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1 MatemaTnueckue moaeu DLTI cucrem

1. IlpeoOpazoBaHue JUCKPETHBIX CUTHAJIOB JJUHEHHBIMH

cUCTeMaMH
wuln]j yln] 1 1
| H,¥ - neN uln],y[n]eRr
Cuctema, npeobpasyrowas AUCKPETHbIN CUrHaJI
u|n]

1. y[n]=2(u[n])*

2. yln]=2{(uln)* ~[uln—1])
3. yln|=2u|n|+uln-1]1-5y[n—-2]
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[ —0.2|]

e , eciu |n| <12,

LO, eciu |n| >12.

0.,. enttTHE "HT'T-T}"{};;
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MatemaTnueckue moaeu DLTI cucrem

EAVMHUYHBIA UMITYJIbLC

1 eciu n=0,

o|n]=

0, ectu n#0

)
| echu n=k,

0, ecru n#k
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oln—k]j

i Hn{ hk[n]>

o0

hnl=H {8n-k]} —> yln]= Zu[k]hk[n]-

==
Z,
|l
I
——
22
>
=
=
=
|l
=
X,
—
| p—
>
I
P
I._I
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IlocTpoeHue nmocjaeaoBareJJbHOCTH h|n-k]

1) impulse responce h(k)
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2. Maremarnueckue moaeau DLTI cucrem B Bue
PA3HOCTHBIX YPABHEHU M

y=n]} = Vy={Vyn]}
Vyln]=y[n]-yln-1], ne N’

IlepBasi oOpaTHasi KOHe4YHasi PA3HOCTh

F{n, yvlnl, Vy|n], sz[n], o VNy[n]}: 0



-
[7 ] MatemaTnueckue moaeu DLTI cucrem

ba3oBas maremaTunueckasa moaesib DLTI cucremsbl ¢ oiHuM
BXO0J0M U OHHUM BBIX0J10M (SISO)

yinl+ayn—=1]+...4+ayy[ln— N]=byu[n]+bu[n—1]+...+b,,uln—M].

JInHeliHOe HEOTHOPOTHOE PA3HOCTHOE YPABHEHH e

N M
nl==> ay{n—kl+ ) buln-k]
k=1 k=0

6 1.5 v

I S n=2_a
: e ! I |, N =7
0 NI M=

0,
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THUIBI SISO DLTI MOJEJIEN

yinl+ayln—1]+...4+ayy[n— N]=byu[n]+bu[n—1]+...+ b,,uln—M].

Monesanb aBToperpeccuu co cKoJb3sIuM cpeaaum (APCC)
Autoregressive moving average (ARMA) model

yinl+ayln—1]+...4+ayy[n— N]=byul[n].

Mogeanb aBToperpeccuu (AP)
Autoregressive (AR) model

y[n]=byu[n]+bu[n—1]+...+ b,uln—M].

Mogeab ckoab3sauiero cpeanero (CC)
Moving average (MA) model
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IHHUDPPOBBIE ®UJILTPLI

yinl+ayn—-1]+...4+ayy[n— N]=byu[n]+bu[n—1]+...+ b, uln—M].

APCC (ARMA)
AP (AR)
CC (MA)

—_—

— — PEeKypCUBHBbIC HN(PPOBHIE PUILTPHI

— HepeKypCUBHbIC HU(POBbIE PUILTPLI

h[n]

(Bl [ o A,

{h[n] } == {bO . bl seues bM } KHUX (FIR) puasTpsl
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PasHocTHbIe ypaBHeHusst DLTI cucrem B mpocrpaHcTBe
COCTOSTHU M

yinl+ayln—1]+...+ayy[n—N]=byul[n].

0

\— 4y

0

—dy_]

x[n+1]=Ax|[n]+ bu|n],
n]=cx|n]+dul[n].

0

—dyN_p

Mogeas AP
(aBTOpeErpeccus)

c=(-ay —ay,

_a1/

(0)
0

\bo J

—ay_, .. —a)

d

I
>
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3. Z — npooOpas3oBanue (IIpeodpasoBanue Jlopana)

f=In]l} = F=F(2)

Ilpsimoe

F(z)=Z{f|n]} = Z fInlz™" npeodpa3zoBaHue

N=—00

) F(z2)=Z{d[n]} = if}[n]z_" =1-z" =1

{1 eciu n =0,
o[n]=

0, eciu n#0.

N=—00

1] = {1 et 20, pzy=Zgu, Il = Yol =Y (=)’

0, eciu n <0, —

fIn]=Ad"u[n] == F@)=3 Alaz")' =" =



:12: Maremarndeckue moaeu DLTI cucrem
Ne fln] F(z)
1. ol n] 1
2. u,[n] -~
3. Aa’u,[n] Z{ZOL
Alnl, foln] Fi(2), F5(z)
4. o F(2)+0,F5(2) | o filn]+o,frln]
S. f[n —m] Z_mF(Z)
6. Siln]* f5[n] F(z)F,(z)
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OxHoCcTOpOHHEE Z-TIPpe0dPa30OBAHUE

f=In]l} = F=F(2)

F(2)=Zy{fnl}=) flnlz" = > flnlu,[n)z™"
n=0 N=—00

fm N {f[n_m] = F,(z)=Zy{f.[n]}

m >0

F,(z)=z" {F (2) + 2]‘ [p]zp]
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OoOparHoe z-npeodpa3oBaHue

F=F(z) = f={f[nl}=Z"'[F(2)]
=§F(z)zndz
z
Y
n k | n
f[n]=§F(Z)Z?d2=ZReS F(Z)Z?,Zl-




e
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OoOparHoe z-npeodp. AJM APOOHO-PALMOHANBHBIX PYHKUUA

F=F(z) = f={f[nl}=Z"'[F(2)]

F(2)=2 ((ZZ)) A(z)=a, (z—0y)(z—0y).(z— a1, )

Fo=Y 20 2 ro7FE]=Y

- oAd(a)z—q, o

fi 4 {fz [n]} fl[n] — Al.oc;f’ue[n] Ai = Otifz;i)
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PeleHre pa3HOCTHBLIX YPABHEHUI B M300PaKeHUAX

yinl+ayln—1]+...4+ayy[n— N]=byu[n]+bu[n—-1]+...+ b,,uln—M].

by+bz ' +bz” +..+b,z7 "

Y(z)= N

1 ) U(Z)
l+aiz +a,z “+..+ayz

U(z)=Zu[n]} = Y(z)=Z{ylnlf
x[n+1]= Ax[n]+ Bu|n]

X(z)=Z{x[n]} U(z)=Z{u[n]} X(z)=(Ez—A)'BU(2)
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4. Moaeau DLTI cucrem B uzoopakenuesix o Jlopany

y[n]=Cx|n]|+ Du|n].

Y(z)=|C(Ez-A)"'B

X

x[n+1]= Ax[n]+Bu[n], u[n]eE™ y[n]eE"

nle E™

D

U(z)

IHEPEJATOYHASA MATPUILIA

H(z)=C(Ez-A)"'B+D,

y=H(z)u, H(z):=[A,B,C,D]
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r
e

Ilepenarounbie PyHKIUHU HUPPOBHIX (PUILTPOB

yinl+ayln—1]+...+ayy[n— N]=byu[n]+bu[n—-1]+...+ b,u[n—M].

by+bz ' +bz?+.. +b,z "

vUe  y=H(z)u

Y(z)=

l+az ' +a,z % +..+ayz

IHEPEJATOYHASA ®YHKIIUA OUJIBTPA

Y(z) by+bz +bz” +...+by,z "

U(z) l1+az +a,z?+..+a,z"

H(z)=




