHBHOTO MPOTHO3a OIMMOKa Ha MEPBOM
niare B COOTBETCTBHM C (23) TOBIMSET HA MPOTHO3 JUISi BTOPOTO IIara W Tak
nanee. CienoBarebHO, SAMHCTBCHHAS 3HAYUTE/IbHASL OMIMOKA HA OAHOM U3 IIIa-
TOB MPH UTEPATUBHOM CIIOCOOE MPOTHO3ZMPOBAHUSI CIEIa€T OECCMBICICHHBIM BECh
JlaJIbHEHIIUI [IPOTHO3.

HNrepaTuBHbIi c1ocod ¢ mepecyeToM NapaMeTpoB

DTOT BapHaHT, 0CTaBasCh MO—CYIIECTBY HTEPATHBHBIM, HE HCTIONB3YET Mpea-
TIOJIOXKEHHST, YTO KaX[bIi HOBBII IpeJICKa3aHHBINA BEKTOP SBISIETCS COCEIOM CTap-
TOBOTO. [IpH NMPOTHOZMPOBAHWK ITHM CIIOCOOOM JUIST Ka)XKIOTO HOBOTO BEKTOpa
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MIPOTHO3a OTIPEEIAIOTCSI CBOH COCEAN. TakuM 00pa3oM, aJTOPUTM MIPeICKa3aHus
JIaHHBIM BapuanToM LA cieqyronuii: onpeaennTh COCeIed CTapTOBOrO BEKTOpa
(B oTJIMYHE OT MPOCTOTO UTEPATUBHOTO BapHaHTa 37IECh ATa MPOIeAypa JOJKHA
OCYIIECTBIISITRCSI Ha KaXIOM IIIare), MOCTPOUTH TMPOTHO3 HA OJWH IIAar BIIEPEN,
JI00aBUTH MOJTYYEHHBIN BEKTOpP KaK IOCIEIHUM B MaTpuily X H BBIOpATh €ro B
KauecTBe craproBoro. IToBropeHnuem 3Toi npoueaypbl 7 pa3 MOXKHO TOJIYYHTh
MPOTHO3 JyIsi 3HAYCHUH psina B MomeHThl L+ 1, L+2 ... L+7. Eciu B yaCTHOM
CIIydae OKa)XeTCs, 9TO Ha Ka)XKOM IIIare IIPOTHO3a COCEIU CTapTOBOTO BEKTOpa
ObUIM ONTHU M T€ K€, TO PE3yJbTaT MPOTHO3a COBIAJET C PE3YABTATOM IPOCTOTO
UTEPaTHBHOTO CIoco0a.

OO6wwmit Buj peneHus 3a1a4u 1porxo3a st (L + 7 )-ro 3HaueHus psiia 1pH
MCTIOIh30BaHIH UTEPATHBHOTO CHOCO0a ¢ TIEpecueToM apaMeTpoB MOXKHO 3aIl-
carb Kak

_ T ~ (L+T)
br = VO 4 (RE2) =X ) am,

~ (L+T)
Jst pacueta Bektopa X (“‘ycpenmHEeHHBINH™ cocell) MOTYT MCIIONB30BAThCS

PE3yIIBTaThl IPOTHO30B MPEANICCTBYIONIMX 3HAYCHUSI Psija, OITOMY K ero 000-
3HAUCHHIO J0OaBJICHA “KpBINIEUKa”. 3aMETHM, UTO 3Ta OCOOCHHOCTH HE BCETNa
BeJIET K TMOBBIIIEHUAIO YCTONYMBOCTH TIOJy4aeMOTO pe3ysIbTara.

KauyecTBeHHOE cCpaBHEHHE PACCMOTPEHHbIX CIIOCOO0B

Bepuemcs k mpumepy u3 paboThl [21] 0 IpOTHO3UPOBAHWH IOTOABI H pac-
CMOTPHM Kak paboTaer KaXIblii N3 PAaCCMOTPEHHBIX CIOCO00B. OrpaHHYUMCS
BapruaHTaMu HyieBoro mopsnka (LAO) u BEIOOPOM TOJBKO OTHOTO ONIpKaiimiero
cocema. Torma anroput™ neifcTBuil P UTEPATHBHOM CITOCOOE MOXKHO TIPENICTa-
BUTH CJIEIYIONIM 00pa3oM: HaXOAWM B HUCTOPHUH JIEHb ¢ HamOoiee MOXOXkKel Ha
CETOJIHSITHHIA JICHb TIOTO/I0N, CMOTPHM, Kakas morojia Obijia B CIIEAYIOIINH 32 HUM
JIEHb U YTBEPXKIaeM, 4TO Takasl JKe 1oroja Oyjer 3aBrpa, nocie3aBTpa U T.IL.

TTpu ucoNBp30BaHUH MIPSIMOTO CITOCO0a TIPOTHO30M Ha 3aBTpa OyJIeT Ta MOro-
Jia, 4to ObUIa B JIEHb, CIIEAYIOLIMH 3a HAalJIGHHBIM B MCTOPHMHM; HA I10CIIE3aBTpPA
— Ta, 9To Obla 4epe3 JIeHb MOCIe HAieHHOTO U TakK Jlajiee. 3/1eCh MOXET BO3-
HUKHYTb HEKOTOpPAsi CIIOKHOCTb, CBSI3aHHAsI C TE€M, YTO HanOOJIEe IMOXOKHUM Ha
CEeTONHSNIHAIN JIeHh MOXET OKa3aThcsl BuepamrHuii. Torma Juis mporro3a Ha MO-
ClIe3aBTpa MPUAETCS MCKaTh APYTrOro coce/a, Tak Kak Mbl HE 3HAeM JIOCTOBEPHO,
Kakas “Obuta” (TouHee, “OymeTr”) moroma depe3 ICHH IMOCJIC BUCPAITHETO JTHS,
T.e. 3aBTpa. Ho 3Ty mpobieMy MOXXHO JIETKO CHSITh, OTPaHWYUB 3apaHee BBHIOOD
cocerieil TOIPKO TEMHU M3 HUX, KOTOPHIE yAalIeHBl OT CETOIHSIIHETO JTHS Ha HeoO-
XOIIUMYIO JUTHTEITFHOCTH TIPOTHO3A.
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HakoHer, mpyu UCIONB30BaHUN UTEPATHBHOTO CIOCO0a C MEpecyeToM IOy-
YUTCS CIENYIONIasi MOCIEN0BATEILHOCTh ACHCTBUN: TpeacKka3biBaeM TOTOIY Ha
3aBTpa; CUATAsSI, YTO yTaJajiu, JUisl IPOTHO3a Ha TOCe3aBTpa UIIEM JEHb C TI0T0-
JI0¥, HanboJIee TIOX0XKEHN Ha TOJIBKO UTO CAEJAHHBIN MPOTHO3 U YTBEPKIAEM, UTO
ocJIe3aBTpa nmoroja OyAeT Takoi ke KaKk B JIeHb, TOCJICIOBABIIUI 32 HUM.

OCHOBHBIM DPE3YJIETATOM TPOBEJECHHOTO CPABHEHUS SIBJISIETCS] TPEATIONIONKE-
HUE, YTO HanOOjIee YCTOWYMBBIM METOAOM, JAIOUIMM CaMbI TOYHBIM MPOTHO3
Cpenu pacCMOTPEHHBIX CIIOCO00B, SBISIETCS MPAMOM criocod mporHosa. OH 6oiee
MOJIHO, YE€M IPOCTOW HMTEPATUBHBIA CHOCO0, HCIOIB3YEeT UMEIONIYIOCS WHGPOP-
MAIH0 U YCTOMYMB K OIMMOKAM B JAHHBIX W B BBIYHCJICHUSX, YeM JIH000# u3
WUTEPATUBHBIX BAPHAHTOB.

5.2. Beauumna ommMOKH TPOTHO3a: NMPEANOCHUIKM BHIOOpAa TMOPSIAKA am-
NMPOKCUMAIIMH U C0c00a MPOTrHO3UPOBAHMS

Wwmest oOmmii B BEIPAXKEHUS IS IPOTHO3UPYEMOTO 3HAYCHUS Psa B MOMEHT

L+7T, MOXXHO OLIEHUTH HACKOJIBKO B CPEIHEM OHO OTIIMYACTCS OT UCTHHHOTO 3HA-

YEeHUs psiia B 3TOT MOMEHT. J[j1s1 3TOro mpeaIion0kKuM, BO—IIEPBbIX, YTO HCTUHHOE

3HAUCHHE Psiia B MOMEHT L + 7 CyIIeCTBYeT M, BO—BTOPBIX, YTO OHO 3aJaCTCs

HEKOTOPOIi TaIKoi (DYHKITHEH BHIA:

rryr = fr(xe)- (25)
BBGI[GM OH.II/I6Ky IIPOrHo3a Ha mare T kax
ET = |IL+T — iiLJrT‘ . (26)

Lestb HACTOSIIIETO pa3esia — HOIYYUTh SBHOE BRIPAXKEHUE I OMIMOKH MPOTHO32
B CIIy4ae MUTEPaTUBHOTO U IIPSIMOrO CIIocO0OB MPOTrHO3MpPOBaHUA. B ciydae ure-
PaTHBHOTO Crocofa ¢ MepecueToM MapaMeTPOB OLEHUTH OIHMOKY 3HAYMTEIIBLHO
CJIOXHEE, TIOCKOJIbKY BO3MOXHO M3MEHEHHE Habopa coceneil cTapToBOTO BEKTO-
pa.

IIpu HynmeBOM MopsAKe anmpoKCUMAIUH, ciaeays (24), IporHO3UpyeMoe 3Ha-
YEeHUS Psifia IPU UTEPATUBHOM CTIOCO0e OyIeT MpencTaBIsAThCs Kak

Zs:fl (XL + 35) )
s=1

[1]] —

Tl CyMMHPOBAHHE BEIETCS TI0 BCEM COCEISIM CTapTOBOTO BEKTOpa. BekTtop 0
33/1a€T OTKJIOHEHHE COCela C HOMEPOM S OT CTapTOBOrO BEKTOpa. BhipakeHue
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JUISL TOI'O K€ 3HAYCHUS psjid, IIOJTYUYCHHOC IIPAMBIM CHOCO6OM, HUMECT BU/I:

~(direct)
Ly = =

fr (XL + Ss) .

[11] —
M[l]

s=1

IMoxcTaBnss 3TH cooTHOUIEHHUS B (26), MOTyYNMM 3HA4EeHHs OIIHOOK MPOTHO3a
UTEPATUBHBIM H NIPSIMBIM CII0CO0aMHt, COOTBETCTBEHHO:

E(lm) ‘xL+T — <f1 <XL + 5)>‘ (27)

EET D = |apir = (fr (xu+9))|- (28)

3nmech ycpenHeHne, 0003HaueHHOE YITIOBEIMUA CKOOKaMM, BEJETCS TI0 BCEM COCe-
JISIM.
Hcnone3ys pasnoxeHne B psia GYHKIHA [ 1 <x L+ 55) , cooTHOTIeHus (27),

(28) B mepBOM MOPSIAKE 110 0 MOXKHO MEPEIHUCATh KaK

— x|+ 0 <‘<S>D ’

A= 0(((3)).

B mpenenbHOM citydae, KOTZa COCEAM pPacHpeneseHbl PaBHOMEPHO BOKPYT
CTapTOBOTO BEKTOpA W, CIEI0BATEIHHO, <5>‘ — 0, IPOTHO3 IO TIPSIMOMY CIO-
co0y CTpeMHTCsi K MCTUHHOMY 3HAu€HHUIO, TOI/a KaK [POrHO3 110 UTEPATHBHOMY
croco0y UMeeT CHCTEMAaTHUYECKYI0 HeYORIBAMOITY 0 omiOKy. Takum oOpazoM, 6o-
Jiee TIPEATIOYTUTENHHEIM OKa3bIBAETCsl MIPSMOit CIIOCO0 MPOTHO3A.

Ipu anmmpoKCUMAIUK HEHYJIEBOTO TOpsIKa B COOTBETCTBHU ¢ (23) pelneHue
3aJ1a4¥ TIPOTHO3a HTEPATUBHBIM CIIOCOOOM MOXKHO MPENICTABUTH B BUJIE:

E(zter)

i) = (VU - XU by + xTb.

3nech <b0bT) — HEKOTOpble KoA(QQUIMEeHTE. VX 3HaueHHs 3aBUCAT TOIBKO OT

KOOpAMHAT HAWJIEHHOTO HA IIEPBOM IIare BEKTOpa IapaMeTpoB <&0éT) U JJH-
TeJILHOCTH MPOTHO3a. TakiuM 00pa3oM, HTEPAaTUBHBIN CIOCO0 B JIydlIeM Cllydae
JaeT JIMHEHHYIO 110 KOOPJIMHATaM CTapTOBOTO BEKTOPA AIIPOKCUMANUIO (YHK-
mun (25). Tlocmennee 03HAYaeT, YTO €CIU BBIOPAH MOPSIOK aMMpPOKCHMANNHU P,
TO UMEET MECTO HEeJIMHEHHAs alllPOKCUMANLUsL P-TO MOPSAKA C IOCTOSHHBIMH KO-
s pumeHTamMu.
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He3aBucuMo OT BBHIOpAaHHOTO TOPSIKAa NpsMO BapuaHT LA B oOmiem ciy-
yae JIaeT armpoKCUMAIIHIO TIEPBOTO TopsiaKa. TeM HEe MEHee W B 3TOM BapHAHTE
yBenuueHue nopsiaka LA MoXeT MOBBILIATh TOYHOCTh AllPOKCHUMALIUH.

Paccmotpu nipsimoit BapuanT LAl B omHOMEpHOM citydae. OnmOKy mpoTrHO3a
MOXHO TPEACTABUTh KaK

= = 52

B = (7o) — ) 220 o= 0 (5 @)
CrnenoBaTenbHO, IEPEXO] OT HYJIEBOTO K MEPBOMY HMOPSIKY MO3BOJSET CHU3HUTH
BKJI]] B OIMUOKY JIMHEHHOTO YIeHA MO § 3a CUET OIEHKU BETUYUHBI IPOU3BOIHOM.
B cioydae paBHOMEpHOTO paclpeneNeHnss cOCeel BOKPYT CTapTOBOTO BEKTOpa,
TaK k€ KaK U MU HYJIEBOM MOPSJIKE, MOTYIaETCs alMpPOKCHMAITHISI ¢ TOYHOCTBIO
JI0 BTOPOTO MOPSIKA 110 OTKJIOHEHHIO. VTHOT/Ia K XOpOIIUM pe3ysIbTaTaM MPUBOAUT
YBENTMYEHHE TTOPSIKAa METOMa, T.e. mepexon K LA2.

I'maBHOE TOCTOMHCTBO MPSMOTO BapHaHTa LA — 3TO yMEHBIIIEHHE OIIHOKH C
HOpHUONIDKEHHEM COCellell K CTAPTOBOMY BEKTOpPY: MPH OrpaHUYEeHHOCTH f7(x) u
§ — 0, e _, 0. Takoro He IPOMCXOZUT B HTCPATHBHOM BAPUAHTE: OIIMOKA
E#t”) OTIpENeNSATCS TOBeleHHeM (YHKIINH f7 ¥ HE3aBUCHMO OT BEJIHMYHHEI OT-
KJIOHEHHH MOKET OBITh CpaBHMMA C CAMHM 3HAYEHHEM IIPOTHO3a, HAYMHAS YXKE
€O BTOPOTO TIIara.

OOmuii BEIBOA W3 MPOBEIEHHOTO aHAM3a CIEIYIOIINN: UTEPATHBHBIN BapHy-
aHT HYJIEBOTO MOPSIIKA TIOJTHOCTEI0 COOTBETCTBYET OMPEACTICHUIO U TAeT allpOK-
CHMAITUIO HYJIEBOTO MOPSAKA, T.€. IPOTHO3 Ha JTH000€ KOJIMYECTBO IIATr0OB almpOK-
CUMUPYCTCA 3HAUCHUEM TIPOTHO3a HA OJWH 1Iar BUCPEI. B 10 *xe BpEMS TIpU
npsiMmoM BapuanTe LAQ cpasy mosydaercs ammpoKCHMAIHs [IEPBOTO MOPSIIKa, a
P PaBHOMEPHOM PACIPENENICHHN COCeeil BOKPYT CTapTOBOTO BEKTOpa — BTO-
poro mopsika.

Taxum 00pa3om, mpH UCTIONB30BaHUH MPsiMOTO BapruanTta LAQ mporHO3 Tem
TOo4YHEE, 4eM OJMKe M paBHOMEpPHEE OTHOCUTEIBHO CTApTOBOTO BEKTOpa pacmlpe-
JCJICHBI COCEau, TOraa Kak I/ITCpaTPIBHBIfl BapuaHT HOHOﬁCH CTOAIIMM YacaM,
KOTOPBIC MHOI1a TOKA3bIBAKOT TOYHOC BPEMS. Hcnonw3oBanue B UTCPATUBHOM Ba-
puaHTe LA BBICIIHX TOPSIKOB TO3BOJISET KAaUEeCTBEHHO YIYUIIUTH MIPOTHO3, HO
C YBEJIMYCHUEM TOPsJIKA YISl OLEHKU MapaMeTpoB Tpedyercst 0oJibIIe coceneH.
3TO IPUBOAUT K CHIKEHHUIO KadecTBa MPOTHO3a. [103TOMY MpH HUCIOBE30BaHUT
UTEPaTUBHOTO BapHaHTa Ba)XCH ONTHMAITBHBINA BRIOOD TOpSIKA alpPOKCHMAIIHH.
B mpssmom BapuanTe LA BBIOpaTh MOPSIIOK Jierde. Eciu psg KOpoTKUi U cocenn
pacripeniesieHbl HepaBHOMEPHO BOKPYT CTapTOBOTO BEKTOpa, TO omTuMaiieH LA,
Tak Kak B 3TOM cllydyae MHHUMH3UPYETCS BKJIAJ B BEIHYHHY OIMHOKH MPOTHO3a

37



JIMHEHHOTO TI0 OTKJIOHEHHSIM cliaraeMoro B (29). JlanpHelilee yBeTUUeHUE I10-
psiAKa ammpoOKCHMAIMM K Ka9eCTBEHHOMY YIyYIICHHWIO HE TpuBeneT. B ciyuae
JUITMHHOTO psijia C pAaBHOMEPHBIM PaclpeielieHHeM coceiell TnHelHoe ciaraeMoe
B (29) B cmiy cBOEH ManOCTH MPAKTHUECKH HE BIMSET HA BEIMYUHY ONIMOKH W
37IECh MOXKET OKa3aThCsl MOJIE3HBIM puMeneHne LA2.

OrneHnM [UIS TIPSIMOTO 1 ITEPATHBHOTO BAPHAHTOR OMIMOKY MTPOTHO3a, CBSI3aH-
HYI0 ¢ KOHEYHOH TOYHOCTBIO BBIUUCIICHUN. BBEIEM HECKOIBKO JONIOJIHUTEIIBHBIX
MIPEATIOIOKEHU.

1. Mcxonuslit psig GECKOHEYHO JUIMHHBIHN, T.€. BCETIa MOXHO HaliTH HEOOXO-
JTIMO€ KOJIMYECTBO MCTUHHBIX COCEIEH U CTapTOBOTO BEKTOPA.

2. Anmpokcumanus Gyskunu fr (X), zp17 = fr (X1) 11006bIM 13 paccmar-
pHBaEMBIX BapHAHTOB IIPOTHO3a, SIBISIETCSI a0COTIOTHO TOYHOM, T.€. JaeT Te ke
3HAUEHMsI, KOTOPBIE OBITH OBl TTOIyYEHBI ¢ TOMOIIBIO HCTHHHOW (YyHKITHN.

3. EnuHCTBeHHass MpUYMHA OMIMOKU NpPH MPOTHO3MPOBAHUHM — KOHEUYHOCTH
MIPEe/ICTAaBIIEHHs] YNCIIOBBIX 3HaYeHUH psfa (OrpaHMYEHHOCTh MANIMHHOH TOYHO-
CTH TIpefcTaBieHus uucen). [To3ToMy B mpoliecce pacueToB BMECTO MCTHHHOTO
3Ha4YeHUs pA/a NOJCTaBIsIeTCs OKaiiniee OKpyIIIeHHOE 3HaYeHHe, OTITHYalomie-
ecsl OT HCTHHHOTO Ha BEJINYHHY, HE IIPEBOCXOIANIYIO O (TTapaMeTp, XapaKkTepu3y-
10N MAaIIHHHYIO TOYHOCTH TpezcTaBieHus ncen). Torma ommoOka, BO3ZHUKAIO-
IIast ©3-3a ATOTO OTPAHUYCHHUS, PAacIpe/esieHa PABHOMEPHO Ha HHTepBaie (—J,0).
Jlucriepcus Tako# BENMUMHBI CyTh 02/3. Jlnsg 0603HaueHHs] ONIMOKH BBEIEM Be-
mmauny € (0, 62/3), Tne mepsas mudpa B cKOOKaX — MaTeMaTUIECKOE OXKUIAHHE
OIMIMOKH, BTOpas — JAUCIIEPCHS.

4. ByneM paccMaTpyBaTh OMHOMEPHBIN CITydall i IPeIIIoNoKuM, 9To |df 7 (x) /dx| =~
k7, tne k — BenuuMHa, KOTOpas ONpE/IENsSeTcs NapaMeTpaMi CHCTEMBI U HE 3a-
Bucut oT 7 u X. HecMoTpst Ha TO, 4TO X Tereph CKajsIp, OCTABUM ISl HEe
IpeXHEe MOTyKUpHOE Hanucanue. Vcrmons3ys mokasarens JIsmyHoBa A, U1 Jo-
crarouno Gombuux ¢ Haiem: |dfi(x)/dx| a2 e*. Yuureias, uto t = 77, e
T — IPOMEXKYTOK BPEMEHH MEXAY 3HAUCHUSIMU Psa, ¥ CUUTasl, YTO T BEJIHKO,
MOy IHM:

df; (x) o NT _ 1T
—— |~V =k,
dx

OrneHuM B paMKaX yKa3aHHBIX MPEANONIONKEHUH omMOKy MpOTHO3a Ha IIare
7. Tlpu ycnoBur OECKOHEUHOCTH Psijia Juisl JIIOOOTO CTApTOBOrO 3HAYEHHS Xp
Bcerza Haliercs Ommkaiiimii cocen X, COBIagaoNuii ¢ HUIM B IPeAeax OmHOKH
okpymienns: x = Xz +¢ (0, 6?/3). B Takom ciyuae 3Ha4€HHE IPOTHO3a Ha mare 7
OyZeT ¢ TOYHOCTBIO JI0 OIMOKM OKPYIVIEHHUS COBIAJATh CO 3HAYEHUEM, B KOTOPOE
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3a 7 maroB nepeier OnmKkaiimii cocesl CTapTOBOTO BEKTOPA:

52 52 52
Tppr = fr(x)+e <0, 3) =fr (XL +e (07 g)) +e (0, 3) : (30)
PaznosxuM (yHKIHIO 5Bomonuy B (30) B psAx O CTENEHAM OTKIOHEHHS cocela

OT CTapTOBOTO BEKTOPA (JI0 MEPBOTO MOPSAAKA BKIIOUYNTENIHHO). Torma
52

. 2\ 5
Tr4+7T " Tpy7 € 0,3 k' +¢ 0,3 .

C‘II/ITaSI OIIII/I6KI/I HeKOppeJII/IpOBaHHI)IMI/I, OTCHOOa HAXOOUM:
. 8/ or
Frar =TiiT+ € 0,§<k +1)]. 31)

CHCHOB&TGJ’[BHO, B IIPAMOM crmocobe MaTeMaTHIeCKOe OXXHJIaHUE MMPOTrHO3a JOJIK-
HO COBIIaJIaTh ¢ UCTUHHBIM 3HAYCHUEM, a JUCIICPCUA TPOTHO3a paBHA

Ddirect — (5_2 <k27 + 1) (32)
T 3 !

B ciygae nTepaTHBHOTO NMpOTHO3a HA MEPBOM Imare B cooTBeTcTBHH ¢ (31)

MOJTyYUM:
. 6’
Tr41=Tr41 T € (O, 3 <k2 + 1)) .
AHaNOTHYHO, 3HAYEHIE MPOTHO3a Ha BTOPOM IITare B cooTBeTcTBHH ¢ (30) mpumer
BU]
~iter 52 2 2
T =xrote 0,3 [(k —|—1)k +1] .

3HaIHUT MIPOUCXOAUT HAKOIUICHUE OIIHOKU OKPYIJICHUSI Ha KaXJOM Iare. HpO-
J0JIKadg MOCTPOEHUE MPOTrHO3a I CJIEAYIOIIUX MIaroB, MOXHO TMOJTYYNUTH o6mee
BBIpAXECHUEC IS JUCIIEPCUUN OIIHOKU MIPOTHO3a B UTCPATUBHOM BapHaHTE:

) 62
DF = gd% dr =dr1 kK’ +1, do=1

nim
52 T ) 52 T-1 )
= Zk%:§ BT+ k¥ +1 (33)

j=1
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Maremarndyeckoe OKHJaHHE B UTEPATUBHOM BApPHAHTE TAKXKE JIOJDKHO (IIPU TOY-
HOW anmpoKcuManuy (yHKIINH MPeoOpa3oBaHus) COBMAAATh C UCTHHHBIM 3HAYe-
HHUEM DpAa.

Cpasnusas Beipakenust (33) u (32) MOXHO 3ameTuTh, uto Dier > Ddirect
[PUYEM PABEHCTBO BO3MOXKHO TOJBKO jinbo npu k = 0, nubo npu 7 = 1.
B ocrambHBIX chyuasx D" > Ddirect re. ommbka MporHO3a B UTEPATHBHOM
BapuaHTe JOKHA OBITH HE MEHBINE, YEM IPU NMPSIMOM BapHaHTE HporHo3a. [lo-
3TOMY IPSIMOIl BapuHaHT NPOTHO3UPOBAHMS CHOBA OKA3bIBACTCS IIPEATIOYTHTEIIb-
HEE UTEPATHBHOIO. B Cilyuae HEXaOTHYECKOTO MOBEIEHUS] CUCTEMBI k = 1 u
Ddireet = 252/3 Diler = (T + 1)§?/3. Poct D¥" ¢ ypenuuennem 7 — 3710
CJIEZICTBUE YBEIMYIECHUS OMMOKA 3a CUET MOCIIEI0BATEIBHBIX OKPYTICHHUI.

To ke camoe TPOMCXOINT, €CIIH BMECTO TOTO, YTOOBI M3MEPATH IUTHHY OT-
pe3ka IEeINKOM, Pa30HTh €ro Ha YaCTH W U3MEPSTh KaXAyI0 YacTh OTIEIBHO,
OKpYTJISIS TTONTydaeMble pe3ysbTaThl. B mpenensHOM cilydae, ecnu JIHHA JT000H
YacTH OTPe3Ka OKaXETCsl MEHBIIE ITOJOBHHBI JCJEHNS JIMHEHKH (TIpH cTaHIapT-
HBIX TIpaBHJIaX OKPYIIIEHHS B CTOPOHY OIMXKAMIIero Ienoro), To obmas AIuHa
0Tpe3Ka, M3MepeHHast TaKuM 00pa3oM, MOIYyYUTCS HyJIeBOH, BHE 3aBHCHMOCTH OT
€ro peasbHOHN JJIHHBL.

OCHOBHBIM PEe3yJIbTaTOM IPOBEICHHOTO CPaBHEHHS BapHaHTOB LA sBisiercs
TOT (haxT, YTO HanboJIee YHIBEPCAIFHBIM METOIOM IIPU IPOTHO3UPOBAHNH JJOCTA-
TOYHO JUTMHHBIX CTAallMOHAPHBIX HEPETYISIPHBIX BPEMEHHBIX PSIOB OyIeT MpsMoit
BapuaHnT LAQ. C ogHOM CTOPOHBI, OH MOXKET O0eCIeYrBaTh MPOTHO3HPOBAaHUE
C BEIMYMHOM OommOKY, yObIBaIOIIEH IPONOPIHOHATIBHO CpeTHEMY KBaIpaTy OT-
KJIOHEHHH coceiell oT cTapToBoro BekTopa. C Npyroi CTOPOHBI, pacyeT 0 3TOMY
METOZY SIBJISIETCS] CAMBIM IIPOCTBIM U3 BCEX PacCMOTPEHHBIX. Kpome Toro, mpu ero
UCTIOJIE30BAHUH HE BHOCSTCS JOTIOJHUTEIRHBIE ONMIMOKM, CBI3aHHBIE C METOIOM
HOUCKa KO3(QPUITMEHTOB. DTO MOTHOCTHIO COOTBETCTBYET HHTYHTUBHO IIOHITHO-
My METOAY MPOTHO3a 10 MCTOPUYECKNM aHAJIOTHSIM. B cilyuae orpaHHYeHHOTO
Ha0Opa MAaHHBIX WIM WX HEPAaBHOMEPHOTO pacHpeNesIeHHsI BOKPYT CTapTOBOTO
BEKTOpPa MOKHO BOCIIOJIb30BaThCsl NPSIMbIM BapuanToM LA,

5.3. Pe3yabTarbl YHCIEHHOI0 CPABHEHHS

OcymiecTBUTh MPOBEPKY cooTHomIeHu# (32) u (33) s CTOXaCTHYECKUX PSIOB
YHCIIEHHO HE NPEACTAaBILIETCS] BOSMOXKHBIM, TaK KaK IIEPBBIC JBA IPEATIOIONKE-
HUSl, HA OCHOBE KOTOPBIX OHHM OBUIM BEIBEJICHBI, HA MPAKTHKE HEPEATN3yEMBL.
OJHAaKO MOKHO CPaBHHTH TOYHOCTH IIPOTHO30B, IIOJMy4aeMbIe pa3IMYHbIMU Ba-
puantamu LA. B xauecTBe 00BEKTOB CPaBHEHMSI TOYHOCTH ITPOTHO30B BRIOEPEM
PAIbI, TONy4YeHHBIE U3 TeX ke ypaBHeHuid MG u JlopeHma, a cpaBHUBaTh II0-
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JlydaeMble TIPOTHO3BI OyeM, cienys pabore [21], Mo BeaumunHE HOPMHUPOBAHHOU
CPEIHEKBAAPATHIHON OMIMOKY WITH ONTMOKH MPOTHO3a:

<(ft+7 - ft+T)2>t
((fo= (),

31ech ycpeqHeHHe MPOBOIUTCS IO MOMEHTaM Hadaila MpOrHo3a. EcrecTBeHHO,
yeM MeHbIIe OIMOKa MPOTHO3a, TeM OH Jiyuine. Ecin BenmunHa E mpeBbImaeTr
€IMHHILY, TO MIPOTHO3 HEYIaUHBII ¥ BMECTO HETO JIy4IlIe B3SITh CPEAHEE 3HAUCHUE
psma. Jist OoJbIei HAJEKHOCTH MOYyYaeMOU OIIEHKH WCIIONIB3YeTCS HE apud-
METHYECKOe CpeHee 0 HauaJbHbIM MOMEHTaM MPOTHO3a, a Me/IMaHa.

PaccMmoTpuM cHawanma psiA 3HadeHUil, MOTydeHHBIH U3 ypaBHeHus MG mpu
TeX JKe yCJOBUAX, 9To W B padote [21]: N = 10000, 7 = 6, p = 4, xomude-
CTBO cocelell — BIBO€ OOJIbIIE MHHHMAJIBHOIO, T.. = = 2 mua1 LAO, = = 10
g LAl u =2 = 30 nna LA2. Pe3ynberarsl CpaBHEHHUSI IIPEACTABIEHBI Ha pHUC.6.
W3 pucyHka ciegyer, 4To B JaHHOM IIpUMEpE JyUIIUM OKa3ajcs UTEpaTUBHbBIN
BapHaHT C TIEepecueToM IMPHUYEM, €CIId Uil HYJIeBOrO MOpSAKa €ro MpeuMyllie-
CTBO HE3HAYUTENBHO, TO IPU MPUMEHEHUH CTApUIMX HOPSAKOB allpOKCHUMAIUH
STOT BapUAHT IMEET aOCOMIOTHOE MIPEUMYIIIECTBO IIepeT IIPSIMBIM BapraHTOM LA.
IIporuo3 no ureparuBHOMY BapuaHTy LA oKa3ajicsi COBEPILIEHHO HEYAaYHBIM U
IIPOCTO HECPABHHMEIM C JPYTHMH BapuaHTamu (CM. BPE3Ky Ha puc.6). IToT pe-
3yJABTaT MPUHLIUIUAIBHO OTIMYAETCS OT MOJIyYEHHOTO NPHU TEX K€ YCIOBUSIX B
pabote [21]. Tam uTepaTHBHBIN BapHAHT OKA3aJICs JIydIlle PSIMOTO.

Bo Bcex BapmaHTax JIydmme pe3ysbTaThl IMOJNyYMINCh MPHU HCTIOIB30BAHUH
[IEPBOTO MOPsIKa allpoKcUManuu. BTOpoll mopsanok nan Xy[uue pe3ysbTaThl.
ITporHOo3 mpu HYJIEBOM MOPSIIKE AMIIPOKCHMAIIMN OKa3aJiCsl CYyIIECTBEHHO XyXKe,
IPaB/a, B IPSIMOM BAPUAHTE TOJIBKO IIPHU HEOONBIION AJIMHE MIPOTHO3A.

Taxum 00pa3om, 37eCh JIyUIInM OKa3aJiCsl NTEPaTUBHBIN BapHaHT C Mepecue-
TOM IIEPBOTO HOpsiiKa. B mpsMoM BapHaHTe JIydllIHe pe3yibTaThl TaKke ObLIH
MOJTY9EHBI PN AIMPOKCUMAIINH TIEPBOTO MOPSAKA, HO HA TOCTATOYHOM YJAJICHUH
OT CTapPTOBOH TOUKM PE3yNIBTaT MPAKTUYECKU HE 3aBHCUT OT IOPSIKA AlIPOKCH-
MaIiH.

OpHako eciim HEMHOTO M3MEHHTH MapaMeTphl, B IEPBYIO OYepe/b 3HAYCHUE
T, T.e. paccMoTpeTh psa MG npu 7 = 1 1 BBIOpaTh KONUYECTBO cOceliell BTpoe
6oiprre MuaEMaNbHOTO (= = 3 st LAO, = = 15 ama LAl u = = 45 mis LA2),
pe3ynbTaThl oKaxyTes apyrumu. OHM TpeacTaBieHsl Ha puc.7. B aToM npumepe
pe3yibTaT UTepaTUBHOTO BapuaHTa LA cHOBa OKa3aJcs XyALUIUM, HO JIYUILIUM YKe
cTai npsMoit Bapuant LA.
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Puc. 6: 3aBUCHIMOCTD ONMMOKA OT JUTHHEI TPpoTHO3a s psina MG (7 = 6). Ute-
PATHBHBIM BapuaHT 00O3HAYEH Kak iterat, mpsiMoit — direct, HTepaTUBHBIN C TIe-
pecueroM — recalc. Menuannoe ycpeanenue mo 500-M ToukaM crapra.

OOpBIB IMHUY, COOTBETCTBYIONIEH IIPOTHO3Y IO MTEPATHBHOMY BapHaHTY C
[IepecyeToM BTOPOTO MOPS/IKA, CBSI3aH C 0COOCHHOCTSMHE YHCIIEHHON peasn3anin
aNTOPUTMOB pacueTa. B TaHHOM cilydae HEBO3MOXKHOCTB JAallbHENIIEro IOCTPOE-
HUA TIPOTHO3a ObLIa BBI3BAHA TMPEBBIIICHUEM MAKCUMAJIBHO AOITYCTUMOTO YUCIIO0-
BOTO 3HA4€HHS, YTO 0OYCIIOBICHO KOHEYHOH TOYHOCTBIO IPOBOJAMMBIX PacieToB.
370, a TaKkXkKe HAKOIUIEHWE OMMOKHM, XapaKTepHOE JJIsI MTEPATHRHOTO BapHaHTA
LA, MOXeT IpUBOANTH K HEKOPPEKTHBIM PE3yJIbTaraM, Kak 3To ObUIO B IpEMeEpe
Ha puc.4.

M3 paccMOTpEeHHBIX NMPUMEPOB CIIEAYET, UTO ISl PsiJIOB, OTPAHUYEHHBIX 110
KOJIMYECTBY HCXONHBIX JAHHBIX, B KaXKIOM CIIydae JIy4dlllM OKa3ajics HEPBBIA
MOPSIIOK AIPOKCUMANINHU. DTO CBSA3aHO ¢ HEOOIBIION JUTMHON TPUMEHSEMBIX Psi-
JIOB, IIOTOMY PE€3yJbTaThl IIPH AIIIPOKCHUMAIUM HYJIEBOTO IMOPSAAKA OKa3alUCh
Xy’Ke, 4eM B CIIyJae JIMHEHHOM ammpoxcumanuu. [IposBuBIIeecs: B OOIBIIMHCTBE
CIIy4aeB IPEBOCXOACTBO JIMHEHHOW ANIPOKCUMALMK HAJl AlIpPOKCUMALUEd BTO-
POTO MOpPsIIKA CBSA3aHO C OTPAHMYEHHON TOYHOCTBIO pacueToB. C pOCTOM HOPSII-
Ka alIpOKCHUMALUU OTPHUIATEIIBHOE BIIMSHUE TOYHOCTH HAa KAaueCTBO IIPOTHO3a
Bo3pacTaeT. Bce ckazaHHOE OTHOCUTCA B IEpPBYIO odepelqb K NPSIMOMY M UTe-
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Puc. 7: To xe, uto Ha puc.6, HO Tipu 7 = 1.

paTHBHOMY C IIEPECYETOM BapHaHTaM, TaK KaK WTEPAaTHBHBIN cIOco0 BEIET K
HENPUEMIIEMON TOYHOCTH IIPOTHO3A.

WreparuBHBIN BapuaHT C IEPECUETOM, KOTOPBII AAET B CPEJHEM PE3YyJIbTATHL,
COIIOCTaBUMBIE II0 TOYHOCTH C IIPSIMBIM BapHaHTOM, B KOHKPETHBIX 3aJa4ax IIpo-
THO3a MOXET MPUMEHSTHCS TOJBKO Kak LA(. DTO CBSA3aHO C TeM, YTO ITPH HCIOIb-
30BaHUU CTapLIMX NOPSIKOB BBICOKA BEPOSTHOCTD IOSBIICHUS CHCTEMATHYECKHX
omuOOK 3a CUET XapPaKTEPHOTO JJIsI 3TOTO BapHaHTa OBICTPOrO HApacTaHUs MO-
TPEIIHOCTH MPOTHO3a, 00YCIIOBIEHHOTO MOTPENIHOCTSIMHU YHCIIEHHBIX PACUETOB.

6. 3akaioueHue

ITporro3 Mo BpeMEHHBIM psiiaM SIBJISIETCS] OAHUM U3 HamboJiee BayKHBIX HallpaB-
JICHUH TIPHIOXKEHUSI Pe3yNIbTaTOB TEOPHH AWHAMHYECKHX CHCTEM K pEIIeHHIO
MPaKTUYECKUX 3a]a4 PazIndHbIX oOnacTel Haykw. HecMmoTpst Ha Xopomio pas-
pabOoTaHHYIO K MOMEHTY IOSIBIICHUS 3TOH TEOPHU TEXHHUKY IIPOTHO3a BPEMEHHBIX
psnoB Ha 0a3e JMHEWHBIX IapaMeTPHUYECKHX Moeiel, ee BKJIax B pa3paboT-
Ky METOZIOB IIPOTHO3HMPOBAHMS OKa3ajcs BechbMa 3aMeTHBIM. C Hell HOsBHINCH
HOBEIE TTOJIXOIBI, OCHOBAHHEIE, B TOM YHCIIE HA MPWHINIE JIOKAIBHON ammpoK-
cuManuy. [IpenMymiecTBa JOKaJIPHOM alIIPOKCHMAITUH HPOSBISIOTCS B IEPBYIO
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ouepeb PU MPOTHO3UPOBAHUK HEPETYIAPHBIX (XaOTHYECKUX W KBa3HITEPHOIH-
YECKWX) CTAIIMOHAPHBIX BPEMEHHBIX PSIJIOB.

Ha ceromHsmmHmiA IeHb CYNIECTBYET IEIbIH HAOOP METOMOB, OOBEIMHEHHBIX
WCTIOJIb30BAHUEM TIPHHIINTIA JIOKAJHHON anmpOKCHMAIIMU. DTO TMPUHIIUT 3aKITI0-
4aeTcss B NMPUMEHEHUM MOJIEJIEH anmpOKCHMAallMM, B KOTOPBIX 3HAYEHHS Mapa-
METPOB MEHSIIOTCSI OT OIHOW JIOKAJTHLHOW TIOA00JIACTH MPOCTPAHCTBA 3aJEPKEK K
JIpyroii. B octaimbHOM, T.€. B KOHKPETHOM BHJIE HCTIOJIB3YEMbBIX MOJIEJICH, TPUHIIN-
IaxX MPOTHO3MPOBAHUS HA HECKOJBKO IIATOB BIIEPEN U IMPHUMEHSIEMBIX CIOCO0ax
YHUCJIEHHBIX PACYETOB, OTH METOJbI CYHNIECTBEHHO pacxoasrcs. Takum oOpasom,
BO3HHUKAET 3a/laua CHCTEMaTH3allii CYIIECTBYIOUINX pa3HOBUAHOCTEH LA U BBI-
0opa u3 HEX HanboJIee ONTUMAJIBHOMN B KaX10M KOHKpETHOM cityuae. CripaBUThCsI
C HEii MO3BOJISIET TPEAJIOKEHHAs 00Ias MaTeMaTHIeckass MoIeab MeToIoB LA,
OHa TakXe JaeT BO3MOXHOCTH BBISICHUTh HEKOTOPHIE CYNIECTBEHHBIE OCOOEH-
HOCTH TIOJIy4a€MOTO PEIIeHUs 3aJaudl mporHo3a. OCHOBHOM BBIBOJ, CAETIAHHEIM
C TIOMOIIBIO YKa3aHHOI MOJIEITH, CIIEAYIONINIl: ONITHMAIFHEIM IT0 COOTHOIIEHUIO
TOYHOCTHA M YCTOHYMBOCTH TMPOTHO3a SIBJISIETCS MpsIMON BapuaHT LA HyneBOro
mopsiika. B ciydae KOpOTKHX HE 3alTyMIIEHHEIX psiioB Oolee 3()()eKTHBHEIM MO-
JKET oKa3aThces npsiMoid BapuaHT LA 1. Ho mipu 3TOM BaKHO YYUTHIBATh CBS3aHHBIC
C HUM BBEIYHCIIUTEILHEIE CIOXHOCTH.

B nanpHelinieM npemosiaraeTcs MPOBECTH aHATUTHYECKOE M IMPAKTHIECKOE
CpaBHEHHE aJTOPUTMa W Pe3ylbTaTOB MPOTHO3a o mpuHIMIY LA ¢ mpyrumu
M3BECTHBIMH METOaMH IIPOTHO3UPOBAHISI BpEMEHHBIX psIOB. B mepByro ouepens
¢ OJIM3KUMU 110 UCOJOTHH, HO HE SBJISIONUMUCS JIOKAJLHBEIMU, METOAAMH THIIA
SSA [10,13]. Kpome Toro, nepBoouepeiHoM IeIpl0 AadbHEHIINX UCcCleT0BaHUI
SIBIISIETCSL TIPOBEPKA CIENIAHHBIX BBIBOJIOB Ha peajbHBIX psAJaX, paCCMOTPEHHBIX,
HampuMep, B paborax [11,12,37,38].
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