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ITocTanoBka npodaemu

B cywacHux cucremax ynpaBiiHHS AiSUIBHICTIO
noTpiOHa iHpOpMAIls A HPUHHATTS PIILCHHS LI0/0
MalOyTHIX Jiif 94X OI[IHKA OOCTAHOBKH IIO CKJIAJCTHCS.
IHmmMu  cmoBaMu — TPOTHO3YBaHHA. IcHye OGararo
MeToniB mporHo3dy. lle 1 Merogum MoOENIOBaHHS,
eKCIIePTHI CUCTEMH 1 METOIU eKCcTpamnoysiii. OCKUTbKH
00’€KTH TPOTHO3y MAalOTh BIACHI BIACTHBOCTI 1
00OMe)KeHHS, HAWOUTBII MOUITbHUM OylIe METOM, SKHA
Ma€ HalMeHIIN 3ajJIeKHOCTI Ta oOMexeHHs. Lleli Meton
MOBMHEH BpaxOBYBaTH 1HIN HEOOXigHI  CKJIQJOBi
npouecy. Takox HeoOXiHO BpaxyBaTH, 1100 el MeTO[
OyB ONTHUMAJBHUM Y CEPEIHBOKBAIPATUYHOMY CEHCI.

Merta crarTi

Meror naHOi cTarTi € NPOBEICHHS aHANI3Y
ICHYFOUMX METOJIB EKCTPAamoJALii JUIsi ONTHMAaIbHOTO
3aCTOCYBaHHS TPH  TMPOTHO3YBaHHI  MpPOIECIB B
YIPaBJIiHHI CKIaJHUMH POLIECAMHU.

B psini po0it [1-6] moka3aHo, 0 BUIAIKOBHMA
Mporec 3i 3HAYHOK TMICISABII0 MPAKTUIHO 3aBXKIU
Moxe  OyTM  3BeleHMH g0  0araToBUMIpHOTO
MapKOBCBKOTO IpoIleCy 1 TakuM YHHOM 3ajada
MPOTHO3yBaHHS B TEOPETUYHOMY BHIUISAI MOXKE OyTH
3BelieHa  JI0  3ajauyl  eKcTpamossiuii  peamizamii
MapKOBCHKOTO BUIIaJIKOBOTO TIpo1Lecy. Jo
OCHOBOIIOJIO)KHUX B I 00acTi HaNeXHUTh podoTa [7],
JIe OTpUMaHO AuQepeHIliaTbHe PiBHIHHSI, 110 BU3HAYAE
IMOBIpHiCTB P;,(t,)_(o)

JIOCATHEHHST  peallizalliero

MapKOBCBKOTO TMPOIECY IO JOCIIIKYEThCS, IESIKOi
3a71aHOI MEXU }/3a YMOBH, L0 B MOYATKOBUM MOMEHT
gacy t=0 BHITagKoBa TOYKa 3HAXOAMJIACHh Y (DiKCOBaHii
BIZIOMiM TOUII X .

VYV poboti [8] A.H. Kommoropoum oTpumaHO
nuQepeHIliiiHe pPIiBHAHHS A INUIBHOCTI iIMOBIPHOCTI

nepexony 7(X,t/X',t"), 0 XapaKTepu3ye iMOBIpHICTb

Hepexoly MapKOBCHKOTO BUIIAJKOBOTO HPOLECY 3 TOUKU
X={X1,--.X},}, B
X +dX ={X,+dX,,..X,+dX,} 3a UPOMiKOK wacy
t—1t'>0
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KOCQIIIEHTH 3HOCY;
[X;(t+A0) - X;(0)]

b (X,1) = lim (L)M _
[X;(t+An) - X ;(0)]/ X(2)

At—0\ At

koedimieHTH nudys3ii.

Takum YHHOM, JUTS MapKOBCHKOTO
BUIIAJIKOBOTO  TPOIECY, SKUH  BUMIPIOEThCS — 0e3
MOXHUOOK, iICHYIO TIOBHE pillleHHs 3aaadi mporrosy. Ha
’KaJjb, JUIS HAUIOTO BUIAJIKY TaKe MpsiMe PILICHHS MaJo
KOPHCHE B 3B 513Ky 3 OOMEKEHHSIM Ha KJIac IPOICCIB 1 HE
BpaxyBaHHSIM OXHOOK BHMipIOBAHb.

3amaga eKcTpamoJiAlii 3a HasBHOCTI MOXHOOK
BUMIPIOBaHb PO3MVIANAETHCS B JITEpaTypi SK YacTUH

BUIIAT0K 3a1aul ¢inpTparii. Haii6inpm
PO3MOBCIODKEHUM ~ METOJOM  JIiHiIHHOT  isbTparmii
peaiizamii MapKOBCHKOTO BHIIAJKOBOTO IIpOLECY €

¢ueTp Kanmana-broci [9-11]. fIxk nokasano B po0oTi
[12;13], miHifiHUA 3B'A30K MK TOCIIHKYBaHUMHU
BHITAJIKOBUM X @ i

pOLIECOM MpOLIECOM

BuMiproBanns Z(f) — oAHa 3 yMOB, 3a SKOi 3aralbHE

piBHsHHS HemiHiiHOT ¢imeTpamii P.JI. CtpatoHoBHYa
3BOJMTHCS 10 PIBHSIHHA  ONTHUMAJbHOI  JIHIHHOI
¢dinpTparnii Kamvana-broci. JIpyroro yMoBOIo € BEMOTa,
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Inpopmayinini mexrnono2ii ynpaeninns

o6 BumamkoBmii mpomec X (t) MiAMOpAIKYBaBCs

TmiHidHOMY  nHdepeHIlifHOMY  pIBHAHHIO  TEPIIOTO
MOPSIKY:

dX (t = -

EU _a0X 0 +6050). @

ne 9 (t) —m - Mipauit BekTOp ympapiinns, A(t) i G(t) —
nxXn i NXm MaTpull, €JIEMEHTH SKUX - Oe3mepepBHi
¢yskmii gacy. Marpung  A(t) BU3HAYaE AUHAMIKY
cuctem, a Mmatpunsg G(t) — mirodi Ha ii BXoaw 30ypeHHS.
Ha BHXOII  CHCTEMH  CIIOCTEPIra€ThCsl  MPOIIEC

Z()=H®OX(@)+V (), ne H(t) — marpuus po3mipom
pXn, 1O OMHCYE MpPOIEC CriocTepiranHs; V (1) - Gimmit
IyM TMOXHOKM crocrepiranus. IlpumyckaeTbes, Mo
CTATHCTHYHI BIACTHBOCTI IIyMy, o dopmyeThes I (1)

i mym crocrepiranns 17(t) BIJIOMI :
M[3()] = 0,M[V ()] = 0,M (I (1) ()] = US (15 —1y),
MV () (82)] = No(ty — 1)),
ne U ta N — cuMeTpu4Hi HEBiJl'€MHI BU3HAYCHI MATPHIT
PO3MIpiB mxm Ta pxp.

B 00cs13i miei Moaenm po3B’s3aHa 3amada, ae 1o

BiZIPi3Ky, IO crocTepiraeThes Z (1), f <t<t; 3Halitn

OiHKY X(Z;),¢; >t Maii0yTHBOTrO 3HAUEHHS MPOLECY

X ().
IIpu mpoMy Ha TiepHmIOMY eTami PO3B'SI3YEThCS

3aja4a ONTUMAaIbHOT cepeaHbOKBAIPATUIHOT

¢binprparii, A1 OMIHKA X (t),t =t; , 110 3HAXOAUTHCS K

PO3B’ 130K AUQEPEHITIHHOTO PiIBHSHHS:
%ff(t) = ADX + BOIZ(0) - HOXOLX @) = MX@). )

Marpuunuii xoediuienr B(t) Bu3HagaeTbes 3i
CHIBBIAHOIIEHHS:

B@O)=ROH" ()N,

ne R(t) — (nxn) — maTpuist kopessiii BEeKTopa MOXUOKH
GbinpTparii.
ominka X (;),t; > t;

Haiikpama  miniifHa

3HaXOJUThCS SIK )7(1?,») = (D(tl»,tk))?(tk )t >ty
ne @(4,t;) — mepexigHa Martpuis, WO 3aJ0BOJLHSIE

PIBHSHHIO:
d
E‘D(f,ﬁ) = AOD(,1); D, 1) =1,
t

ne | — onuHryHa MaTpUIIs.
Meron Kanmana-broci Mae Taki nmepeBaru:
—GinpTp sABASE cOO0I0 PEKYPEHTHHHA aITOPUTM
0OYKCIICHHS BEKTOPA CTaHy TUHAMIYHOI CHCTCMH;

—OIlIHKa BEKTOpa CTaHy € JIHIHHOIO BiTHOCHO
BHMipIOBaHb;

—apaMeTpH aJTOPUTMY OI[IHKH BEKTOpa CTaHy HE
3ajeXKaTh BiJl PE3yJIbTATiB BUMIPIOBaHb i MOXYTh OyTH
00YHCIIeHI TTOTIEPEHbO.

TakuM YHHOM, BpaxyBaBIIM MOXIIHUBICTP
3BEJICHHS BUIIAJIKOBOTO TPOIECY 31 3HAYHOIO MICISIEI0
10 MapKOBCHKOTO BHITQAKOBOTO TIPOIECY, 3aaada
MPOTHO3YBAaHHS MOXE pPO3TIIJATHCA SIK  3ajgada
EKCTpamnoJIsIii peanizanii MapKOBCHKOTO BHIIAIKOBOIO
IpoIeCy, I K01 iCHye psif pitieHb. OHAK MPU LBOMY
Pi3KO 3pOCTae CKIQAHICTh JaHUX pIllleHb, OCKiIBKU
HaBEJCHUI MapKOBCHKMN BHUIAIKOBUH MpolEC €
OaratoBuMipHUM [2].

[HIIMM MOJIMBHM TiXOJOM IO PO3B’SI3aHHS
3a1adi MPOTHO3YBAHHA € NPUHHATTS YSABJICHHS TPO Te,
10 BUIAJKOBHIA TPOIEC, SKUM JOCITIHKYETHCS, MOXKE
OyTH TPEICTABIICHUH Y BUTJISI]II:

X(t)=mt)+3(1)s (), (4)

ne m(t) i o(f) — BiANOBiAHO MaTeMaTHYHE CIIOiBAHHS

i cepenHpOKBa/paTHUHE BiAXMICHHs mpomecy X (t), a
¢(t) — cranionapHuil BUNaJKOBHIA IPOIIEC 3 HYJILOBUM

MaTEMaTUIHUM CIOIBaHHAM 1
JIUCTIEPCIETO.

Takuil Tpolec HA3UBAETHCS 3BOJUMHM [0
crauioHapHoro [15-16] i w1 Hporo Oyne BipHHH amapat
eKCTpanoJIAIiil peasi3alliii CTamoHapHOTO MPOIIECY.
Ilepmie po3B’si3aHHS OCTaHHBOI 3a7a4i HAJTAHO
Koamoroposum [16] mns  cranioHapHOI

mociigoBHOCTi  X(1), M[X(1)]=0,

OIMHUYHOIO

A H.
BUIIAIKOBO1

—00< ] <+0C, BBaXXacTbCAd BiIOMUM DS 3HAYEHb ILI€i
nociigoBHocTi X(i-1),x(i-2),...,x(i-k). 3amgada miHiHHOT
eKCTpamoJAlii Ha m KpOKIB ymepea 3BOAWTHCS [0
ninbopy Takux KoediuieHTiB d;, 3a SKMX JiHiliHa

OLIIHKA:

xi+m)=ax(i—D)+ax(i—2)+...+qx(i—k) (5)

3abe3meuyBasia O MiHIMYM CEpEIHBOTO KBaapaTy
MTOXUOKH HAOIIKEHHS
A 2
o (k,m) = M[| X (i +m)— X (i +m)| . (6)
3 ymoBM MiHiMyMy (6) npu  BigoMmii

KopersidHid  QyHkmii mocmimoBHOcTI X(i) 3HAYCHHS

Koe(iIieHTiB a; 3HAXOMATHCS  CTaHJIAPTHUMH

METOJJaMH.

Xoua y poboti [16] He ckimamaBcs omepaTop
MIPOTHO3YBaHHS y SIBHOMY BUIJIS[II, PO3BUHYTI y Hel i€l
BHKOPUCTOBYBAJHCS OCHOBOIO Yy psai poOit, ki
PO3TJSIIAIOTE  MOXIJIMBOCTI  3aCTOCYBaHHS  JIaHOTO
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METOZY Y Pi3HHUX MPAaKTHIHUX BHUOAIKax. Psm BUMAIKiB,
OTpUMaHUX B IIbOMY HampsiMi, HaBeJeHUH y podorTi [17].
B poGori [18] naerbcs  y3arajapHEHHsS — Teopil
A.H. KommoropoBa Ha  BHNAIOK  BEKTOPHHUX
CTaIliOHapHUX MOCITiJOBHOCTEH.

IIle omHMM  OCHOBONIOJOXXHHM  METOJIOM
eKcTpanoysinii peanizaii CTAalliOHAPHOTO BHIIAIKOBOTO
mporecy € Meron Binmepa [19-21]. OnrtmmansHa y
CepeHbOKBAIPATUIHOMY CEHCI OIliHKa MahHOyTHIX
3HaYeHb X (t;, +t,) BEKTOPHOIO0 BHIIAJKOBOrO IPOLECY
X (t) B 1aHOMY METO/Ii, 3 BUKOPHCTaHHSIM BHIIaJIKOBOTO
MIPOIIECY CITOCTEPITaHHS

Z(lk —T)=X([k —T)+Y(tk —T),Oﬁfﬁlk ,
OXUOOK

neY (ty —7)— BUIAIKOBUI

BHMIpIOBaHb, III0 BU3HAYATHCS 1HTETPAJIOM 3TOPTKHU:

npotec

Iy
X(1, +1 )=jH(r+t YZ(t —71)dr, (7)

0
ne H(t) — iMmynbcHa — XapakTepHCTHKA
ONTHMAILHOTO  (imbTpa —  EKCTpaIoJiAToOpa, sKa

3HAXOIUTHCA 3 iHTeraﬂLHOFO piBHﬂHHfII

U
[H(@ +1,)R(z —7)dT' = Ryz (r+1,) . (8)
0

V pisusnni (8) R,(7) - xopensuiiina Marpuis
Ryz(r) -
MaTpuis nporecis Z (1) i X (t).

nporecy Z: ) B3a€EMHa KOpeIIiitHa

[NopanbmmM  poO3BUTKOM  i1€i  BIHEPOBCHKOI
¢utpTpanii — excrpanosnii peanizamiii crarioHapHOTO
mporecy € meton A.H. Cxmsipesnya [22]. Ha BimMiHy
BiJl 3aIPOIIOHOBAHOTO BiHepom po3B’s3Ky piBHAHHS (8)
3a jgomomoroio meperBopeHHs @Dyp’e 'y wmeroni

CxisipeBH4a, JaHe  PIBHSHHS  PO3B’S3YEThCS  3a
JIONIOMOTOI0 riepeTBopeHHs Jlarnaca.
OmHUM 3 TakuX METOJIB CKCTPAHOJISIIl

peaiizawiii CTaliOHAPHOTO BUIIAJKOBOTO IPOLECY, LIO
Ha0yB IIMPOKOTO 3aCTOCYBAHHS B 00JIACTI €NEKTPUIHUX
Mepex, € meton bone-llenona [23]. 3a nquMm MeTonoM
NPUCTPi TMPOTHO3YBaHHsS peajii3auii CTalioOHApHOTO
BHITAIKOBOTO TMporecy X(t), pe3ynbTaT BUMIPIOBAHHSI
SIKOTO SIBJISIE COOO00 amuTHBHY cymim X(t) i mymy Y (t),
CKJIQJIA€THCS 3 JIBOX MOCIIZOBHO 3 €THAHUX OIIEPaTOPIB.
[lepmmii TepeTBOPIOE CUTHAN IO CIIOCTEPITacThes Y
Oumii myM, a Apyrud — 3 MBOro OuToro mymy
NpOrHO3ye BXiMHMH curHai. I[lpu npomy mneprmit
ormepatop sABIs€ €000l  QUIBTP 3  YaCTOTHOIO

XapPAKTEPUCTHUKOIO P (@) 1ist NOCUIECHHS

(Sy(@)+S,(@)™"?,

e S (w) i Sy(a))

BIATIOBITHO ~CIIEKTpaJIbHI
winbHOCTI npouecis X(t) i Y(t). Ipu upomy py(@) , mwo

PO3TIAAAETHCS SIK (DYHKINST KOMIUIEKCHOI 3MiHHOI (O ,
MMOBUHHA OYyTH aHANITHYHOI (DYHKINIEIO Y TiBIIONTHHI

Im(w)<0, 1 Bectn cebe Ha miiicHI oci Tak, mOO0
0g |P160|
iHTETpan J—dw OyB ckiHueHHUM ( QITBTp Mae
0 1+C{)

Oyt Qi3HYHO TIHCHUM).
Hpyruit onepaTtop sBIsE
YaCTOTHOI XapaKTEPUCTUKOIO

coboro  dimpTp 3

-1 Sy(@)
p(@)=p (@) ————.
Sy (@) + S, (@)
Omxe, pO3B’sA3aHHA 3a4adi  EKCTPAOJAIi
JIOCTIIKYBAHOTO BUIIAIKOBOTO npouecy 3

BUKOPUCTAHHSAM MPEICTABICHUX METOMIB MOXE OyTH
3milicHeHe 0e3 O0COONMBUX TPYOHOIIIB, OJHaK y
BU3HAUYCHNX MEXaxX Ha BHIAJAKOBHH mpoIec, Mo
MpOrHO3yeThcst. OCHOBHHUMH 3 IUX OOMEKEHb €
YSIBJIICHHSI TIPO T€, IO MPOIEC, € a00 MAPKOBCHKUM, 200
npeacraBiaeHuid 'y Burisni (4) (tobro 3BemeHUH IO
CTaIliOHAPHOTO BUMAAKOBOTO mporecy). KpiM toro, ciif
BiIMITHTH, II0 BUKOPHCTaHHS ICHYOUUX pIlICHb s
CTaIliOHapHUX BWITAJIKOBUX TIPOIECIB TIOB’s3aHO  3i
3HaYHUMU 00YHCITIOBAIEHUMH HE3PYIHOCTSIMH,
OCKIJIbKM IIi DILICHHS, SIK IPaBUIIO, BUPAKAIOTHCS Y
CIIEKTPAILHUX TepMiHax [29].

HaiiGinpm  yHiBepcaJIbHUM, 3 TOYKH 30Dy
BiJICYTHOCTI 0OME)XEHb Ha KJIAC BHIIAJKOBUX MPOIIECIB 1
3pydyHHM Ui 0oOYuciaeHHs (II0 € BaXJIUBUM 3
ypaxyBaHHSIM OOMEXeHb OOpPTOBOI OOYHCITIOBAIEHOT
TEXHIKH) € METOJ| eKCTpanoismii [24-27], mo 6a3yeTbes
Ha KaHOHIYHOMY po3BHuHeHHI [lyrauyosa [14; 28]. Jlane

PO3BMHEHHS B JHUCKPETHOMY psal TOYOK f, i=1,1

BUITA/IKOBOTO MPOLECY MO AOCTimKyeThess X (t), Mae
BUTJIS;

X, =my, (i) + Z ZV(%W@) h=LH, (9
A=lv=1
e (p}(l/}/)(i) — HEBUIMAJKOBI KOOPAWHATHI (QYHKIIiI, 110

BHU3HA4YarOThCA AK:

05 () = M) L MU 0 =0

npu [ >V abo A>h; (10)
o) =1mpu h=4iv=i;

P

- BUIAJKOBI KOE(IIi€HTH, IO MATh TakKi

BJIACTUBOCTI :
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M[7, 4 1=0, My, D Vi =0

v=u i

npu

HEBUKOHAHHI  JKOJHOI  YMOBH A=¢;

2
My 10

Sk cminye 3 Bupasy (10), equHIM 0OMEKESHHAM
0 HAKJIAJA€ThCSI HA MPOIEC anaparoM KaHOHIYHHX
PO3BUHEHb, € KOHEYHICTh IUCIIEPCId BiAMOBIAHUX
koe(imieHTiB [28], m10 3BUYAHO 32I0BOJIGHSETHCS TSI
peanbHUX Qi3MYHHUX NPOLECIB i HE € CYTTEBHM.

VY [28] moka3zaHo, 1m0 KaHOHIUHE po3Kiaj (9)
TOYHO ONHUCY€E (YHKINIO, SKa PO3BUHETHCS B TOUYKAX
i=1L1 i

TUCKpeTH3ammii  fj, 3abe3neyye MiHIMyM

CEpeHbOTO  KBaJpaTy T[OMWIJIKHA HAOJNMDKCHHS B
MPOMIDKKAaxX  MPOMIXK HUMU. TakuM  9WHOM,
BUKOPHCTAHHS LOTO PO3BHHEHHS HE  3/IHCHIOE

3ary0seHHs iHpopMaii nporecy, Mo JOCHiIKYETHCSL.
3rinHo  [27], airopuT™M ONTHMAJIBHOI Y
CepeNHbOKBAIPATUIHOMY CEHCI JIIHIHHOT €KCTPAITOJISIIil
peamizarii mpomecy X (t), MmO 3aZaHMil BUITAIKOBOIO
nocinigoBHictio (9), mnpu noBineHOMy umcni  k<I

MOMEHTIB BHUMIpIiB 1 4YHCHT FusTy 2 Tyils M :I,_k
BIZIOMHUX 3HaU€Hb B KOXKEH 3 HUX Ma€ BUIJIAA:
(n, ) (71, Tu-1)
i) = )+ (x, o ()=
(1
(715 RUTES 1) /4) 1 17 171
# (e Phit @, h=1LH, i=1,L
OGuucienHs  MaiibyTHix  3Hauens X (t)
BiamoBimHO Jg0 Bupasy (2.11) nmoumHaeTbcs 3
noyaTkoBoro (g =1) 3HaueHHs mepIIOi CKIATOBOT

x1(1), micas 9oro MOCHIZOBHO BBOIATHCH MOYATKOBI

3HAUEHHS PEIITH CKIAJOBUX. TiNBKH IICIS TOTO, SK
BHUKOPHCTAHI BCI BiZOMI 3HAYCHHS IS MOMCHTY £ =1
3IIACHIOETHCS TIEPEXif] 0 HACTYIIHOTO MOMEHTY A =2,
TTOBTOPHO 3IIHCHIOETHCS TIOCIIOBHHIA TIepedip BiIOMUX
3HAYCHb B MOPSAIKY 3POCTaHHS HOMEPIB CKJIAJIOBUX.
Anroputm (11) nae He3MilleHy OILIHKY MaHOyTHIX
3HaueHb peamizalii, Mo EeKCTPAIMOIIOETECA, 1 B MeXax
JMHIAHUX 3B’sA3KiB 3a0e3ledye MiHIMyM CEpEeIHbOrO
KBaJpaTy TMOXHMOKH eKCTpamoJiillii, IO JOPiBHIOE
JUCTiepcii:

D}(l’la"w”k)(i): z ZD(;”)[(D(/D(Z)]Z,Z':/(-FI,I (12)
A=lv=n;

aroCcTepiOpHOro BUIIAJKOBOTO MPOLIECY:

h i
X @y = i )+ 3 Y VP,

(13)
A=lv=ny
helH . i=11 k+1 npu A<r,
=1, ,1=141, =
Tk 1 npu A>r.

JIst cCKaJspHOTO BWITAIKOBOTO Tporecy X(t) 3
(9) orpumaemo

X@)y=m (D)+ X V,0, ), i=L1
v=1

Ha  mimcraBi  Bupazy (14)  amropurm
ONTUMAJILHOI Y CePEeTHBOKBAPATHYHOMY CEHCI JIIHIHHOT
eKCTparnoJIAIii peamizalii BUmaIkoBoro mnpoimecy X(t) 3a
k BIiZOMHM TIOCHIZOBHMM IIOYaTKOBUM 3HAYEHHSIM

X(p)=x(w), u=Lk, k<I
NPE/ACTAaBICHUM B OJIHIM 3 JIBOX €KBIBaJEHTHUX (hopM
[75]:

(14)

MOKE %0

m,(i), u=0,i=k+11;

m{# (i) =m0 + L) = mE D (1 (15)
*0, (D), =Lk, i=k+LI;
) S o,
my (i) =m (i) + D x(u) [ (@), k<1, i=11.(16)
pn=1
VY Bupasi (16) BaroBi (yHKUIl IpH BIIOMHUX

0 _
LEHTPOBAHUX 3HAUCHHAX x(), 4 =1,k peanizamii, mo

EKCTPAIIOJIIOEThCS, BH3HAYAIOTHCS 3aBISKH BUXIIHUM
KOOPJIMHATHUM (DYHKIISIM CITiBBITHOIICHHSIM:

0G0 - 15D er () npu u<k-1;
0, (0) npu pu=k, k<Il,i=k+11.

0a) = *(17)

Takox, SIK 1 y BEKTOPHOMY BHIIQJIKy, B MEXax
miHidHOoi Mozenmi Bupasy (15), (16) mae He3mimeHy
OLIHKY  MaWOyTHIX  3HayeHb  peamizamii, IO
EKCTPAIOIOEThCA 1 3a0e3nedye MiHIMYM CEpeIHbOTrO
KBaJIpaTy MOXHUOKN €KCTPAIOJISIIIi, IO JOPiBHIOE:

K — APINL
B ()= MIX i/ x(w), p=1Iy=mP @) 1=
i - (18)
=Y D )=DPG), i=k+L1.
v=k+1
Jie D;k)(i), i=k+1,1, - JUCTIEPCist
arocTepiopHOTO BI/IHaI[KOBOFO MpoLECy:
xO @y =m®B )+ Zwv(z), =11, (19)
v=Il
110 BUHUKAE 3 arpiopHOTO 3a YMOBOIO

X(w)=x(w), p=Lk.
BucuoBok

TakuM 4MHOM, BPaxOBYIOUH II€peBaru MeToja
EKCTPaIoJIAIii, 0 0a3yeThCsl HA KAHOHIYHOMY PO3KIIaii
BUIIaJIKOBOTO Tpolecy (BIICYTHICTh Ha Kilac HPOLECIB
0 MPOTHO3YEThCS , TMPOCTOTA OOYUCIICHHS), TaHUN
IXi1 MOXKe OyTH NPUHHATHM 32 OCHOBY B TIOJAJIBITHAX
JIOCHI/DKEHHSX. 3aCTOCYBaHHS TaKMX METOMIB JUIst
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OLIIHKU CTaHy CKJIAJHUX CHCTEM J03BOJHTH ITiJBHILIMTH
piBEHb MPUAHATTS YHPaBIiHCHKHX PINICHh Ta SKICHOTO
OIIIHIOBAaHHS ICHYIOYOTO CTaHy Ta MOXIUBOCTEH. Takox
el METOJ MOXE 3aCTOCOBYBATHCS TMPH CTBOPEHHI
THTEJIEKTYaIbHUX 1HPOPMAIIHHUX CUCTEM
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ITPOI'HO3YBAHHSA CTAHY CKJIAJJTHUX CUCTEM B CYYACHUX
CUCTEMAX YIIPABJIIHHA TA IHTEJEKTYAJIbHUX THOOPMAIIIHHAX
CUCTEMAX

IIposedeno ananiz icHylouux memooie excmpanonayii Oasi NPOZHO3Y8AHHS BUNAOKOBUX NPOYeCci8, CMAHY
ckaaonux cucmem. Ocobausa yeaea npudiieHa ubOOpPy ONMUMAILHO20 Y CePeOHbOK8AOPAMUUHOM) CEeHCE
memooy. Tokazano, wo nepcnekmueHUM HANPIMOM € KAHOHIYHUL PO3KIAO BURAOKOB020 NPOYeEC).

Kniouosi cnosa: cman cknadonux cucmem, 6URAOKOGI npouecu, eKCMpPAnoaauisa, nPOHO3YE6aAHHA,

KAHOHIYHUIL PO3K1aA0, MAPKOECHKI npoyecu

ITocTanoBka npodaemu

B cywacHux cucremax ynpaBiiHHS AiSUIBHICTIO
noTpiOHa iHpOpMAIls A HPUHHATTS PIILCHHS LI0/0
MalOyTHIX Jiif 94X OI[IHKA OOCTAHOBKH IIO CKJIAJCTHCS.
IHmmMu  cmoBaMu — TPOTHO3YBaHHA. IcHye OGararo
MeToniB mporHo3dy. lle 1 Merogum MoOAENIOBaHHS,
eKCIIePTHI CUCTEMH 1 METOIU eKCcTpamnoysiii. OCKUTbKH
00’€KTH TPOTHO3y MAalOTh BIACHI BIACTHBOCTI 1
00OMe)KeHHS, HAWOUTBII MOUITbHUM OylIe METOM, SKHA
Ma€ HalMeHIIN 3ajJIeKHOCTI Ta oOMexeHHs. Lleli Meton
MOBMHEH BpaxOBYBaTH 1HIN HEOOXigHI  CKJIQJOBi
npouecy. Takox HeoOXiHO BpaxyBaTH, 1100 el MeTo]
OyB ONTHUMAJBHUM Y CEPEIHBOKBAIPATUYHOMY CEHCI.

Merta crarTi

Meror naHOi cTarTi € NPOBEICHHS aHANI3Y
ICHYFOUMX METOJIB EKCTPAamoJALii JUIsi ONTHMAaIbHOTO
3aCTOCYBaHHS TPH  TMPOTHO3YBaHHI  MpPOIECIB B
YIPaBJIiHHI CKIaJHUMH POLIECaMHU.

B psini po0it [1-6] moka3aHo, 0 BUIAIKOBHMA
TIPOIIEC 31 3HAYHOIO MICISATIEI0 PAKTUIHO 3aBIKIH MOXKE
Oyrn 3BepeHHMH 10 0araToBUMIPHOTO MapKOBCHKOTO
MmpoIlecy 1 TaKUM YMHOM 3aja4ya IPOTHO3YBaHHS B
TEOPETUIHOMY BUTJISAAI MOXe OyTH 3BeAeHa 1o 3amadi
EKCTpamnoJsmii peanizaiii MapKOBCHKOTO BHITaJKOBOTO
mporecy. JJo OCHOBOIMOJIOXKHUX B Mii 007aCTi HAJNCKHUTH
pobota [7], ne oTpuMaHO mu(epeHIiaTbHE PiBHIHHS,

0 BH3HAYa€ IMOBIPHICTH P},(t,)_(o) JIOCSATHEHHS
peaitizairieto MapKOBCHKOTO poIIecy, 111(V)
JOCTIKYETBCS, IESIKOI 3aJaHOT MEXKH ) 3a YMOBH, IO B
MOYaTKOBUH MOMEHT uyacy t=0 BuUmaakoBa TOYKa
3HaxoAuIach y (ikcoBaHiil Binomiil Touli X .

VYV poboti [8] A.H. Kommoropoum oTpumaHO
nuQepeHIliiiHe pPIiBHAHHS A INUIBHOCTI iIMOBIPHOCTI
nepexomy 7(X,t/X',t'), 0 XapaKTepu3ye iMOBIpHICTH

MePexoay MapKOBCHKOT'O BHIAJKOBOTO MPOIECY 3 TOUKH

X={X,....X},}, B 00nacTpb
X +dX ={X,+dX,,.,X,+dX,} 3a TIPOMikOK Hacy
t—t'>0

n

.- = o = = =
E(X:t/XO’to):_z X {a)(X,07m(X, 1t/ Xg,10)]+

— 0X
, 7 (D)
LS 0 (XXt Xgut)]
+_ Y < ij b 7[ b b
21..2,10—)(1.0—)(‘[ y 00
2J= J
ae
_ ) 1 _
a/(X,6)= lim [—jM{(Xl-(t+At)—X,-(t))/X(t)} ;
At—0\ At
KOCQIIIEHTH 3HOCY;
= (1 [X;(t+An) - X; ()]
bl'l'(X,l)Z lim | — (M —
: At—0\ At [X;(t+An) - X ;(0)]/ X(2)
koedinientn audysii.
Taxum YHHOM, TSt MapKOBCHKOTO
BHITAJJKOBOTO  TIPOIIECY, SIKHH  BUMIPIOEThCS — 0e3

noxuOOK, ICHYIO NOBHE pillleHHs 3aj1adi nporHody. Ha
’Kajb, JUIS HAUIOTO BUMAIKY Take MpsiMe PIICHHS MaJo
KOPHCHE B 3B’5I3Ky 3 0OMEXEHHIM Ha KJIac MPOIECiB i He
BpaxyBaHHSAM MMOXUOOK BUMiPIOBaHb.

3amaua eKCTpamoilii 3a HAsSBHOCTI MOXHUOOK
BHMIPIOBaHb PO3MIIAJAETHCS B JITEpPATypi SAK YacTHH

BUIIAT0K 3a1aul ¢inpTparii. Haii6inpm
PO3MOBCIO/KEHUM ~ METOAOM  JIHIHHOT  QinbTpanii
peaizamii MapKOBCBKOTO BHUMAJKOBOTO TPOIECY €

¢ineTp Kanmana-broci [9-11]. Sk moka3zaHo B poOoOTi
[12;13], omiHidHWE 3B'SI30K  MDK  JIOCIIIKYyBaHUMHU
BHITAJIKOBUM X @ i

pOLIECOM MpOLIECOM

BuMiproBanns Z(f) — oxHa 3 yMOB, 3a SKOI 3aralbHE
piBHAHHS HemiHiHHOT ¢uibTpauii P.JI. CtparonoBuua
3BOJMTHCS 10 PIBHSIHHA  ONTHUMAJbHOI  JIHIHHOI
¢dinpTparnii Kamvana-broci. JIpyroro yMoBOIO € BHMOTa,

mo6 BumajkoBuii mnporec X (t) miAmopskyBaBcs

© P.K. Mypacos, }0.A. JI3r00eHKo
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Inpopmayitini mexrnono2ii ynpaeiinms

TmiHidHOMY  nHdepeHIlifHOMY  pIBHAHHIO — TEPIIOTO
MOPSIIKY:

dx(t - -

0 40X +G30), @

ne J(¢) —m - mipHuit BekTop ympasminas, A(t) i G(t) —
nxXn i nNXm MaTpHii, €JIeMEHTH SKHX - Oe3lepepBHi
¢yskmii gacy. Marpung  A(t) BU3HAYaE AUHAMIKY
cucteM, a Marpuisg G(t) — niroui Ha ii BXoau 30ypeHHSL.
Ha BHXOII  CHCTEMH  CIIOCTEPIra€ThCsl  TPOIIEC

Z(O)=H®OX()+V (1), ne H(t) — marpuus posmipom
pXn, IO ONHCYe TPOIEC CrocTepiranus; V (¢) - Gimuit
IIyM MOXMOKHM croctepirannsa. [Ipumyckaerscs, o
CTATUCTHYHI BIACTHBOCTI myMy, mo dopmyeTbes 3 (¢)

1 IIyM cIIoCTepiraHHs I7(t) BiZioMi :
M ()] =0,M[V ()] = 0,M (3 (t))8 (t2)] = US(ty — 1),
MV (t;)V (t3)] = NS(ty — 1)),

ne U ta N — cumMeTpuyHi HEeBiJ’€MHI BU3HAYCHI MaTpHII
pPO3MipiB mxm Ta pXp.
B 00cs13i wiel Mozeni po3B’s3aHa 3aj1a4a, A€ 110

Bifi3Ky, IO crocTepiraetbes Z(t), # <t <t; 3maiitn

OIHKY X(Z;),t; >1;, MaillOyTHBOTO 3HAYEHHS MPOIECY

X ().
IIpu oMy Ha TiepmIOMY eTami PO3B'SI3yEThCA

3aja4a ONTUMAaIbHOT cepeaHbOKBAIPATUIHOT

UIBTpaLii, s OLIHKH X(t ,t =t;,, MO 3HAXOIMUThCA SIK
Tp k

PO3B’5130K AM(EPEHLIHHOTO PIBHSHHSA:
%fm) — 40X + BOZ0 - HOX O, X ) = MiF @y, O

Marpuunuii koedimieHT B(t) BU3Ha4daeTbes 3i
CIHIBBIAHOIIEHHS:

B(H)=ROH" ()N,

ne R(t) — (nxn) — MaTpuIls KOPENsAIii BEKTOpa MOXUOKH
¢utpTpanii.

Haiikpama siniiina  ouinka X (4;),4; > t;
3HAXOJUTHCS AK X(t;) =Dt t )X () t; >ty
ne D(t,t;) — nepeximHa MaTpuus, WO 3aJ0BOJBHSE

PIBHSHHIO:
;,icb(z,rl)=A(z)d>(t,r1>;cb<r1,r1)=1,
t

ne | — opnanyHa MaTpuUIs.
Meron Kanmana-broci Mae Taki nmepeBaru:
—QinpTp sBISIE COOOI0 PEKYPEHTHHH alrOPUTM
004YHCIIeHHS BEKTOpa CTaHy ANHAMIYHOI CHCTEMU;

—OIlIHKa BEKTOpa CTaHy € JIHIHHOIO BiTHOCHO
BHMipIOBaHb;

—apaMeTpH aJTOPUTMY OI[IHKH BEKTOpa CTaHy HE
3ajeXKaTh BiJl PE3yJIbTATiB BUMIPIOBaHb i MOXYTh OyTH
00YHCIIeHI TTOTIEPEHbO.

TakuM YHHOM, BpaxyBaBIIM MOXKIHUBICT
3BEJICHHS BUIIAJIKOBOTO TPOIECY 31 3HAYHOIO MICISIEI0
10 MapKOBCHKOTO BHITQAKOBOTO TIPOIECY, 3aaada
MPOTHO3YBAaHHS MOXE pPO3TIIJATHCA SIK  3ajgada
EKCTpamnoJIsIii peanizanii MapKOBCHKOTO BHIIAIKOBOIO
IpoIeCy, I K01 iCHye psif pitieHb. OHAK MPU LBOMY
pi3KO 3pOCTae CKIQJHICTh JaHWX pIillleHb, OCKiIBKU
HaBEJCHUI MapKOBCHKMN BHUIAIKOBUH MpolEC €
OaratoBuMipHUM [2].

[HIIMM MOJIMBHM TiXOJOM IO PO3B’SI3aHHS
3a1adi MPOTHO3YBAHHA € NPUHHATTS YSABJICHHS TPO Te,
10 BUIAJKOBHIA TPOIEC, SKUM JOCITIHKYETHCS, MOXKE
OyTH TPEICTABIICHUH Y BUTJISII:

X (1) =m(t)+ 5 ()G (1), 4)

ne m(t) i o(f) — BinnoBizHO MaTeMaTHYHE CIIOAiBAHH

i cepenHpOKBa/paTHUHE BiAXMIEHHs mpomecy X (t), a
G(#) — cranionapHuii BUMAAKOBMii IPOILEC 3 HYILOBUM

MaTeMaTUYHUM CIOJIIBAHHSIM i
JIUCTIEPCIETO.

Takuil mpolec HA3UBAETHCS 3BOJUMHM [0
crauioHapHoro [15-16] i g Hporo Oyne BipHHH amapat
eKCTpanoJIAIiil peasi3alliii CTamoHapHOTO TPOIIECY.
Ilepmre po3B’si3aHHS OCTaHHBOI 3a/adi HAJaHO
Koamoroposum [16] mns  cramioHapHOI

nmociuigoBHocTi  X(1), M[X(1)]=0,

OJJVMHHUYHOIO

A H.
BUIIAJKOBO1L

—00< [ <+00, BBaxacThCsl BIJOMHM psiJi 3HAYEHb III€i
nocnigoBHocTi X(i-1),x(i-2),...,x(1-k). 3amava minHilHOT
eKCTpamoJAlii Ha m KpOKIB ymepea 3BOAWTHCA [0
ninbopy Takux KoediuieHTIB @, 3a SKHX JiHilHA

OITiHKa:
Xi+m)y=ax(i —D)+ax(i—2)+..+qxi—k) (5)

3abesneuyBaia 0 MiHIMYM
MMOXHUOKHU HAOIMIKEHHS:

CEpeAHbOro  KBaJpaTy

o (k,m) = M[| X (i + m)— X (i +m) 2].
(6)

3 ymoBM MiHiMymMy (6) Tnpu  Bigomid
KopersniiHid  GyHkmii mocmimoBHOcTi X(i) 3HAYCHHS
Koe(iIieHTiB aj;

3HaXOOATHCA CTaHIAPTHUMHU

METOJaMH.

Xoua y poboti [16] He ckiamaBcs omepaTop
MIPOTHO3YBAaHHS y SIBHOMY BHTIJISII, PO3BUHYTI y Hel ifel
BHKOPUCTOBYBAJHCS OCHOBOIO Yy psai poOit, ki
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PO3TIANAIOTE  MOXIIMBOCTI  3aCTOCYBaHHS — JaHOTO
METOZY Y Pi3HHUX MPAaKTHIHUX BUOAIKax. Psm BUMAIKiB,
OTpMMaHuX B IIbOMY HalpsMi, HaBeJeHui y poboTi [17].
B poGori [18] naerbcs  y3arajabHEHHsS — Teopil
A.H. KonmoropoBa Ha  BHIAOOK  BEKTOPHHUX
CTaIliOHapHUX MOCITiJOBHOCTEH.

[Ile oOHMM  OCHOBOIIOJIOXXHHM  METOJIOM
eKCTpanoJIAIii peamisarii CTarioHapHOTO BUIAJIKOBOTO
mporecy € wMeron Binmepa [19-21]. OnrtmmansHa y
CepeHbOKBAIPATUYHOMY CEHCI OLiHKAa MalOyTHIX
3HaYeHb X (¢ +1t,) BEKTOPHOTO BHIIaIKOBOTO IPOLECY
X (t) B 1aHOMY METOIi, 3 BAKOPHCTAHHSM BHIIAIKOBOTO
MIPOIIECY CITOCTEPITaHHS

Z(tp —1)=X(ty —0)+ Y (ty —1),0<7 <1,
TOXUOOK

ne f(tk -7)— BUIIAJKOBUI

BHMIpIOBaHb, III0 BU3HAYATHLCS 1HTETPAJIOM 3TOPTKHU:

poiec

.
X+t )= [H(r+t)Z(t -}, (7)

0
ne H(t) — iMmynbcHa — XapakTepHCTHKA
ONTHUMANBHOTO  (iIbTpa —  EKCTpamoJsiTopa, — sKa

3HAXOIUTHCA 3 iHTeraﬂLHOFO piBHﬂHHfII

U
IH(T’+t3)RZ(T—r')dr’ =Ry (r+t,).
0

(®)

V pisusnni (8) R,(7) - xopensuiiina matpuns
Ryz(7) -
MaTpHIs nporiecie Z (1) 1 X (t).

npouecy Z ®); B3a€MHa KOpeIIiitHa

IomanpmM  pO3BUTKOM i€l  BIHEPOBCHKOT
GbinpTpartii — ekcTpanoAIii peanizamiid CTamioHapHOTO
mporecy € meron A.H. Cxmsipesnya [22]. Ha BimMiHy
BiJl 3aIPOIIOHOBAHOTrO BiHepom po3B’s3Ky piBHAHHS (8)
3a jgomomMorolo meperBopeHHs @Dyp’e y wmeroni

CxisipeBH4a, JaHe  PIBHSHHS  PO3B’S3YEThCS  3a
JIOTIOMOTOX0 TIepeTBopeHHs Jlamnaca.
OmHUM 3 TakuX METOJIB CKCTPAMOJSIil

peaiizamiii CTaIl[iOHapHOTO BHITAIKOBOTO TPOIIECY, IO
Ha0yB IIMPOKOTO 3aCTOCYBAHHS B 00JIACTI €NEKTPUIHUX
Mepex, € meton bone-llenona [23]. 3a nquM MeTon0M
MIPUCTPili MPOTHO3YBaHHS peami3alii CcTalioHapHOTO
BHITAIKOBOTO TMporecy X(t), pe3ynbTaT BUMIPIOBAHHSI
SIKOTO SIBJIsIE CO0010 aauTHBHY cymim X(t) 1 mymy Y(t),
CKJIQJIA€THCS 3 JIBOX MOCIIZOBHO 3 €THAHUX OIIEPaTOPIB.
[lepmmii TepeTBOPIOE CUTHAN IO CIIOCTEPITacThes Y
Oinuid mym, a Jpyrud — 3 1BOro OII0ro wHIymMy
NpOrHO3ye BXigHMH curHai. I[lpu npomy mneprmit
omeparop sABISE c0000 (QIIBTp 3  YACTOTHOIO

XapaKTEPHCTHKOIO P (W) s TOCHIEHHS

(Sy(@)+5, ()2,

e Sy@) i S(@) -

BIJIMOBIIHO CIIEKTPaJIbHI

ugibHoCTi nportecie X(t) i Y(t). Ipu upomy py (@) , mo
PO3MIISIAETHCS SIK (DYHKISE KOMIUIEKCHOI 3MiHHOT (O,
MOBUHHA OyTH aHAIITHYHOIO (DYHKLIEIO y IiBIUIOLIMHI
Im(w)<0, 1 Bectn cebe Ha AiHCHIA oci Tak, 10O

|P160| . .
iHTErpan J.—da) OyB ckiHueHHUM ( QUILTP Mae
0 1+ 0°
Oyt Qi3HYHO TIHCHUM).
Hpyruit onepaTtop sBIsE
YaCTOTHOO XapaKTEPUCTUKOIO

coboro  dimpTp 3

-1 Sy(@)
pr(@)=pp (@) ——————.
S, (@)+ S, (@)
Omxe, pO3B’sA3aHHA 3a4adi  EKCTPANOJAIi
JTOCTIIKYBAHOTO BUIAIKOBOTO npouecy 3

BUKOPUCTAHHSAM MPEICTABICHUX METOMIB MOXE OyTH
3milicHeHe 0e3 O0COONMBUX TPYOHOIIIB, OJHAaK y
BM3HAUYCHNX MEXaxX Ha BHIAJAKOBHH mpoIec, Mo
MpOrHO3yeThcst. OCHOBHUMH 3 X OOMEXEHb €
YSABIICHHS TPO Te, IO TpoIlec, € ab0 MapKOBCHKHM, ab0
npeacraBiaeHuid 'y Bursini (4) (todro 3BemeHWH 11O
CTaIliOHAPHOTO BUMAAKOBOTO mporecy). KpiM toro, ciifn
BiIMITHTH, II0 BUKOPHCTaHHS ICHYFOUUX pIlICHb s
CTaIliOHapHUX BWITAJIKOBUX TIPOIECIB TIOB’s3aHO  3i
3HAYHUMU 00YHCITIOBAIEHUMHU HE3PYYHOCTSIMH,
OCKIJIbKM IIi DILICHHS, SIK INPaBUIIO, BUPAKAIOTHCS Y
CIIEKTPAIbHUX TepMiHax [29].

Haii6inpm yHiBepcaIbHUM, 3 TOYKH 30Dy
BiJICYTHOCTI 0OME)KEHb Ha KJIAC BHIIAQJKOBUX MPOIECIB 1
3pydyHHM Ui OoOYucieHHs (IO € BaXXJIUBUM 3
ypaxyBaHHSIM OOMEXeHb OOpPTOBOI OOYHCITIOBAILHOT
TEXHIKH) € METOJ| eKCTpanoismii [24-27], mo 6a3yeTbes
Ha KaHOHIYHOMY po3BuHeHHI [lyrauosa [14; 28]. Jlane

PO3BMHEHHS B IUCKPETHOMY psmi TOUOK f, i=1,1

BHIIAIKOBOTO TIPOILIECY IO JOCITIKYETHCS X (t), mae
BUTJISII;
B
Xy =mu()+ Y Y VPl i) h=1,H, (9)
A=lv=1
ae ¢h}“)(z) — HEBUNAJAKOBI KOOpAWHATHI (YHKI, 10

BHU3HA4YarOThCA AK:

o= Eg MLV o2 =0

npu [ >V abo A>h;
go,(l};)(z):l npu h=A41Vv=i,

(10)

p

- BUMNAAKOBI Koe(ili€HTH, IO MATh TaKi

BJIACTUBOCTI :
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Inpopmayitini mexrnono2ii ynpaeiinms

M[y,(4) 1=0, My, » Vi 1=0 npu
HEBUKOHAHHI JkomHol yMoBH V=U 1 A=¢;
2
w1 o)
Sx  BmmmBae 3 Bupasy (10), enunuMm

0OMEXEHHSIM IO HAKIAaJae€ThCS Ha MPOIEC amapaToMm
KaHOHIYHMX pO3BHHEHb, € KOHEYHICTh JHCIIePCiit
BIINOBITHUX  KoedimieHTiB [28], 1m0  3BUYANHO
3aJI0BOJIBHSETHCS JJIS1 peaibHUX (Pi3MYHMX MPOLECIB 1 HE
€ CYTTEBUM.

VY [28] moka3zaHo, 1m0 KaHOHIYHE po3Kiaj (9)
TOYHO OMUCYe (YHKINI, SKAa PO3BHHETHCS B TOYKAX

mucKperm3amii  f;, i=1,/ 1 3abe3meuye MiHIMyM
CepelHbOr0  KBaJapaTy TMOMHJIKH HAOJMKEHHS B
MPOMDKKAaX  TPOMDK  HHMH.  TakKuM  YHHOM,
BUKOPUCTaHHSA I[bOTO PO3BHHCHHS HE 3[IHCHIOE

3aryboneHHs iHpopMariii mporecy, 1o TOCHTiTKYETHCS.
3rigHo  [27], anropuT™M  ONTUMAaNBHOI Y
CepeHbOKBAIPATHYHOMY CEHCI JHIHHOT eKCTpanosIsLii
peamizamii mporecy X (t), mo 3aJaHUl BUIAIKOBOIO
nocinigoBHictio (9), mnpu noBineHOMy umcni  k<I

MOMCHTIB BHUMIpiB 1 4wuCi FusTu 2 Tysts M u=1k
BiZIOMHX 3HA4€Hb B KOXEH 3 HUX MA€ BUTIISJL
(71, 1) (’1, 1)
i) = )+ (x, A
. an
" gy @), b =T H, i =11
Tu
O6unciIeHHs  MaiibyTHix  3Hadenp X (t)
BiAmoBimHO J0 Bupasy (2.11) nmoumHaeThcs 3
novaTkoBoro (¢ =1) 3HaYeHHs TMepIIOi CKIaI0BOI

x;(1), micms 90ro MOCTiMIOBHO BBOIATHCSA IIOYATKOBI

3HAQUEHHS PELITH CKJIaAOBHX. TiJBKM IICNS TOTO, SK
BUKOPHCTaHI BCi BiJIOMI 3Ha4YeHHS U1 MOMEHTY =1
3MIACHIOETHCS TIEPEXif] 0 HACTYIIHOTO MOMEHTY A =2 ,
MOBTOPHO 3/11HCHIOETHCS TIOCIIIIOBHUIN NIepebip BiTOMHX
3HAUeHb B MOPSIKY 3pPOCTaHHS HOMEpIB CKJIaJOBHUX.
Anroput™m (11) nae He3MilIeHy OLIHKY MaHOyTHIX
3HAYCHb peali3allil, 10 EKCTPAMOIIOETHCA, I B MEXKaxX
JMHIAHUX 3B’s3KiB 3a0e3medye MIHIMyM CepelIHbOTO
KBaJIpaTy TIOXHMOKH EKCTpamosillii, IO IOPiBHIOE
JUCTIepCii:

(rl, ’rk)(l)— Z ZD(Z)[¢(1)(Z)]2,i:k+1,] (12)
A=lv=n;

aroCcTepiOpHOro BUIIAJKOBOTO MPOLIECY:

X}(l”la'-w”k)(l-) — m;l’”l ’""rk)(l')+ z ZV(M(D(/D(Z) ,
A=lv=ny

(13)

TH. i-I1 _Jk+1 npu A <ry,
’ o k= 1 npu A>r.

JUis ckanspHOTO BHIAIKOBOTO mporecy X(t) 3
(9) orpumaemo

X(@0) = mx(l)+z vy (D), i=11

v=1

Ha  miacraBi  Bupazy (14)  anroputm
ONTHMAJIEHOI Y CepeTHbOKBAIPATHYHOMY CEHCI JiHIHHOT
eKCTparnoJIAIii peamizalii BUmaakoBoro mnpomecy X(t) 3a

k BIiZOMHM TIOCIIZOBHMM IIOYaTKOBUM 3HAYEHHSIM
X(p)=x(w), p=Lk, k<I

NPE/ACTAaBICHUM B OJIHIM 3 JIBOX €KBIBaJEHTHUX (hopM
[75]:

(14)

MOKE OyTn

m, (i), u=0,i=k+11;

m{ (i) = {m%D @) + () - mE D l* (15
*0,(0), p=1k, i=k+1I;
m{® (i) = mx<z>+zx(u> P60, k<1, i=11.(16)

YV Bupasi (16) BaroBi (YHKIIi MPU BiIOMHUX
0 —
LEHTPOBAHUX 3HaueHHsAX x(u), p =1,k peanizamii, oo

EKCTPAIIOJIIOETHCS], BH3HAYAIOTHCSA 3aBASKH BUXIIHUM
KOOPJIMHATHUM (DYHKIISIM CITiBBITHOIICHHSIM:

100 - £E V() npu w<k-1;
or (@) npu p=k, k<I,i=k+11

06 = (17)

Takoxk, SIK 1 y BEKTOPHOMY BHIAJIKY, B MEXKax
nmiHiiHOT Mopneni Bupasy (15), (16) mae He3mimeHy
OIliIHKYy  MaWOyTHIX  3HaYeHb  peamizamii, 10
EKCTPAIOIOEThCA 1 3a0e3nedye MiHIMYM CEpeIHbOTrO
KBapaTy NOXUOKH EKCTPAIIOJISILil, IO TOPIBHIOE:

E® ()= MI| Xt/ x(u). =Lk -m )| 1=

i (18)
=2 DEO=DLG), i=k+L1.
v=k+1
e D)((k)(i), i=k+1,1, - JMCTIEPCist
aHOCTepiOpHOFO BI/IHaI[KOBOFO mpouecy:
X060 =B @)+ 3V, (), 1= 11 (19)
v=1
110 BUHUKAE 3 arpiopHOTO 3a YMOBOIO

X(,U) = x(,u), H= 1,k.
BucHoBok

TakuM yMHOM, BpaxoBYIOUH IepeBard MeTona
eKcTparnoJsinii, o 6a3yeTbcs Ha KAHOHIYHOMY PO3KJIai
BUIIaJIKOBOTO Tpolecy (BIICYTHICTh Ha Kilac HPOLECIB
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Ynpaeninusa pozsumrxom cxnaonux cucmem (7)
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