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PE®J/IEKCUBHASA ®UJ/IbTPALISA BPEMEHHBIX PSI/10OB
C.B. IlaBnoB
KpacHosipckuii ToCcyjapCTBeHHbIN TeXHUUeCKUM YHUBEPCUTET
KpacHosipckuit punmuan HI'OY «HCTUTYT ynipaBieHUs: U S5KOHOMUKW» (T. CaHKT-IleTepOypr)
660074, KpacHosipck, a/s 16839

sergey-pavlov(@rambler.ru

[TycTh oOCyIIecTB/sseTCS HaO/I0AeHrne HEeKOTOPOTO CBOMCTBA BbLIODAaHHOTO O0BEKTa,
NpyUYyeM TakK, YTO HaJ TOIy4YeHHOW B pe3y/abTaTe Hab/o[eHUH MOC/Ie/[0BaTe/TbHOCTHIO JJAHHBIX
MO>KHO TIPOM3BeCTH YNOPsA0UMBaHUe 110 BpeMeHH. Takue rociefoBaTe/lbHOCTH Oy/1eM Ha3bIBaTh
BpeMeHHbIMH psiiaMH. Bosiee Toro, ykasaHHOe HaOmrofieHMe OCYILIECTB/IsSIeTCS Uepe3 paBHbIe
NIPOMEXYTKHA BpeMeHHU, T.e. BpeMeHHble ps/bl SIBJSIOTCI 3KBUAMCTAHTHBIMM (peryJisipHbIMH).

BcrnencTBrie HeTOUHOCTEM M HeUeTKOCTeM M3MepeHMs, MoMeX M IIYMOB H3MepeHul, a
TaK’)Ke BO3MOXKHOM BBICOKOM CTeTleHHM C/I0XKHOCTH O00BeKTa, TOpoXKZJarolero HabmogaeMoe
CBOMCTBO, TIO/TyUeHHBIN BDEMEHHOM Psifi MOXKeT UMETh CJIOXKHBIN «3a3y0peHHbIH» BU[ (puc. 1, 2).

[Ipy pemleHMM pa3IMUHBIX 3a/ay CTaBSTCA L€ CrJIQKHUBAHMA WCXOJHBIX BpPeMeHHBIX
PSIZIOB, a TaK)Ke Bbl/le/IeHUs] TeHAEHIUM B MCXO/IHbIX BpeMeHHBIX psijiaX.
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Puc. 1. Cymma rapMOHHUYeCKOTO (CUTHasM) u Puc. 2. HabroeHust KOTHPOBKHU

["ayccoBckoro (romexa, 11ym) MpoLeccoB EURUSD B TeueHue AByX JieT

[lycte B pesynbTaTe HaOJIOJEHMI IMOAyuyeH BpeMeHHOH psy X ={X1,---,Xn} . TTockonbKy
HaOJTIO/IeHUsT SIBJITFOTCST 9KBUUCTAHTHBIMH, [JOCTATOUHO JIMIIL WH/eKCAa BpeMeHH i: 1-ii MOMeHT
BpeMEHY, ..., i-i MOMEHT BpeMeHHY, ..., N-id MOMeHT BpeMeHHu (i = 1, ..., n).

[Tog neneBoM (puabTpaLMei BpeMeHHOTO psiZia Oy/1eM TTOHUMaTh BbifiesieHre TeHIeHIUN 1
criakuBanve. Torga oThUILTPOBAHHbINM BpeMeHHOM psizi OyeM 0003HavaTh Kak Y = { Yiseeos yn} .

Ecnu RFM: — WCIOAb3yeMbld A1 GuibTpauuu pedieKcuBHbIN (puabTp (puc. 3), TO B
oriepaTopHoii hopMe pediekcrBHast PUILTPALIVS BBITJIIAUT TaK:

Y =RF[X]. )
B ocHoBe pediiekcrBHOM (GrbTpaLyy eXuT 6a3ucHoe peduiekcuBHoe npeoGpa3oBanue:
Yi=HL+ O, tne H=1-ln ,UD[O;l]- (2)

[Tapamerp pedsiekcuBHoro ¢uibtpa M xapakTepusyer CcTemeHb  [/IaJKOCTH
pe3ysbTUpyHoliero npeobpasoBanus. B obijem Buze, uem menbine M, Tem criaaxuBanue Gyzer
6osee cubHBIM, a ipr M =1 craaxkusanus HeT 1 Y = X, UTO HEIOCPe/ICTBEHHO BhITEKaeT u3 (2).
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ITpeobGpa3oBanue (2) siBasieTcs peduieKCMBHBIM BC/IEICTBHE HalWuMs B HEM 0OpaTHOM
cBs3u  (puc. 3), UTO BHOCUT B OT(UILTPOBaHHble BpeMeHHble Psiibl JOTOJHUTEIbHbIE
pekyppeHTHbIe (peduieKCHBHBIE) XapaKTePUCTUKU MaMATH (B OT(HUILTPOBAHHBIX BpPEMEHHBIX
psifiax Oyzyiiee oripe/esisieTCsl MPOIIBLIM Topa3o 6ojiee CUIbHO, YeM B UCXO/JHBIX).

X; Yi
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yi—]_l |

Puc. 3. PednekcuBHbIN (DUTBTP

KpaTko oxapakTepusyeM MeTOZA0/0THI0 pedieKCUBHOM (UIbTpaLiid BpeMeHHBIX PSIi0B.
PediekcrBHasi GuibTpalLsi OCHOBaHa Ha 0a3ucHOM peduieKcHBHOM mipeoOpa3oBanuu (2). U3
3TOro mpeobpa3zoBaHust GOPMUPYIOTCS MPAMOMN U 00paTHbIM pedieKcrBHBIe GUMBLTPHI. [anee u3
3TuX 6a30BbIX peduieKCUBHBIX (UILTPOB CUHTE3UPYIOTCS [ABYCTOPOHHHE (UILTPHI: MPSAMOM-
o0paTHBIM ¥ OOpaTHBIA-TIPAMONM. 3aTeM OIMCaHHbIe uYeTbipe pedIeKCMBHBIX  (HIbTPa
0000mIaoTcsT  Ha  Cy4alk MHOTOKPAaTHOTO U 3MUCTEMOJIOTHYECKOro  pedieKCUBHOTO
ripeoOpa3oBanus (cM. puc. 4 u Tabsm. 1).

IIpsamas peduyiekcuBHasi (GUAbTPAIUA SBISETCS HENOCPe[CTBEHHBIM TPUMeHeHeM
npeobpa3oBaHusi (2) K MCXOJHOMY BpeMeHHOMY psiny. [Ipy Takom TipeoOpa3oBaHUM
oT¢$UIbTPOBaHHBIN BpeMeHHOM psifi IMeeT 3ana3fbIBaHue 110 OTHOIIEHHIO K UCXO/THOMY.

Oo6parHas peduiekcuBHas GUIbTpanMA OCHOBaHA Ha TipezyiaraemMoM B.®. Cmrocapuykom
orepaTope HMHBEPCHH WCXOJHOTO BPEMEHHOTO psiia C Mefblo ero 00paboTKM C KOHIa.
[TpenMyIlleCTBO TaKOro TMOAXOJA BbIpaKaeTCsi B TOM, UTO 3amasjbIBaHMe TIPU HCXOJHOM
HarpaB/ieHWW BpPEMEHHW TpPeBpalljaeTCsl B OMEpPe)XXeHWe TpYU BpPeMeHU, TeKyleM B 00paTHOM
HarpaB/ieHUH.

JIBycTopoHHssA pedieKcuBHas (puabTpanus OCHOBaHa Ha CHMHTe3e IMpsiMON U oOpaTHOM
peduiekcuBHOM  (GuabTpauuu. B 3TOM ciyyae TIOSIB/ISIeTCS BO3MOXKHOCTh — yNpaBJIeHUsI
3anmasfibIBaHueM | oOmepe)XeHHeM OT(QUWIbTPOBAHHOTO BpPEeMEHHOTO psijla OTHOCUTeTbHO
MCXO/IHOTO 3a CUeT BapbUpoOBaHus mapamerpa H .

MHorokpaTrHas pedieKcuBHasi (UIbTpanMsA T[103BOJIIET 3a CueT MHOTOKPaTHOIo
npuMeHeHHs1 peIeKCUBHOTO (UIbTpa K MCXOJHOMY BPEMEHHOMY DSy JOOHTHCS 0COO0eHHBIX
I/Ia/JKMX CBOMCTB OT(U/IBTPOBAHHOTO BPEMEHHOI'0O psifia, KOTOpPbIe 3aTPyJHUTENBHO MOMyYUTh TPU
0/JTHOKPATHOM TIpuMeHeHn! pedIeKCUBHOW (UIbTPaLUU.

Onucremosiornyeckas peduiekcuBHas (puabTpanusi OCHOBaHAa Ha TOM, UTOOBI C/le/aTh
GUIBTpaIi0 HEPABHOMEPHOWM IOCPEeCTBOM BbIOOpa mapamerpa M mepemMeHHBIM B Tpoijecce
¢bunbTpauuu. (3mUCTeMOJIOTUST WAM Teopus TMO3HaHMS — pasfen ¢uiocopuu, B KOTOPOM
W3yuaroTcs Mpupoa U cepa pacrpocTpaHeHHWsl 3HAHWS, €ro TMpPeATNOoChIIKA M OCHOBBI, a TaKXke
KPUTePUM MCTUHHOCTUA 3HaHHUs.) IIOCKOJIBKY CTPYKTypa 3MHMCTeMO0J/IOTHYeCKON CHCTeMHOM
HepapxuM 00beKTa, TOpPOXKIANIero Hab/rofaeMoe CBOWCTBO, OTPakeHa U B KOHKPETHOM
HaOJr0JaeMOM BpeMeHHOM psifie (B Cyuasix, Korja Hab/ro/jeHre OCyIIeCTB/ISIeTCsl Tak J0JIro, UTo
COJIEP)KUT BIUSIHUE BCEX CYL[eCTBEHHbIX ()aKTOPOB), UMeeT CMBIC/I pacCMaTpUBaTh a/leKBaTHYIO
¢unbTpaLyio, Korja crereHb COOTBETCTBUSI OT(UILTPOBAHHOTO M MCXOJHOTO BPeMEHHBIX DS/IOB
Bce Oosiee BO3pacTaeT C TeueHWEM BPeMeHHM K KOHI[Yy BBIOODKHU (K TeKyljemMy MoOMeHTY). Takum

obpaszom, U = /J(i) . CreiyeT 1MoMHHMTB, uto H; = /J(i) O [0; 1] , T.e. QyHKIs /J(i) BCerjja orpaHryeHa
CBepXy eAuHuled u CcHu3ly HyjaeM. PyHkuusa HM=H; = ll(i) eCTb JMHUCTEeMOJIOruYecKas

pednekcuBHas ¢yHKIUA, BbIOOP BHAA KOTOPOM oOmpefienseTcss Ieablo  (uaIbTpauu,
anpuopHoi uHdopMalHeii 0 pelllaeMol 3a/laud, a, UMeHHO, UHbOpPMallel o Tpe/roaaraeMomn
WM >KeJlaeMOW CTPYKType BPeMEeHHOTO psifia. BakHO OTMeTUTb, UTO H7esl SMUCTeMOIOTMUeCKoi
¢unbTpauuu  Oblyla  TIpefjIOXKeHa AaBTOPOM  [I/Isl  «TIOATOTOBKW» BPEMEHHOTO psja IS



MPOrHO3MPOBAaHUHU. JTa Hjesi OCHOBBIBa/JIACh Ha TMIIOTE3e O TOM, UTO, YeM JiaJibliie B TIPOIIIoe
YXO/IAT 3HAUeHWsi BPEMEHHOTO psi/la OT TeKyIllero MOMeHTa BpPeMeHH, TeM cjlabee BMseT Ha
Oyayliee Kaxjoe KOHKDPETHOe 3HAaueHWe U TeM CUJIbHee BJIMSHUE HEKOTOPBhIX CTAaTHCTHYECKHX
cpeJHUX (OCHOBHBIX TEeH/IeHLIUHN).

Bce npeanoxxeHHbie GUILTPHI (pUC. 4), CHHTE3UPOBaHHbIE HA OCHOBE MPAMOM, 00PaTHOM,
JABYCTOPOHHell, MHOIOKpPaTHOW U SNHCTeMoJIorHYeckoi pedeKCMBHOW  (ubTpaluu,
TIpe/iCTaB/eHbl B Tabsi. 1 ¥ MOTYT WCIO/Bh30BAThCS TIPH MPOEKTUPOBAHWM aBTOMATH3HMPOBAaHHBIX
WH(POPMALIMOHHBIX TEXHOIOTUN (QUIbTPAli Hab/TFOaeMbIX BpeMEHHBIX PSIZIOB.

Ba3sucHoe pediekcuBHOe Mpeodpa3oBaHue

FRF BRF
FBRF BFRF
M MFRF MFBRF MBFRF MBRF
- ——B-R-——H-H-——JEf =5 dF
E EFRF EFBRF EBFRF EBRF
T g ———— L ————3
ME MEFRF MEFBRF MEBFRF MEBRF

Puc. 4. Vlepapxusi pe)ieKCUBHBIX (PUIBTPOB

®opMHUpOBaHKe HAYa/IbHBIX YC/I0BUH (uabTparuu. VIcrob3yst Kaxkpli ped1eKCUBHBIH
¢buneTp (Tabn. 1), Ha IMIEPBOM 3Tarie Bcerja HeoOX0JUMO HEKOTOPLIM 00pa30M BHIOMpATh UCXO/IHbIE
yC/OBUsS B KauecTBe Habopa 3a(MKCHMPOBAHHBLIX 3HAUeHWH. TaKUMH MOTYT ObITb 3HAUeHUS
WCXO/IHBIX BPEMEHHBIX DSZIOB, OTpeZie/sieMbIX 11e/IeBOM (PYHKIIMEH 3a/1aud WU )Ke HEeKOTopasl X
KOMOHMHALUA.

Ecmu mocienoBaTe/lbHO BBIMKCATh BCe 3Tarbl  pedieKCUBHBIX Mpeobpa3oBaHui U
OCYIIIeCTBUTL BCe HEOOXOAMMbIE YIPOIEHHs], TO B UTOTe BCErja KaXKAbli 3/1eMEHT BPEMEHHOTO

paga Y :{ yl,...,yn} Mpe/ICTaBUM B BH/Ie JIMHEHMHON KOMOWHAIMHU (B3BEIIEHHOT'0 CPEeJAHEro)

5JIEMEHTOB UCXOJHOI0 BpeMeHHOro psaga X :{Xl, oo Xn} :

=S W, B, me Y@, =100, <1 ui,j=1.n, 3)

7 I
T.e. BCe MpeJcTaB/ieHHble peduieKcMBHbIe (GUIBTPHI AB/ISKTCA JHHEHHBIMU (1, eCTeCTBEHHO,
nudpoBeiMu). BecoBble ko3dduipienTsl @ ; ompefensoTCS UCK/IIOUNATENBHO JIMIIE BHIOOPOM
napametpa M, T.e. W ; =@, j(,U) YTO He TPYJHO 10Ka3arh.
Paccmotpum punbtp FRF, onpeensitoriuiics: cyieyroyuM rpeoOpa3oBaHUeM:
y=uZ+o0,,,i=2,...,n. 4)
B cuny pedieKTUBHOCTH MOXKHO 3amucaTth Cefyroliee:

Y = 1l +/7[(]:uD(i—1+HEyi—z) = 1L, +IUDID(1‘—1+H2 [G/J&i—Z +ﬂ@i—3):i:2, -ees M. (5)



B koHeuHoM cueTe (4) OyeT BIT/ISAETh Tak:

yi ::LID(i +ﬂEpD(i—1+ﬂEﬁ2 D(i—Z +/J|:ﬁ3 D(i—3+"'+ﬁi_1 D(l’i:2’ ey n.

(6)

Takum obpasom, gokazaHo (3) ans FRF-bunbtpa. To ke camoe (B CMBIC/Ie YTBEPXKIEHHS
(3)) MOXKeT OBITH TIOJTYUEHO [J1s JTF0OO0ro APYToro Tpe/IoXKeHHOTo pedieKCUBHOTO (DUIBTPA.

Heo6Xx0uMO OTMETUTB, UTO BCe TIPeZ/I0’KeHHbIe ped)ieKCUBHBIE (PUTBTPhI TIPUHA/IEXKAT K
K/accy (GUIbTPoB C 0eCKOHeYHOW HMITY/IbCHON XapaKTepUCTHKOW, T.e. TIpU (OPMHPOBAHUU
KaXXioro sjeMeHTa OT(QUWILTPOBAHHOTO BpPEeMEHHOro psifja Y WCIO/b3YIOTCS BCe 3/IeMeHTbI
HCXO/THOTO BpeMeHHOro psiZia X, UTo MokKa3aHo B (3).
Tabmura 1. Knaccudukarys pednekcuBHbIX GribTpoB (PD)

PD Haspanune PD ITpeobpa3oBanue PO
FRF Ipsmoli PD yi=uG+a0,,,i=2,..n
MFRF MHmozokpamHblili npsmoti PD Yo =HD L v AT,
i=2,..,nk=1,...,K
EFRF Anucmemosnoauyeckuti npsimotl P® =+ 0, i=2,..,n
MEFRF | MHoeokpamHblil a3nucmemono2udecKkutl Vi = M B ¥ B B,
npsmoti PP i=2,..nk=1..K
BRF O6pamHbiii PP Vi =+ 00, i=n-1,..,1
MBRF MHozokpamHbili o6pammblili PD Vi =MD Y ED o,
i=n-1,...,1,k=1,...,.K
EBRF Anucmemosnouueckuil 0bpamubili PD Y=+ Oy, i=n-1, .., 1
MEBRF | MH020KpamHblli 3nucmemono2u4ecKull Yii = M s Y He B,
obpamublii PO i=n-1,..,Lk=1..K
FBRF JeycmoponHuli (npsimoli-obpammbiii) PD X, =uGk +O0x,,i=2,..n
Y =HOGHAD L, i=n, .1
MFBRF | MHo20KpamHblii 08yCmopOHHUl X =MD+ BN, i=2, .00
npsimoui-obpampiii) P® _ -
(np P ) Vi =M YHD i, i=n-1, 01,
k=1,..,K
EFBRF | Onucmemonoz2uueckuli 08yCmopoHHul Xi =M +0 0Ky, i=2,..,n
(npsimoti-obpamHbiii) PD v X AT B imnt 1
i i i i i+l L= 7Ly ey
MEFBRF | MHo20KpamHblli 3nucmemonoaudecKull Xei =M D ¥ 00 X, i=2, .00
08ycmopoHHutl (npsimoti-obpamtbiii) P® _ L ’
4 P (np p ) Yii = My, D(k,i + Uy Eyk,m, i=n-1,...,1,
k=1,...,K
BFRF JeycmoponHuli (obpamHbili-npsimoti) PD X =M +A0X,,, i=n-1,...,1
Yi :,UD(i +/~7g’i—1, i=2,..,n
MBFRF | MHo20kpamHblii 08yCmOpOHHUU X =HD L YD, i=n-1, .1
obpammbili-npsimoii) PD ’ R
(o6p p ) Vi THDX G Y HD L, i=2, .00,
k=1,...,K
EBFRF Onucmemonozauyeckuli 08yCMOPOHHUL Xi =M O+ 0 DXy, i=n1,..,1
(obpamHbili-npsimoti) PD vy O +E D iz
i i i i i1y L =4 .0
MEBFRF | MHo20KpamHbilil 3nucmemono2uyecKkutl Xei = M D ¥ e DX, i=n-1, .., 1

08ycmopoHHuil (obpammblili-npsimoli) Pd

Yii =M X Y B D, i=2,.00n,
k=1,...,.K

PaccMoTpuM TipakTHUeckoe (B HEKOTOPOM CMbIC/ie TeCTOBOe) TpHMeHeHHe (UILTPOB
MBFRF u EBRF. Bribop uMeHHO 3TH (GWIBTPOB /ISl WIMIOCTPALK pedieKCUBHOM (UIbTpariin




o0yc/ioB/IeH TeM, UTO JaHHble (UIBTPHI YCHEeNIHO WCII0/h30BalCh aBTOPOM B 3ajauax
¢unbTpauyu npu pabote C HaO/MOJEHUSAMH CBOWMCTB C/IOKHBIX OOBEKTOB. B KauecTBe TeCTOB
paccMOTpUM 3 cjydyas: Caydaidi MMIYJbCHOTO (CKaukooOpa3HOro) BpeMeHHOro psia (puc. 5),
JIEMOHCTPUPYIOILIero UMMYIbCHYIO XapaKTePHUCTUKY MCIO0/Ib3yeMOoro puibTpa, C/ydyail Bblfe1eHUus
curtHana (rpy COOTHOLIEHWM CHUrHan/liym paBHOM 1) (puc. 6) u ci1yyali HepaBHOMePHOM
3MUCTeMOJIOTHYecKoH GuibTpaiuu (puc. 7, 8).
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Puc. 7. EBRF-¢unbsrpanus. , Puc. 8. Onucremonoruueckas
MUCcTeMOJITnYecKast pedieKCUBHast pedekcrBHasi QyHKLIUS
¢byHKLIMA TpefcTaBieHa Ha puc. 8 J1s pyc. 7

BugHo (puc. 5-8), uTo C 1MocTaB/eHHBIMU TeCTOBLIMU 3a/lauamMu (KOTOpbIe ObLIU, He CMOTPS
Ha TeCTOBYIO MOCTaHOBKY, AocTaTouHo TpyAHbIMU) puibTpel MBFRF 1 EBRF «cripaBU/IHCH».

B mnipejcTaB/ieHHOH paboTe, K COXKa/eHHIO aBTOpa, OCTa/ICsi HE PACCMOTPEHHBIM BOIIPOC O
XapaKTepUCTUKAX TpejaraeMbiXx (UIbTPOB. XapaKTepPUCTUKUA 3[leCb — 95TO TPaJWLIMOHHbIE
nepejaTouHble (GYHKIUM GUILTPOB U UX KIACCHUYECKUU TocneAyroimii aHanu3 ((a3oBbie U
aMIUIUTYAHbIeé YaCTOTHbIE XapaKTePUCTHKU, MepexoAHble U HMITy/JIbCHbIe XapaKTepHUCTUKU U
T.A.). BcecropoHHee cpaBHUTeNTbHOE pacCMOTpPeHHe TaKWX XapaKTepPUCTHK TIO3BOJIUT TybOiKe
pa3o0paThCsi B MpHUpPoOAe mNpeodpa3oBaHMii, OCYIECTB/sIeMbIX pedIeKCUBHBIMU (UIbTpamMu, a
TaK)Xe TIOMOYKET cpe/ik OO0JIbIIIOro pa3HOo00pa3susi pedieKCUBHBIX (UILTPOB BLIOUPATh KOHKPETHBIE
(UnBLTPHI [7151 pellieHus PUKIAJHBIX 3a7au GUIbTpaLyu.

Bce mipecraBieHHble peduieKCHBHBIE (DUIBTPBI «pabOTalOT» TOMBKO B AEHCTBHTE/THHOM
(BeljecTBeHHOM) 06s1acTh. ITO 00YCIOB/IEHO MX MPAKTHYECKOW HarpaB/IeHHOCTBIO, TIOCKOJIBKY B
pPeaIbHBIX YC/IOBUSX HA0/II0J€HHMA OCYIIIEeCTBIISIOTCS TOJIBKO B JeMCTBUTEIBbHOM 00/1acTy. Tem He
MeHee, TpH HeoOXoauMOCTH, peduieKcuBHas (UAbTPALUS MOKET WCIIO/Ib30BaThC U B
KOMII/IEKCHOM (COCTOSII[eM 13 JeMCTBUTEeIbHOM 1 MHMMOM YaCcTU) Cyvae.



