MeToabl naeHTudrKauma MoLen obbekTa ynpaBaeHus

npeacrtaBaeHne Moaenn obbekTa

loHuyapos Oner Vropesuy

®DaKynbTeT BbIYNCANTENBHOW MaTeMaTukm 1 KnbepHeTuMKM
MockoBckuii rocygapcTeeHHblii yHusepcutetr nmenn M.B. JlomoHocosa
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Npentudukaymsa cncrem

NpeHTudpnkaums — noayyeHme mMaTeMaTUHeCKOro ONMUCAHUSE UM MOZENN
obbekTa ynpasneHus.

*] MOAeJ’Ib HE ABAAETCA ONUCAaHUEM, @ UMUTUPYET CYLLECTBEHHbIE
CBOIACTBA peanbHOro obbekTa.

@ B 3asucumocTun oT Tnna obbekTa — pasnnyHble METOAbI
naeHTudnkayum (418 NUHERHBIX N HENMHENHBIX, ANCKPETHBIX 1
HenpepbIBHbIX, CTALNOHAPHBIX 1 HECTALMOHAPHbIX).

@ CTpyKkTypHasi ngeHTndmnKaumus — OnpemensieTcss CTPYKTypa MOAENN:
BblAe/ieHNe MOAENMN, BXOAOB, BbIXOAOB, UX B3aMMHOE BAUSHUE.
AHanuTryeckoe COCTaB/IEHNE MOLENU.

@ [lapamerpuyeckas uaeHTUUKALNA — ONPERENSIOTCS 3HAYEHUS
napaMeTpoB MOZENN C U3BECTHOINA
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MeToabl naeHTudmrkaLmmn

@ AxTuneHble (MOXKHO MOAABATHL HA BXOA ODBEKTA TECTOBblE CUMHAbI) 1
MacCusHbIe.

® [leTepMUHMPOBaHHbIE N CTaTUCTMHECKNE (YHNTHIBAIOT HaAn4me
wyma).

@ OnepaTushble (ngeHTudpukaunsi npoxoant “Hanety”’) u
PETPOCNEKTNBHbIE.
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Obwwnii anropuTm NAeHTUUKaLUN

© KoHcTpyuposaHne mogenu:
© [lnaHupoBaHMe 3KCNEPUMEHTA 1 MONYYEHNE JAHHbIX: JaHHbIE ANs
naeHTnpukaynm n sepudukaymm.
© Bunibop mHOoxXecTBa Mogenei.
© Bubibop kpuTepus cornacus.
© Pacuer mogenn: onTuMn3auns 3Ha4YEHNST KPUTEPUST HA MHOXKECTBE
Mogeneli B COOTBETCTBUM NOJYHEHHBIMUN OaHHbIMU.
O MMoaTeepxpaeHune (Bepudpukaunsi) Mogenn: nposepka Mogenn Ha
SKCMNEPUMEHTANbHBIX AAHHbIX.

O6bi14HO gns BepudmKaym OCTaBASIOT NpuMepHO 1/3 AaHHbIX, NONYYEHHbIX Npu
3KCNEPUMEHTE.

Ecnun pesynbTat Bepudpmkaymm HeyaOBNETBOPUTENBHbIE — BO3BPAT K Hadany.
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Mopenb naeHTUnLMpyemMoro obbekTa

+oo
y(t) = /0 ge(r)u(t — 7) dr

[uckpetHoe Bpemsi t, = kT, T — BbibopoYHbIii nHTEpBanN:

u(t) = uk, npu kT <t < (k+1)T,
> def [TFT
AT =Y eliTlul(l = D TL e 60 [ gelr)ar
Beogum onepatop onepexenus Eu(t) = u(t+ T),
y[IT] = (Zg[kT]E_k) ulIT],
k=1
ylIT] = G(E)u[IT], rae G(E) & Z [KT]EX.

5/18



Mopenb naeHTUnLMpyemMoro obbekTa

ylIT] = G(E)u[IT], rae G(E) & Z [KT]E*.
Mepexoaum k Z-n30bpa>keHusim:
Y(z) = G(2)U(z), rae G(z) & S glkTIz
k=1

ObbekT HasbiBaeTCs yCTON4MBbLIM (CTPOro yCTORHMBLIM), €cnun

Zg[kT] < 00 (Zkg[kT] <oo> .
k=1 k=1
V1BepxaeHune

Ecnn nepegatoqnas ¢pynkuymns G(z) gpobHo-paymonansHas u
aCUMNTOTUYECKN YCTONYMBA, TO OOBEKT CTPOro YCToN4uB.
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Mopenb nomexu

y[IT] = G(E)u[IT] + v[IT],

rae v[/T] — nowmexa.
o Lllym HabntopeHuns. [aTHnKn-u3amepnTenn CUrHanoB NOABEPIKEHbI
BAUSIHWIO WyMa 1 gpeiida.
@ HekoHTponupyembie Bxoasl. B cncreme ectb He namepsiemble BXOgHbIE

CUTHabI.
e}

vITI = hlkTle[(I = K)T],

k=0
rae e[kT] — Benbiii wym, T.e. NOCNEROBATENBHOCTD CAYHANHbIX BEINYMH:
@ B3aMMHO HE3aBUCUMBbIX,
@ MMELWNX OANHAKOBOE pacnpeaesieHune.
|Y[IT] = G(E)u[IT] + H(E)e[IT]. |
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[NpeacTaBneHns o caydaliHbix npoueccax

o Cnyualinbiii npouecc s(-) — nocnegosatensHocTs C.B. S(t),
t=1,2,...

@ MaTtematuyeckoe oxuganue: ms(t) = E s(t).

o [ucnepcus: E(s(t) — ms(t))>.

@ KosapuaunoHHble dyHKLMN:
Ri(tr, ) & Es(t)s(t2), Rus(ti, ) & E w(t1)s(t).

YnpaxHeHue: yctb
oo

v(t) = h(t)e(t — k),

k=0

rae e(t) — Genbiii wym, ¢ pacnpegenennem N(0, \), nokaszatb
m,(t) = Ev(t) =0,

R(t,t—7) = )\i h(k)h(k — 7) = R, (7).
k=0
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CnekTp ciy4YaiiHbIx NpoLLEeccoB

o CraymoHapHsblii cnyyaiiHbiii npouecc s(t):

O Es(t) = ms = const,

Q Ri(t,t—1) = Rs(7).
@ KgasucTayuoHapHblii cayyalinblii npouecc s(t):

Q Es(t) = my(1), [ms(t)| < C, )

Q |Rs(t,t —7)] < C, limyssoo 5 >oroq Rs(t, t —7) = Rs(7).
@ CnekTp curHana n B3aUMHbIA CAEKTP CUTHANOB:

()= D Rilr)e 7, 0u(w) = D Ra(r)e 7,

T=—00 T=—00

rae curnanst s(t) n w(s) KBa3MCTaLMOHAPHbIE.
YnpaxHenue: Myctb v(t) = H(E)e(t), e(t) — benbiin wym ¢ gucnepcueii A,
pokaszate ®,(w) = AH(jw)|?.
Teopema

Mycts v(t) = H(E)e(t), H(E) — ycroiiuus, e(t) — ksazncraymorapHbii,
Torga ®,(w) = |H(e/*)?Pe(w), Pre(w) = H(e/¥)De(w).
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[Nepunogorpamma

Paccmotpum curnan s[/T] na otpeske [ =1, N.
Mepuogorpamma: AN® ot s[/T] va =1, N

N
S(w) = ﬁ S s[kTe 4T
k=1

onpepeneHa gns 4acTtoT w = % rae k=1, N.

Teopema
Mycts y[IT] = G(E)u[IT], G(E) — ctporo ycroiiunsa,
Toraa

ulIT]| < G,

Ya(w) = G(e*)Un(w) + R(w), rae |Ru(w)| < 2C, - %

npuyem, ecan curtan umeet nepnog NT, o Ry(w) = 0.
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Dproamyeckme CBONCTBa

Cesi3b MeXAy XapakTepucTUKaMu C.M. U UX peannsaunei

Myctb y(t), u(t) — kBa3nCTaumoHapHbie C.M.,
yN(t), uN(t) — wx peanuzauun Ha otpeske t = 1, N.

[Npn onpepeneHHbIX yCn0BUSIX:

@ B uactoTHoli obnactn
E|Yn(w)|* cnabo cxomutcs k &, (w)t.

o Bo BpemeHHoii obnactu

RN(r) = ! Z u(t)u(t — 7) cxogures k Ry(7),

. 1Y
Ryu(T) = Zy(t)u(t — 7) cxoputest K Ry, (7).

oTHOCMTENBHO MHOXECTBO TECTOBbIX byHKLMIA C OrpaHNHeHHON CyMMOIii

koabpuumneHTos Pypoe.
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lcnonb3oBaHue mopenn obbekTa

MonyyeHHas mogens obbekTa (npouecca) MoxeT bbITb MCNONB30BaHA AJist
pelleHns caepyowmnx 3a4ay:

@ MogenupoBaHue:
no 3agaHHomy Bxogy u*[/T]
MOCTPOUTL OLIEHKY Bbixoga obwbekta y*[/T].

o [IporHosnpoBaHue:
no ucropuu 3Hauvennii soixoga y[/T] u Bxoga u[/T], | = —o0o,t
nocTpoutb oueHky Bbixoga y[(t + 1) T].
@ CuHTe3s perynsiTopos:
o MocTpoenne oueHkn G(e) ans MCnonb3oBaHNA KNACCUYECKUX
HYaCTOTHbIX METOAOB.
o VYnpaenexne no muxumymy gucnepcun: E y(t)? — min.
o Popmuposatue cnektpa wyma: y = R(E)e.
o CuHTe3s no >xenaemoii nepefatoqHol pyHKLMN.
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[NpeackasaTens wyma

Heobxogumo obpauyeHune mogenu wyma:

o0

v(t) = H(E)e(t) = Y _ h[kT]e[(! = k) T],

k=0
rae H(E) yctoiiunsa u h(0) = 1.
Teopema
Mycrs H(z) = > 232, h(k)z —k 1/H(z) aHannTnyHa B |z| > 1,

Torga H(E)~ L — Zzooh( )E )
rae h(k) B3sTbi u3 pasnoxenus 1/H(z) =>22 0 h(k)z=k.

Vcnosune 0bpaTUMOCT — OTCYTCTBUE HEYCTOMYMBbLIX HYJEN.
= e(t) + Z ChIKT]el(1 = k) T] = e(t) + (H(E) — 1)e(t),
V(tlt—1) = (1= HE) ™ v(t) = D> h(k)v(t - k),

3Haem pacnpegenenune v(t) = 3Haem QOBEPUTENbHbLIA UHTEPBAN.
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Obwuii BUA 0AHOLIArOBOro NpefcKa3aTess

Crpoum npepackasaTenb anst obbekTa:

ylITI =Y glkTlul(/ — k) T]+ > h[kTle[(/ — k) T] nan
k=1 k=0
y(t) = G(E)u(t) + H(E)e(t),

rae H(E), G(E) ycroiiumebl, h(0) = 1, u(t) — nssecthbiii Bxoa, e(t) —
benbiii wym ¢ momentamu (0, A).

lNpepckasaTens:
o(tlt —1) = (1 = H(E) 1)(v(t) — G(E)u(t)),
§(tlt— 1) = H(E) ™ G(E)u(t) + (1 — H(E) ™M)y(2)

H(E)y(tlt — 1) = G(E)u(t) + (H(E) — L)y (t).
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BepOﬂTHOCTHbE MOLENIN N NpeacKa3aTeNn

@ BosmoxHo ABa PaBHOMPABHbLIX ONUCAaHNA CUCTEMDbI:
9 BEPOATHOCTHAA MOAENb

y(t) = G(E)u(t) + H(E)e(t),

3agaHbl dunbtpel G(E), H(E) n pacnpegenenue fo (unu MOMEHTBI

e(t))-

@ npepckasaTenb
§(tlt = 1) = H(E) ' G(E)u(t) + [1 — H(E) Iy (¢).

3agaHbl punbtpel G(E), H(E).
Cneayet BbibupaTe bonee ynobHyto.
@ MHorowarosble npegckasaTeni.
@ Ecnu He yumTbIBaTh LWYM, TO NOAYHAOTCS CEMENCTBA NpefcKasaTesneil.

® VnpaBieHus CTpOUTCS C UCMOJAb30BaHNE OLHO U3 POpPM ONMCaHUs
CNCTEMBI.
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Jlunelinbie perpeccun

ARX-mogens

A(E)y(t) = B(E)u(t) + e(t),
rae A(E)=1+aE Y +---+a,E", B(E)=bg+ -+ bpE~™ —

bUNbTPbI C KOHEYHON UMNYNLCHON XapakTepucTukoid, e(t) — benbili wym.

O6osHauum 0 = [a1,a, ... an, b1, ... b,]T — sekTop napameTpos mMozenu.

MpeackasaTens:
y(10) = B(E)u(t) +[1 = A(E)ly(t) = *(T)9,
rae o(t) = [~y(t = 1), —y(t —n),u(t = 1),... u(t — m)]" —

perpecCuoHHbIA BEKTOP.
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[lceBponuHeiinas perpeccus

ARMAX-mogens

A(E)y(t) = B(E)u(t) + C(E)e(t),
rae C(E) =1+ E 1+ -+ cE™"

ObosHauum 0 = [a1, a2, ... an, bo, ... by, c1,...ck]T — sekTop napamerpos
Mogenn.

MpeackasaTesns:
§(t16) = B(E)u(t)+[1—A(E)]y(t)+[C(E)~1][y(t) ~9(t[6)] = ¢ (¢.6)6,

rae o(t) = [~y(t —1),...u(t —1),...u(t —m),e(t —1),...e(t — k)]T —
perpeccnontblii Bektop (£(t) = y(t) — y(t|0) — ownbka npeackaszanuns).
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|\/|op,en|/| TNa HYEPHOro AuWKnKa N Moaesin Ha OCHOBE

bnsmnyeckoro npeacrasneHuns

@ Mogenu Tnna 4epHOro sLMKa: 3afaHa CTPYKTypa MOZenu,
KO3(PDULNEHTBI HEWM3BECTHBLI 11 HE UMEIOT (PU3NYECKOTO CMbICAA.
Mpumepsbl: FIR, ARX, ARMAX, ARMA n T.n.

) MOAEJ’IVI OCHOBaHHbIE Ha d)VI3I/I‘-IeCKVIX MOAENAX: aNATOPUTM NOCTPOEHUA

@ [MMocTpoeHne HenpepbIBHOWA Mogenn No hU3NYECKNM 3aKOHAM.

@ [uckpetusayus.
© [peackaszatens: CTPYKTypa aHANOrM4Ha HYEPHOMY SALINKY, HO
NapaMeTpoB MOXET BbiITb MEHbLLIE 1 OHUM UMEOT PU3NHECKNIA CMBICA.

Mognenun B npoCcTpaHCTBE COCTOSIHUS: MO3BOJSAIOT BOCCTaHABAMNBATL
coctosiHne. Punbtp KasimaHa OTHOCUTCA K TakOMY Tuly CUCTEM.
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