2. BbiIBOP MOAE/IbHOW CTPYKTYPbI

B HacTosilem pasgene npeacTaBfieHbl HEMIMHENHbIE MOAENbHbIE CTPYK-
Typbl, peanu3soBaHHble HA MHC, npeaHa3sHayeHHble Ans naeHTuduKaumm
CTOXaCTUYECKUX AMHAMUYECKUX cucTeM. MpoToTnnamm HempoceTeBbIX MO-
[Aenen siBNSTCA NIMHENHbIE NPeACTaBNEHUS AMHAMUYECKUX CUCTEM, pac-
CMOTpeHHble B rnase 1 HacTosiwen paboTbl. 3HauuTenNbHOE BHUMaHWE
yaensietcss Bbloopy BHELWHEW W BHYTPEHHEN CTPYKTYpbl HEMpPOCETEBbLIX
mMozenen.

BBegem cTporve onpeaeneHns CUCTeMbl, MOAENbHOM CTPYKTYpbl U MO-
[leNTM B COOTBETCTBMM C TEPMUHONOrMEN, NpuHaTon B [9].

PeanbHas cuctema S MoxeT 6biTb NpeacTaBneHa cneayowmm obpa-

30M:
S:y(t) = gole®) +eo(t), (2.1)

rae go(e(t)) — HEKOTOPOE HENMHEHOE OTOBpaXKEHME, peanu3yeMoe CUC-

TEMOW;

¢(t) — PErpPeCCHOHHbIN BEKTOP;
go(t) — curHan Tvna «6enbin WyM», He 3aBUCALLMI OT BXOAOB CUCTEMDI.

MopenbHasa cTpyktypa (M) npeactaBnsieT coboli NapaMeTpu3oBaH-

HOEe MHOXXEeCTBO MOAeNen-KaHaAUaaTOB:

M- {9(9(t,0).0)[0 € Dy |, (2.2)

y(t) = 9(e(t,6),0) +e(t) , (2.3)

roe 6 onpeaensieT Habop p HacTpamBaeMbIX NMapaMeTpoB MoAENM;



D, — HEKOTOpoe MOAMHOXECTBO MPOCTPaHCTBa RP, HAa KOTOPOM OCy-

LLIECTB/ISIETCS NMOUCK KOHKPETHOW MoAesn.
MporHo3upytoLwas MoaenbHas CTPYKTypa MOXET 6biTb NpeacTaBfieHa B

CneayioLuleM BUAE:
y(t]0) = g(o(t,6),6) . (2.4)

OCHOBHbIM TpeboBaHMEM K MOAENbHOM CTPYKType SIBNSETCS NpUHaja-

NEeXHOCTb peaanOﬁ CNCTEMDI 5MHO)KeCTBy MOﬂ,eﬂeﬁ M
SeM. (2.5)

Mopenbto M~ HasbiBaeTca onucaHue Tuna (2.4) npu ycrnoBUM KOH-

KPETHOro 3a/laHnsl BEKTOpa 0=0":

*

M™: M =M(0"); 6" Dy, . (2.6)

TakuM 06pasoM, 3afla4a MAEHTUDMKALMN COCTOUT B MOCTPOEHUN HEKO-
Topoi (B 0obLleM cny4yae, HeNMHENHOM) YHKUMKM g(op(t,0),0), rae o(t) —
PErpeccMoHHbIN BEKTOP, @ 6 — BEKTOpP NMapaMeTPoB, HAcCTpavBaeMbIX B

npouecce peanusaumm anroputma naeHTubuKaumm.

2.1. ba3oBble HelpoceTeBble MOAeJIbHbIe CTPYKTYPbI

MpobnemMa MaeHTUDUKAUMM HENMHENHBIX AMHAMUYECKUX CUCTEM CBSI-
3aHa C Ype3BblYaliHOWM TPYyAHOCTbLIO BbiGOpa CTPyKTYpbl Mogenu. Crnocob-
HOCTb MHOTOC/IOMHbIX HEMPOHHbLIX CETEN MOAENMPOBATb MPOM3BOJIbHLIE
HENNHeNHble HenpepbiBHbIE QYHKUMM B pe3ynbTaTe 00y4yeHUs Ha MHOXe-

CTBE NMpUMEpPOB NMO3BONAET B(bq)eKTVIBHO pewaTb AaHHYIO np06neMy.



Peanusaumst MoAeNbHOM CTPYKTYPbl HA ABYXC/TIOMHOW HEMPOHHOM ceTu (C
yyetoMm (1.37), (2.2) n (2.3)) nMeeT cneaylowee matematnyeckoe npea-

CTaBneHune:

9(e(t,6),0) = §(t[6) = §; (t|(w,W)) =

:F[iwjf[%wj|@|+wjo]+wo} (2.7)

j-1 =1
rpe
£ (x) = th(x) (2.8)
— aKTVMBALIMOHHAsA (PYHKLUSA HENPOHOB CKPLITOrO C/oSsi;
F(x) =kx; k =const (2.9)

— aKTUBaUMOHHas yHKLUMS HEMPOHOB BbIXOAHOMO C/OS;

n, — Pa3MEPHOCTb PerpeccMoHHOro BekTopa (uncno Bxoaos HC);
N, — YMC/O0 HEMPOHOB B CKPLITOM CIIOE;

0 — BEKTOpP HACTpauBAEMbIX MapaMeTPOB HEMPOHHOMN CETW, BKIHOYALO-

LN BECOBble KO3MMULMEHTbI N HEMPOHHBIE CMELLIEHUS (W i, W) .

Ncnonb3oBaHne MHC B KayecTBe MoAesibHbIX CTPYKTYp npeanonaraet
pelueHne ABYX OCHOBHbIX Npobnem:
e Bbl6Op BEKTOpa BXOAOB (perpeccopa) HeMpoCeTEBON MOAENN;
e Bbl6Op BHYTPEHHEN CTPYKTYpbl HEMPOHHOMN CETW.

BrnonHe ectecTBeHHbIM CNOCO6OM MOCTPOEHUSI HEMPOCETEBLIX MOAENb-
HbIX CTPYKTYp SIBNSIETCS MCMNOMb30BaHWE METOAO0B MAeHTUdMKauum Ha oc-
HOBE JIMHEWHbIX MoAenen. TOT noaxod obnajaeT cneaylwmMn npenmMy-

LecTBaMu:



e OnpefeneHne perpeccMoHHOro BekTopa 6asupyeTcs Ha XOpowo Wu3y-
YEHHbIX MeToAax MOCTPOEHUS JIMHEWHBbIX CTPYKTYp (CM. rnaBy 1); BHyT-
peHHAS cTpykTypa MHC MOXeT pacumpsaTbCa B 3aBUCMMOCTU OT CTere-
HW CNTOXXHOCTU HEIMHENHBIX 0TOBpaXxkeHui (2.4);

e YPOBEHb C/IOXHOCTM BblOOpa MOAENBHON CTPYKTYPbl MOXET 6bITb 3Ha-
YUTENbHO CHMXKEH, YTO SIBNISIETCA CYLLECTBEHHbLIM MPWU MCMOSIb30BAHUU
MEeToAa KOHEYHbIMM MOJSIb30BaTENAMMN (TEXHOMOraMu);

e OMy4YeHHbIE MOAENN MOryT ObiTb MCMOMb30BaHbl AN CMHTE3a CUCTEM
yrnpaB/neHus.

HelpoceTeBble MoAenbHblE CTPYKTYPbl MOTYT ObITb NPeACTaB/EHbI BEK-
TOPOM BX0OA0B (perpeccopoM) v 0606LeHHON hopMor OnmMcaHusl NPOrHo-
3UpYyLOLLENA MOAENN B COOTBETCTBMM C BblpaXkeHneM (2.4). B kauyectBe ba-
30BbIX HENMHENHbIX HEMPOCETEBbLIX MOAENbHbLIX CTPYKTYP MOryT ObiTb UC-
Mosib30BaHbl creaytowme MoanduKkaumMm TMHENHbIX PErpeCCUOHHBIX MoAae-
nen:

NNARX (Neural Network — based AutoRegressive eXogenous signal) —
HelpoceTeBasi aBTOPErPECCMOHHAsi MOAESb, K30reHHbIN TUM CUrHaOoB.

Perpeccop:
ot,0) =[y(t-1)...y(t-n,)  ut—n,)...utt-n,—n,+1]". (2.10)
MporHo3upytowas Mmoaernsb:
§(t]0) = §(t|t—1,6) = g(o(t).6) . (2.11)

Mopenn NNARX, Tak e Kak MX JIMHENHble NPOTOTUMbI, SABNSIOTCS YC-
TOMYMBBLIMK, TaK KaK NPeACTaBAstoT CO6oN NpoCTyo anrebpanyeckyto 3a-
BMCUMOCTb MeXZy MPOrHO3MpPyeMbIM BbIXOAOM U MpPeALIecTBYOWNUMU 3Ha-

YEHUSIMM BXOAOB M BbIXOAOB CUCTEMbI. ITO CBOI‘/JICTBO, 0CO6eHHO BaXkHOE B



C/lydae MOAENMPOBaHUSI HENMHENHBIX CUCTEM, 0OYyCNoBMMBAET Mpeanouy-
TeHune, otaaBaemoe NNARX-MogensiMm B criyyae uaeHTudukaumm aetep-
MWHUPOBAHHbLIX 06bEKTOB C HU3KUM YPOBHEM U3MEPUTESbHbIX LLIYMOB.
NNARMAX1 (Neural Network — based AutoRegressive, Moving Average,
eXogenous signal, BapuaHT 1) — HeMpoceTeBasi aBTOPErpecCUOHHasl Mo-
[eNb CKOMb3SILLEro CpeAHero, 3K30reHHbIN TUN CUrHanoB; BapuaHT 1.
Perpeccop:
o(t,0) =[y(t-1),...,y(t—ny),u(t—ny),...,
u(t—n, —n, +1),&t-1),...,et-n.)]" = (2.12)
T T
=[] (0,&(t-1),....5(t-nc) |,

rae e(t)=y(t)- y(t|6) — owmbka NPOrHO3MpOBaHUS.

MporHo3upytowas Mmoaernsb:
9(t|0) = 9(o1(1), 0)+ (C(a ™) ~D(t), (2.13)

roe C(q ) =1+c¢,q7 +...+¢,q™" — NOSIMHOM OT OnepaTopa 3anasabiBaHus g.
HecmoTps Ha TOT dakT, uTo DyHKUMS g peanusyetcs Ha MHC npsiMoro

[AENCTBUSI, NporHosupytowas moaenb (2.13) uMeeT obpaTHble CBA3M:

owmnbkKa NporHO3nMpoBaHMa 3aBUCUT OT BbIXoAHOro curHana MHC y. [ns

nnHenHoro cnyyast (mogens ARMAX) yCTOMUMBOCTb MOAENM MOXeET 6biTb
yCTaHOBJ/IEHa NMyTEM aHanu3a KOpHeW MoniuHoMa C B Cilyvae HempoceTe-
BOM peanu3auuyM NpOBECTU aHanv3 YCTOMYMBOCTM MOAENWN 3HAYMTESIbHO
cnoxHee. O6bI4HO ycToMuMBOCTE MHC-Mopenu SIBNSIETCS JIOKanbHOW:
NNARMAX-Moaenb MOXET ObiTb YCTOMYMBA B OAHOM paboyeM pexuMe u
HeycToMuMBa B APYroM, 4YTO SIBMISIETCS CYLLECTBEHHbIM HEeAOCTAaTKOM B

cnydae nNpakTu4ecKkoro NnpuMeHeHus.



NNARMAX2 (Neural Network — based, AutoRegressive, Moving
Average, eXogenous signal, BapuaHT 2) — HelpoceTeBasi aBTOperpeccu-
OHHasi MoAesNb CKOJb3SILLEro CPeAHEro, 3K30reHHbIM TUM CUrHanoB; Bapu-
aHT 2.

Perpeccop:

(2.14)

MporHo3upytoLlasi Moaensb:
9(t]6) = g(e(t), 6). (2.15)

NaHHbii BapuaHT NNARMAX-Moaenv obnaaaeT TeMM e NpenMyLLecT-
BaMu 1 HepocTtaTtkamn, 4yto 1 NNARMAX1. OTnimMume 3akio4aeTcs Nvb B
NPeACTaBNEHNN CKOJMb3SILLErO CPEeAHEro HEmoCcpeaCTBEHHO HEMpOCeTEBOM
moaenbto (6e3 ncnonb3osaHus nonvHoma C).

NNSSIF(Neural Network — based, State Space Innovations form) —

He/poceTeBas MOAESb TUMNa «0BHOBIEHUI NPOCTPAHCTBA COCTOSIHUINY.

Perpeccop:
PO =[X7118) uT) <T)] . (2.16)
MporHosumpytoLlas Moaenb:
R(1+106) = 9((0).0), 2.17)

§(t|0) = C(0)X(t|0).

PaclumpeHne mopenu OBHOBMIEHMSI MPOCTPAHCTBA COCTOSHMIM [9] Ha
C/lydal HeNMHENHbIX MOAESNbHbIX CTPYKTYP 3HAYMTENIbHO C/IOXHEE, YeM

npy MoanUKALMM NIMHENHBIX BXOAO-BbIXOAHbIX OMUCAHUIN JAMHAMUYECKUX



cucteM. Kak u ans cnydyas NNARMAX-Moaenen, CywecTBEHHYO posb uUr-
paeT npobnema aHanM3a yctonMumMBoCcTM. bonee Toro, 3HauMTenbHO Yc-
NOXHSIETCS BOMPOC YCTaHOBMEHUS WAEHTUPUUMPYEMOCTU. B HEKOTopbIX
cny4dasx npobnembl MOryT 6biTb pelleHbl MyTeM BBEAEHWS HECKONbKMX
HepoceTeBbIX CTPYKTYp ANS MPOrHO3MPOBaHWSA OTAENbHbIX YacTen Bek-
TOpa COCTOSIHUN.

HelpoceteBble Mogenn Tuna NNSSIF MoryT paccMaTpuBaTbCsl Kak
pacLUMPEHHbIA HENMHENHBIM unbTp KanmaHa [9, 58].

Mpy maeHTUdMKaUMN OMHAMUYECKMX CUCTEM MOMWMMO BblLEnepeyunc-
NeHHbIX 6a30BbIX Moaenen MoryT 6biTb MCMONb30BaHbl MX KOMOMHaLMK U
mMoandmkaumm. Ha BbIGOP KOHKPETHON MOAENbHON CTPYKTYypbl MOTYT BfU-
ATb anpuopHble 3HaHUSA O (U3MYECKUX MNPUHUMNAEX PYHKLMOHMPOBAHUSA

CUCTEMDI.

2.2. OCHOBHble KpUTEepuMn Bbibopa MOAENbHON CTPYKTYPbI

Mpun ucnonb3oBaHnn HC mMoaenein ana peanusauuy npoueaypbl UaeH-
TUDUKALUU HENUHENHBIX IUHAMUYECKUX CUCTEM HEOBXOAMMO PELINTb 3a-
Jlavy Bblbopa BekTopa BxoaoB HC (perpeccopa) u onpeaenutb BHYTPEH-
HIOIO CTPYKTYpY HEMpPOCETH.

MeToamnKka BblbOpa perpeccopa OCHOBBLIBAETCA HA HAMMYMK ANPUOPHbIX
3HaHM O cucteMe (npouecce). OnpeaeneHue BHYTPEHHEW CTPYKTYpbl
HeilpoceTeBon Moaenn sBNseTcs bonee CNo)HOM M HEOAHO3HAYHOW 3aaa-
yen.

MpuBEAEM HECKONBbKO 3MMUPUYECKUX MpaBu, KOTOpble MOryT 6biTb
3 hEKTUBHO UCMONb30BaHbI NPY NPAKTUYECKOW peanmnsaLum.

PaccmoTpum perpeccop



o) =[01--0g]" =[@1(t=1)...01(t—n)...04(t-1)...0q(t-1)]", (2.18)

rae ¢; — i - KOMMNOHEHTa PErpeccopa, /71— «rnybuHa» perpeccuu.

Bblibop perpeccopa noapasyMeBaeT OnpeaenieHne KOMMOHEHT perpec-

copa ¢; W rnybuHbl perpeccuu, T.e. KOIMYECTBA /7 3HAYEHWUIN KOMMOHEHT

perpeccopa B rnpeabliaylumMe MOMeHTbl BpeMeHu. B KauyecTBe KOMMOHEHT
perpeccopa 06bl4HO MCMOMB3YIOTCA Te napaMeTpbl cucTeMbl (npouecca),
KOTOpble MOryT 6blTb HENOCPEACTBEHHO M3MepeHbl (MM OLEHEHbI) B pe-
XUMe (PyHKUMOHMPOBaHUS. Bblibop rnybuHbl perpeccumn onpeaenseTca av-
HaMMKOW CUCTEMbI, MO3TOMY MNPU OTCYTCTBUM HeobxoaMMOWM anpuopHoOn
NMHbOpMaUmMn MOXET BbITb OCYLLECTB/IeH NyTEM MOCeA0BaTeNlbHOro yBe-
NINYEHNS N1 N NPOBEPKN afeKBaTHOCTM Moaenu. [pyroin cnocob — Bbibop
3aBeOMO 60MbLIOr0 3HAaYEHUsI /7 U NPOBEAEHME NOCeayoLWen CTPYKTyp-
HOW ONTMMM3aLMK MOAENMN.

«BHeLWHsIS» CTPyKTypa HEMPOCETEBOM MOAENM MOMHOCTbIO Oonpeaens-
eTCa perpeccopoM n HabopoM napamMeTpoB, 3HAYEHWE KOTOPbIX HEeobXo-
AMMO MPOrHO3MpoBaThb, T.€. YMCIO BXOAOB (4YMCII0 HEMPOHOB BO BXOAHOM
cnoe MHC) onpegensieTcss KOIMYECTBOM 3/1EMEHTOB perpeccopa, 4vcio
BbIXOAOB (4YMCNO HEMPOHOB B BbIXOAHOM C/IOE) OMpEeaensieTcsl KonmyecT-
BOM MPOrHO3MPYEMbIX BeNMUMH. [pu BbIGOpPE BHYTPEHHEN CTPYKTYpbI
HepoceTeBOW MOAENWN A0/HKEH ObITb MOSTlyYeH OTBET Ha Cleaytolime Bo-
npochbl:

e CKOJIbKO CKPbITbIX CI0€B A0/MKHa coaepxatb HC?
e KaKO€ YMC/I0 HEMPOHOB AO/MKHO OblTb B KaXXI0M CKPbLITOM Cl0€e?
e KaKol BMA aKTUBALMOHHOMN DYHKLUM AO/MKEH BbITb BbIOpaH?
OTBeTbl Ha 3TK BOMPOCHI TaK MM MHA4e 3aBUCAT OT XapakTepa B3au-

MOCBSI3€M «BXOA-BbIXO4», KOTOPbIE AO/MKHbI 6bITb peanu3oBaHbl HC. B



MepBoOM rnaBe HacToswe paboTbl MOKa3aHO, YTO Nobble HenpepbIBHbIE
dYHKUMM MOryT 6bITb anNMPOKCMMMPOBAaHbI C 3aAaHHOM TOYHOCTHIO MpU
MOMOLLUM HEMPOCETU, coAepXKalle OAMH CKPbITbIA CNOM HEMPOHOB C CUr-
MomAanbHbIMU (DYHKUMSIMU aKTMBaUMWM U BbIXOAHOW CNOM C JIMHEWHBIMU
aKTUBAUMOHHbIMK  (PyHKUMSMU. OAHAKO BOMPOC O 4YMCNE HEWPOHOB B
CKPbITOM C/I0€ OCTaeTcsl OTKpbITbIM. CneayeTr OTMETUTb, UTO YBENUYEHUE
yMcra HEMPOHOB B CKPLITOM COE M YBE/IMYEHME YMCIA CKPbITbIX CIIOEB
MOBbLILLAIOT penpe3eHTaTUBHbIE BO3MOXHOCTM HEMPOHHOM CETK, T.€. AT
BO3MOXHOCTb MOAeNMpoBaTh 60s1ee CNoXHbIE B3aMMOCBS3M, HO NpUBOAST
K YBE/IMYEHMIO BPEMEHHbIX 3aTpaT Kak Ha obyyeHne MHC, Tak 1 Ha pabo-
Ty B peXwuMe MpOrHO3MpoBaHus. B cuny npocToTbl NpuMeHeHusi, oby4e-
HMS U CTAaTUCTMYECKOrO aHanmn3a 0bblyHO npumeHsitoTca HC, coaepxalume
O[IMH CKPbITbIN C/OW HEMPOHOB C CUrMOMAANbHbIMU (DYHKUMSMU aKTUBaA-
LUMKN U BbIXOAHOMW C/TOW C JIMHEMHBIMW aKTUBALMOHHBIMU yHKUMAMK. Ync-
N0 HEMPOHOB B CKPbLITOM C/I0€ ONPEeAEensieTCs CNOXHOCTbIO B3aUMOCBSA3EN
«BXOA-BbIX0A>.

HesHauuTenbHble W3MEHEHWUS] BHYTPEHHEW CTPYKTYpbl HEMpoCceTeBoW
MOZENN, KaK NMpaBwuIo, He OKa3blBAKOT CYLLECTBEHHOMO BNUSIHWS Ha ee Ka-
YecTBO, TOrAa Kak BbI6Op FNy6UHbI perpeccun, T.e. YMc/a OTCYETOB CUr-
HanoB B MpeablayLiMe MOMEHTbI BPEMEHM, UIPAET peLlaoLlyo ponb. He-
JoCTaTouHas rnybuHa perpeccum nNpuBOAUT K MOAENWN, B KOTOPOW He yu-
TEHa CyLLECTBEHHASA YaCTb AMHAMUYECKMX CBOWCTB; Ype3MepHast rnybuHa
perpeccum Takxe CTaHOBUTCSA MpUYMHOW psiaa npobnem [9, 45].

B nocnepytowmx pasaenax 6yayT npeactaBnieHbl cneumasnbHble MeToab!
onTuMmzaumm HC-moaenen, UCnonb3yloWmMe B KAQYECTBE OCHOBHOMO anro-

pUTMa nocneaoBaTebHOE COKpallEHNE CTPYKTYPbI HC-mogenu BnnoTb A0



nosyyeHns ontuManbHon. OaHako MHuumanusaums HC-mMoaenbHoOM CTpyk-
Typbl MeToAoM Npob U OWMBOK SIBNSIETCS TPYAOEMKOW NpoLeaypou, 4To
NPUBOAUT K €CTECTBEHHOMY >XENaHUIo NosyYnTb Kakue-nnbo pekomeHaa-
UMM NO nepBOHaYasibHOMY Bbl6OpY Kak rnybuHbl perpeccum, Tak u BHYT-
peHHel cTpykTypbl HC. CneayerT elle pa3 OTMETUTb, YTO NPaBUIIbHbINA Bbl-
6op perpeccopa 3HauuTe/ILHO YNpPOWaAEeT Mpoueaypy WHUUManusaumm
HelpoceTeBon Moaenu. B cnyyae oTcyTcTBMS anpyopHoW MHdopMaumm o
nopsiike CUCTeMbl MOTyT ObITb MCMOMNb30BaHbl NPUBEAEHHbIE BbILIE 3MMU-
puyecKkne npaBuna OUEHKM Heobxoaumown rnybuHbl perpeccun. B pabote
[58] npeanoxunun Noaxoa K oueHke rnybuHbl perpeccun ans AeTepMUHn-
POBaHHbIX MOAeNen, OCHOBAHHbLIA Ha MPEAMOoSIOKEHUN O BO3MOXKHOCTU
npeacTaBNeHnsi peanbHON CUCTEMbI AOCTAaTOYHO MMaAKon (pyHKuUMen per-
peccopoB. [logobHbIM MeToa ANs CUCTEM, MOABEPXKEHHBLIX BAUSIHUIO
BHELLUHUX BO3MYLLAIOLWMX BO3AENCTBMIN, NpeanoXxeH B pabote [72]. danee
NPUBOAUTCS OCHOBHAs KOHLUENuMs MeTOAOB onpeaeneHvus rinybuHbl per-
peccuu.

MNpeanonoxuMm, 4To peanbHasi cucTeMa MOXeT OblTb npeacTaBneHa

mozenbio Turna NNARX: y(t) = g(o(t),0) .

PerpeccuoHHbIii BEKTOP 3aZlaH ClieAyoLyM BblpaXkeHUEM:

o) =[01 ¢, 03 - 9,]" =

2.19
=[y(t-1) .. y(t-n) ut—d) ... ut—d-m)]". (2:19)

NMeeTca MHOXeCTBO 3KCMEPUMEHTANbHbIX AaHHbIX, COCTOsiLlee U3 N

nap «BXOA-BbIXOA»:

z" ={[o(t).y®)], t=1N}. (2.20)



MpeanonoXuM, YTo amnauMTyAa NPOM3BOAHbLIX peasibHON CUCTEMbI MO
Ka)XIOMy perpeccopy OorpaHuMyeHa HEeKOTOPbIM MOMOXUTENbHbIM 3HAYEHU-
eMm B

<B, I=11z. (2.21)

0
|g||_‘ Jo

NS BceX BO3MOXHbIX COYETAHMI Map «BXOA-BbIXOA» BBOAMTCA KO3d-

duumneHT JInnwuua

y(t) - y(t;)

i, 2.22
ot o) 7 (2.22)

i =

roe |« obosHauvaeT eBknIMAoOBY HOpMy. B cooTBeTcTBUMM C ycnosuem Jlun-
WwMLUa AN HenpepbIBHOW yHKUMM g, KO3MOULMEHTBI q; SBASIOTCS Or-
PaHWYEHHbIMK, T.€. 0<q; <L.

Beenem B paccMOTpeHne cneayouwme avddepeHumansl:
dy = y(ti) - y(t;), d¢;=¢(t;)~o(t;). Ipy ManoM 3Ha4yeHUn 3¢, UMeEET Me-

CTO cneayouiee COOTHOLWIEHUE!

oy = 9 &p1+a—g&p2+ +a@g

o, 09, (F!

89, = 91807 + 9209, +--+9,8¢,. (2.23)
CnepoBatenbHo, KOIMPMUUMEHT JlMnwmMua AO/MKEH COOTBETCTBOBATh
BbIPAXXEHWIO

i(jZ): |8y| |915(p1+925({)2+ “+0n 6(pz|<\/—B (224)
JEo)Z+-+(30,)2  (B0) 2+ +(30,)

rae BEpXHUA MHAEKC Y OTHOCUTCH K OBLLEMY YMCITy PErpeccopoB; g, —

YaCTHblE NPOU3BOAHbIE, OonpeaendemMble B COOTBETCTBUM C BblpaXEHUEM



(2.21). Ucnonb3ys BbipaxeHue (2.24), NHTEPECHO paccMOTpeTb ABa Cry-

Yasi: M36bITOYHBIM N HEAOCTAaTOUHbIM pa3Mep perpeccopa.
HepocraTtouHoe 4MC/IO KOMMOHEHT perpeccopa. [1peanonoxuM,

YTO KOMMOHEHTA Z OTCYTCTBYET, Toraa COOTHoweHue (2.24) npuvHuMMaet

cneayowmmn Bua;

gD = 18|
ij
J(501)2 4+ (50,)?
_ \/(6@1)2+"'+(6(Pz)2 |916(P1+926(P2+"'+9n5@z|
JB01) 24+ (80,)7  (801)7 +--+ (30, )

(2.25)

B kauecTBe npeaenbHOro BapuaHTa MosIoXKMM, YTO 8¢, =0 Ans BCex |,

3a UCK/TIOYEHMEM | =z . B cnyyae, ecniv BbIXO4 3aBUCUT OT ZKOMMOHEHTDI,

CyLLECTBYIOT TOYKW, B KOTOPbIX 8y #0. Takum 06pa3oM, npeHebpexeHune

Z-KOMMOHEHTOWN NpUBOAUT K BecKkoHeYHOMY KoadduumeHTy Jiunwmua. B
obleM cnyyae BEepOSITHOCTb CyLLeCTBOBaHMSA Takoro npeaenbHOro Bapwu-
aHTa B MHOXECTBE 3KCNepuMeHTaslbHbIX AAaHHbIX HEBENMKa, OAHaKo MOX-
HO NpeanonoXnTb, YTO HEeAOCTAaTOYHOE YMCIIO KOMMOHEHT perpeccopa
npuBedeT K 4pesBbl4alHO 60MblIMM 3HauyeHneM KkoadduumeHTa. Bonee
TOro, HexXBaTKa HECKONbKMX KOMMOHEHT MpuBEAET K 3HAYUTENIbHOMY BO3-
pactaHuio koadduumeHTa.

MN36bITO4YHOE 4YMCNO KOMIMOHEHT perpeccopa. bonbloe 4ncno
KOMMOHEHT (3HaYeHWU CUrHanoB B Mpeablaylume MOMEHTbI BPEMEHM) Mpu-
BOAUT K M36bITOYHOCTU MHDOPMaLMK, COAEPXKALLUENCS B PErpeccMOHHOM
BeKkTope. PaccMOTpuM crniyyait BKJIIOMEHWUSI OHOW AOMOSHUTENBHON KOM-

MOHEHTbI B PErPECCUOHHBIV BEKTOP:



g = 13y _
V(302 +-+(30,.1)°
_ \/(8(P1)2+"'+(6(Pz)2 |915(P1+925(P2+"‘+gn5@z|
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(2.26)

OueBnAHO, YTO AOMOSHUTENbHAs KOMIMOHEHTA OKa3blBaeT JLb He3Hauu-

TenbHoe BAMSIHWME Ha Ko3dhduumMeHT Jinnwuua, T.e. NpuBoaUT K Hebosnb-

LIOMY YMeHbLUEeHWIO KoadduruneHTa.

PaccMoTpeHHble 0COB6EHHOCTM NOMOXEHBI B OCHOBY CJ'IGD,YPOU.I,GI\/‘I npoue-

Aypbl onpeaeneHna onTuMasZibHOro perpeCCMOHHOro BEKTOpa.

ANSt 3alaHHOW TNy6uHbI perpeccun onpeaenutb koadduumneHTsl Jnn-
WwMLa Ans BCeX BO3MOXHbIX KOMOMHALMIM Nap «BXOA-BbIXOA>;

BblbpaTb p=0,01IN ~0,02N Hambonbwmnx KoapdpuumeHToB (066IYHO
Hambonblume KO3IMPMOUUNEHTbI BO3HMKAIOT NMpu HEBONbLWOM 3HAaYeHUU
8¢1);

NPOU3BECTM OLEHKY KpUTEPUSI

1
q® =[ﬁﬁq<”>(k)] " (2.27)
k=1

NOBTOPWUTb BbIYMCNEHUS ANS psda CTPYKTYp perpeccopa (nocnefosa-
TeNbHO YBenn4umBas rinybuHy perpeccum);

NMOCTPOUTb 3aBUCUMMOCTb KpUTEpUS OT FybuHbl perpeccun u BblbpaTb
OMNTMMasibHOE 3Ha4YeHue Kak abcumnccy ToUYKu nsnoma.

BbluncneHne Bcex 3HayeHu KO3IDPUUMEHTOB ANS Pas3/INYHbLIX CTPYK-

TYP PErpecCMoHHOro BEKTOpa ABNAETCA LIpeBBbI‘-IaﬁHO TDYLI,OEMKOI‘/JI npo-

uep,ypoﬁ AaXe npun ncnonb3oBaHM NpoLEeCCOpPOB C BbICOKUM 6blCTpO£l€l7I-

ctBueM. OCobeHHO CUMIbHO 3TOT HEeAOCTaTOK MposiBAsSeTCs npu 60nblumX



3Ha4YeHusIX NV 1 3HaUMTENbHBLIX Bapuaumsix CTPYKTYpbl perpeccopa. MosTo-
My PEKOMEHAYETCS MPOM3BOAMTb MOLLIAroBoe OIHOBPEMEHHOE YBENNYEHNE
yncna nNpeabiayLwyx 3HauYeHuii BXxoaa v Bbixoaa.

MpuUMeHeHNe MeToda K OLEHKE 3KCrMepUMEHTasbHbIX AaHHbIX, MOsy-
YEHHbIX B pe3y/bTaTe MOAE/IMPOBaHUSI HENIMHENHON CUCTEMbI BTOPOMO MO-

psaka, npueedeHo Ha puc. 2.3.
q A

10!

10°
1 2 3 4 5 6 7 8 >

Puc. 2.3. UaMeHeHue 3HaueHus kputepusa g (2.27) ot uucna
3/1eMEeHTOB

perpeccMoHHoro sektopa (n=m=1:12)
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