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Cuctemn ¢ KUX n bUX
X(t) = X, (t) = X, (nTs) = x, (n) = x(n)

NnocTpupaHe Ha apXUTeKTypwu
6a3smpaHn Ha pas3IM4YHM BapUaHTK Ha
andepeHYHNnTEe ypaBHEHUS
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OuckpeTHM BbB BpeMeTO CUrHaJiu U CUCTeMHU

3a peanHuTe CUrHaaum, KOMTo ca orpaHMyeHun no amnanTyaa
(n 3aTnxBalmn), e B cmna:

» KpaiiHa aMnauTyaa \x(n) | <A, 3a n e %o,

N=+o00

m KpaiiHa eHeprus Z ‘X(n)‘2 <A
N=—o0
_ n=+N
m KpaliHa MOLHOCT I!I|LTJO N 1.4 Z ‘ x(n)‘
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" J
Kay3asiHun curHanm

m Pegnuarta x(n), ce Hapuya Kay3anHa korato3an <0, x(n) =0

A

x(n)

n

Kay3anHute cuctemmn ca ousnyecku peannsyemm B pearnHo Bpeme
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" JEE 0
YeTHM n HeYeTHM peanum

x(n) x(n) ¢

® ’ ®

ol
N lll N

L
Ako X(-n) = x(n), Korato X(-n) = -X(n),
4YeTHa peanya, xe(n) HeuetHa peaunua, X,(N)
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" J
PasnaraHe Ha YeTHU U HEUYETHM KOMHOHGHTM@

X(N) = Xe(N) + Xo(N),

Bceku curHan X(N) Moxe Oa ce npeactaBy Kato CymMa OT YETHU U HEYETHY
KOMMOHEHTM

x,(n) = %{x(n)+x(—n)};

X,(n) = %{x(n)—x(—n)}-
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" A
NMpeobpa3zyBaHna Ha He3aBUCUMaTa
npoMeHJInBa

OrnepanHa peavua

A A

| X(n) x(-n)

e hTr”,;, _H*rT” eenrrees

OrnepganHaTta peavua x(-n), e orneganHo cMMeTpuyHa Ha x(n)
cnpamo n=0

npod. T. NaH4eB, LIOC - JleteH cemecTbp 2023/2024 7



" A
NMpeobpa3zyBaHna Ha He3aBUCUMaTa
npoMeHJInBa

m MawabupaHe BbLB BPEMETO

YUpe3 3aMsaHa Ha He3aBucuMmaTta npomeHnmea N c al,

KbAeTo d € Uus/Jio 4Yucio, HMe nosyyaBaMe paspeneHa

(peummupaHa, down-sampled) Bepcuss Ha oOpurnMHanHarta
peanua. Ta3nm onepauusi CbOTBETCTBA Ha HaMasnsBaHe Ha

yectoTaTa Ha AuckpetTusaums go T, /a.
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" A
NMpeobpa3zyBaHna Ha He3aBUCUMaTa
npoMeHJInBa

m /I3MecTBaHe BbB BpPeEMETO

A A

x(n) | X(n-k)
! !

eeeen hr% eededd ”Tr%

Peamuata X(n-k) e npemecteHa Ha K oTyeTta HaAsicCHO, CrpsiMO
opurnHanHata peauua X(n).
Peanuata X(n-K) ce Hapuya 3akbcHsNa Bepcusa Ha peauuata X(n).
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"
NMpeobpa3zyBaHna Ha He3aBUCUMaTa
npoMeHJInBa

m [lepnoanyHOCT Ha peanuuTe
Ako peauuata X(n) e nepnoamyHa c nepuoa N, T e cbLlo
nepunoanyHa c nepuon PN, kboeTto P e NpoM3BOSHO USA0 YMCIIO.

Han-MankoTo us10 4ncio Ha nepuoanyHoct, N, ce Hapwuua
OCHOBEH Nepuoj Ha peauvuaTa.

Heka fa AonyCHEM CblUeCTBYBaHETO Ha peauuaTta Xy (), koato
cbBnaga c peavuata X(n) 3a N Ha 6poit oTueTa 3a

nocnefoBaTesHU CTOMHOCTU Ha N, T.e Xy (I) = X(n) 3a r = <N>.
ToraBa Tasu nepuoanyHa peauua Moxe Aa 6bae 03HauyeHa CbC

CTOMHOCTUTE CU 3@ eauH nepuog Xy (r)

x(n) = ZXN (r —mN)

kbaeTo: I = <N>,n= (r-mN).
(M3BbH uHTepBana N, peguuata X (I) e paBHa Ha Hyna)
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" J
Onepauuu c peanum

s Cbbupane z(n) = x(n)+y(n)

m YMHoxeHue z(n) =x(n) y(n); z(n) = a x(n).

m CyMa Ha peauua noteo n
/S = > x(n) Sy = Y .x(n)
N=—o0 N=—o0
4ynucrno peavua

e Pasnnka Ha peanum
-- Bwaxogsiwa pasnuka ot 1su peg VX(N) = x(n) — x(n —1)
-- Bb3xogsla pa3/imka ot 2pu pea
VZx(n) = Vx(n) —Vx(n—1) =
= X(N)—2x(h—-1)+ x(h—2)

-- Husxoaswa pasivka ot 18un pea AX(n) = x(n—1) — x(n)

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 11



" JE
TUNoBMu peanum

EavHuuen nmnync o(n) :
o(N)=1,3a n=0;
o(N) =0,3a n#0.

o(n) o(n-k)
|
— 00— 000000—> ——0—0—0—0-00-9 @ >
4 K n
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" J
TUNoBu peanun

+o0
s [uckpetusvpawa (umMnyncHa) peamua S(N) = Zé(n — k)
k=—c0
A

s(n)

>

n

Mpoueca Ha ANCKPETM3auns Ha HenpekbcHaTus curHan X(t) moxe aa
ce aeduHUpa KaTo YMHOXEHME C AuckpeTnsupauwarta peanua s(nTs):

X(nTs) = x(t) s(nTs)

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 13



" J
TUNoBu peanun

m EanHMueH ckok (eanHuyHo ctbnano) u(n):
uin)=1, 3a n=>0
uin)=0, 3a n<0

u(n)

A

-0 00— 0—0—0—0—0—0—0—0 >

[TponsBeneHNETo Mexay Npou3BoJiHa peauua X(N) u
eIMHMYHOTO cTbnano u(n) e kaysanHa peauua.
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" A
CBOMCTBa HAa eAUHUYHUA UMNYIJIC U
€AWHNYHOTO CTbNaJo

m OUATpPUPALLO CBOMCTBO Ha €AUHUYHUSA UMNYIIC:
x(n) 6(n) => [...0,0,0,0,x(0),0,0,0,0,0,0...]
x(n) 6(n-k) => [...0,0,0,0,0,0,0,x(k),0,0,0...]

m EAVMHWYHMAT MMOysiC MOXe Aa ce NpeacTtaBu KaTo NbpBa
pa3/inka oT EAUNHUYHOTO CTbl1aJ10.

o(n) = u(n) — u(n-1)
m EAVHNYHMAT CKOK MOXe Aa ce npeacrtaBu KaTo cymMa oT
peanuata Ha eanNHNYHNA MMI'IYJ'Ic:

un) = 3 5(m)

M=—00

(m=n-k)

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 15



" J
KoMnnekcHa eKCnoHeHUuMasiHa peavu

m KomMnnekcHaTa ekcnoHeHumanHa peavua ce geduHupa KaTo
x(n)=ca",
kbaeto C M ad ca KOMMJEeKCHU 4yncna.

m VIHTepeceH yacTeH cnyyame C=1un a=-¢ JQ, KaToO B TO3MU
cfly4an ce nosiyyasa:

— a]Qn
X(n) =eltn
KbAeTo 2 e HopManum3upaHaTa brjioBa 4YecToTa.

m CbrnacHo ¢popmynata Ha Ounep (Euler), koMmnnekcHaTa
eKCrnoHeHUManHa peamua Moxe aa ce npeacraBu C peasiHa U
MMarmHepHa KOMMOHEHTa KaTo:

X(n) = cos(£2n) + J sin(€2n)

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 16



" A
CpaBHeHMe Ha CBOMUCTBaTa Ha
KOMIMJIEKCHUTE eKCNoOHEeHLUMaJIHU peavu
HenpeKbCHAaTUTE KOMIJIEKCHU €KCNMOHEHTH

Ceoucteo 1

m [Ipy KOMNJIEKCHN eKCNOHEeHUManHN peanum KpbroBata 4YecTtoTa ce
O3Ha4yaBa C 2, AoKaTo MNP HEMNPEKBbCHATNTE KOMIMTEKCHU EKCIMOHEHTU
ce€ O3Ha4aBa C w.

m Pa3MepHocTTa Ha ® e [rad/s], nokaTo brnosaTta 4yectoTa Q e
HOpManun3anpaHa n ce naMepsa B [rad], T.e. BpemeTo He NpUCbCTBa B
siBE€H BUA,.

m [lpoueca Ha AuCKpeTm3aumnsa Ha HenpekKkbCHaTa KOMMJIeEKCHA
eKCMoHeHTa, T.e NPpeMMHABAHETOo OT bI/lIoBa YeCcToTa @ KbM
HOpManun3npaHa 4yecTtorta Q2 e

eja)t N eja)nTS _ ean

KbAeTo cMe nonoxmnm ® 1S = Q.

s Crep 3aMecTBaHeTO Ha br/loBaTa YecToTa w C YecToTaTa Ha TpenTeHe
f nonyuasame:

Q=wTs=2nf/fs.

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 17



" A
CpaBHeHMe Ha CBOMCTBAaTa Ha
KOMIUJIEKCHUTE eKCNOHEeHUMaNHN peavu

HENnpeKnoCHaTUuTE KOMMNJJMEKCHN EKCNMOHEHTMU

CBoncTtBo 2
3a KOMMJ/IEKCHA eKCMNOHEeHTa C YyecToTa 2+2n MOXEeM Aa 3anuwiem
ej(Q-i-kZT[)n — ean ejk2ﬂ: — ean

Ha ToBa OCHOBaHME MOXEM Aa TBbPAMM Ye BCSKa KOMMNEKCHAa
eKCMoHeHUManHa peamua e nepmoanyHa ¢ HopMmaamsnpaHa
BbrNoBa YeCcToTa U CbAbpXXa BCUYKUTE CU YECTOTHU KOMMOHEHTU B
obxBaTa 2n.

N3BbH TO3M MHTEpPBaN Te ce NOBTAPAT C Nepuoa 2n u
CNefoBaTe/IHO € AO0CTAaTb4HO Aa OTYMTaMe CTOMHOCTUTE Ha
eKCrnoHeHTaTa caMo B eAnH nepuoa ot 2n. Han-yecTo e
pasrnexaame MHTepBannTe

Q=1[-n,+n] wam Q = [0, 2m].

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 18



" A
CpaBHeHMe Ha CBOMCTBAaTa Ha
KOMIUJIEKCHUTE eKCNOHEeHUMaNHN peavu
HenpeKbCHATUTE KOMIJIEKCHU €KCNMOHEHTH

m Bpb3ka Mexay yectoTaTa Ha konebaHue T yecto

N3MOJI1I3BAdHA 3ad XapPaKTEPU3IUPAHETO HA HEMNPEKBCHATH

CUrHaJim " HopMasinampaHatTa blrjioBa 4HeCTOTa Q2 n3non3eaHa
B EKCNOHEHUMAJIHNTE peann.
4

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 19



" A
CpaBHeHMe Ha CBOMCTBAaTa Ha
KOMIUJIEKCHUTE eKCNOHEeHUMaNHN peavu

HENnpeKnoCHaTUuTE KOMMNJJMEKCHN EKCNMOHEHTMU

CBovictBo 3

HenpekbcHaTa KoMnekcHa ekcnoHeHTa €/°! e nepuognuHa BLB
BPEMETO 3a BCSAAKA CTOMHOCT Ha bIr/ioBaTa YecToTa W.

[IncKpeTHaTa ekcrnoHeHumanHa pearua €4 e nepuoamnuna c

nepuoa N (cnpsamo HesaBucMMaTa NpoMeHsMBa N) camo npwu
onpeaeneHn cboTHoLWEeHU Mexay Q u N.

N penctButenHo, 3a aa 6vae €' nepuogunyHa, TpsbBa Oa € B
cuna:
ej.Q(n+N) — ean ejQN — ean.

ToBa e BApHO caMo ako 2N = k2m, KbaeTo k e usJjio 4Ynucno.

AKO TOBa U3NCKBaHe He € U3MbJIHEHO, ANCKPEeTM3aLUmnsaTa Ha
nepuoanYHUA HeNpeKbCcHaT curHan et 6u goseno Ao

HenepuoanyHa peaunua X(n).
npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 20
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"
CpaBHeHMe Ha CBOMUCTBATa Ha ﬁ
ny

KOMMNMNEKCHNTE eKCnoHeHUunaJiHn peaj
HEeNnpeKnoCHaTUuTéE KOMMNJJMEKCHN EKCNMOHEHTMU

M. B a4 b df i
L
iﬁif%“ T Jﬁjﬁjﬁ%

I,

*(n)=cos(7mn/4) x(n)=cos(15mn/a) *(n=cos(Znn)
IHPUWY. 1. 1 dHYEB, UL - JICIEH CEMEUI bY LULI/LULSG




" A
CpaBHeHMe Ha CBOMCTBaTa Ha
KOMIMJIEKCHUTE eKCNOHEeHLUMaJIHu peavu
HenpeKbCHATUTE KOMIJIEKCHU €KCNMOHEHTH

CBovcTBoO 4.

BcAka HenpekbCcHaTa KOMMIEKCHa E€KCMOHEHTa C YeCcToTa My
nMma 6e36pot XxapMOHNYHO CBbP3aHMN EKCMOHEHTU C YECTOTHU
kKo,, kbaeto K e uano umcno.

BposAAT Ha XapMOHUYHO CBbP3aHUTE AUCKPETHU KOMIMIEKCHMU

eKCMnoHeHUuManHn peamumn, Komto ca nepmoanyHuy Cc nepumoa
N, e KpaeH 1 e paBeH Ha M.

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 22
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Cbrabp>aHue Ha Tema #2

m TunoeBe UMPPOBUN CUCTEMU

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 23



" J
OedpvHmuma Ha umdppoBa cucrema

m EaHa umdpoBa cucteMa Moxe ga 6vae neduHmnpaHa
nocpeacTBOM ornepaTtopa Ha npeobpa3oBaHueTo P[...]

y(n) = Px(n)]

X(n) y(n)=P[x(n)]
»  P[..] >

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 24



" J
CTaTU4HM M AUHAMWNYHN CUCTEMMU

s CTaTM4HM nnn cuctemm 6e3 nameT: ako U3xoaHUaT curHan y(n)
B NPON3BOSIEH MOMEHT OT BPEMETO N 3aBUCK CaMO OT BXOAHMUS
curHan X(N) B TO31M MOMEHT.

y(n) = Ax(n).

s [AMHaAMNUHMU LUMDPOBU CUCTEMU USIN CUCTEMU C MAMET: aKo
U3XoAHUAT curHan Y(N) B Npou3BOSIEH MOMEHT OT BPEMETO N

3aBUCU HE CaMO OT BXOAHMUSA curHan X(N) B CbLUNA MOMEHT OT

BpEMETO HO CbWO N OT BXOAHUA n/Vnn N3XoaHUsS CUrHan B
npeanwiHn MOMEHTUN OT BPEMETO.

y(n) = > bx(n-k)- 2 ay(n-k)
k=0 k=1

y(n) =2 bx(n-k)
k=0

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 25



O6paTtuMun n HeobpaTnmMmm undppoBmu cuctemm

EaoHa umdpoBa cucrema
y(n) = P[x(n)]

e obpaTMMa aKo CbLLEeCTBYBa eAnHCTBEH obpaTeH onepaTtop P,
3a KOUTO

x(n) = PAy(n)]

[lpaBa cuctema ObpaTHa cuctema
x(n) y(n) X(n)

»  P[.] o P >

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 26



" J
NMpumepn 3a obpatnma n HeobpaTnMma
undpoBa cucrema
m [IpuMep 3a obpaTnma cucrema e:

y(n) = 2x(n)

N CbOTBEeTHaTa obpaTHa cuctema e:

x(n) = 0.5y(n).

m [/IBa npuMepa 3a HeobpaTUMN LUPPOBU CUCTEMMN:
y(n) =0
y(n) = x*(n)

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 27
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Kay3asiHa n Hekay3aJiHa CUCTEeMMU

m Kay3anHa cucrema: ako nsxoaHusat curHan y(n) B NponsBosieH
MOMEHT N 3aBUCK OT NMPEeaUnLLHN U CeralHn CTOMHOCTM Ha BXOAHMUS U
N3XOAHUS CUTHANN, HO HE 3aBMCK OT 6baelm CTOMHOCTM Ha BXOAHMUS

y(n) = A x(n)

y(n) =2 bx(n-k)-> ay(n-k)
k=0 k=1

y(n)= 2 bx(n-k)
k=0

» Hekay3anHa cucrema:

y(n) = x(n) — x(n+1).

npod. T. FaH4eB, LLOC - JleteH cemecTbp 2023/2024 28



" A
MHBapaHTHU U HEMHBApPMAHTHM
BbB BpEMETO CUCTEMM

m EaHa undpoBa cuctema € MHBapMaHTHA BbB BPEMETO ako

onepaTtopa Ha npeobpasyBaHeTto U P He 3aBucu oT BpeMeTo N,
T.€. peakuMsATa Ha cucTemMaTa He 3aBMCU OT MOMEHTA Ha
noAaBaHe Ha BXOAHWUSA CUTHAN, @ 3aBUCKU CaMO OT CTOMHOCTUTE

My. AKO 3a npousBosiHa peauua X(n) e B cuna:
y(n) = P[x(n)]
y(n-k) = P[x(n-k)]

TO cMcTeMaTa npeacraBeHa oT onepatopa P e MHBapuaHTHa.

NHBapMaHTHUTE BbB BPEMETO CUCTEMU Ce HAapUYaT CbLLO CUCTEMU
C NOCTOAHHMN KOE(bMLI,MGHTM nin CtTaulMoHapHU CUCTEMMN.

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 29



"
MHBapMaHTHUN U HEMHBAPUAHTHU BbB
BPEMEeTO CUCTEMM

= HeuvHBapuaHTHM cucteMm: nNpm KOUTO onepatopa Ha
npeobpasyBaHeTO 3aBUCKU OT BpeMeTo N.

y(n) = nx(n)

LindbpoBute cnctemn mMorat ga 6baat nporpammpaHm Taka ye
aBTOMATUYHO [a Ce aAanTUpPaT KbM U3MEHSALWMNTE CE YCNOBUS,
NnocpeACcTBOM IOHACTPOMKa Ha NapaMeTpuTe Ha aropuTbMa, C
Len noaabpXXaHe Ha onTUManeH pexuMm Ha paboTa. ToBa ce ABSBaA
OrpOMHO NPeaAuMMCTBO Mpe aHaIoroBUTE CUCTEMMU.

npod. T. NaH4eB, LIOC - JleteH cemecTbp 2023/2024 30
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JIMHeMHU U HeJIMHeNHn cncTteMmm

s JINHeinHKn: ako onepaTopbT P He 3aBUCK OT CTOMHOCTTA Ha
BXOAHMSA cUrHan (Uan oT U3XOAHWUS CUrHa) Ha cucTemaTa

3a JIMHENHNTE CUCTEMU € BaNnAeH NpuHUMNa Ha cynepno3numnsaTa
(aANTUBHOCT), T.€ aKo:

y1(n) = P[x;(n)] »n y,(n) = P[x,(n)],

y(n) = yi(n) +¥,(n) = P[x;(n) + X,(n)].

T.€ peakKundTa Ha CMCTeéMaTa KbM BXOAEH CUTHAJI KOWUTO ce s1BSsIBa
TErNMoBHA CyMa OT CUITHAJZIM € paBHA HAa CbOTBETHATA TEIrJ/1I0OBHA
CyMa OT peakKumnmte Ha CMCteMaTta KbM BCEKUN OT
NMHONBMNAyaJIHUTE BXOAHU CUTHAJIN.

P [Z a, % (N)]= Zak P[x,(n)]
K K

kbAeTo a, u b, ca TernoBHu KoeduUMEHTH.

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 31
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CBOMCTBaA HaA JIMHEMHuTe cucrtemMm

m XOMOreHHOCT: /I3MeHeHneTo Ha CTOMHOCTTa Ha BXOAHUS
CUrHan npeamssmnKBa CBbp3aHO USMEHEHUE HA CTOMHOCTUTE Ha
N3XO0OHNA CUTHAJT B CblWAaTa CTENEH.

s CTaTUyHa NMHEMHOCT: BXOAHO-n3xoaHaTa (T.e npoxoaHaTa)
XapaKTepucTukKa Ha JIMHENHA CMCTEMA 3a CTaTU4YeH BXOAEH
curHan (KOHCTaHTa) e npasa JIMHUS NpeMMHaBalla npes
Ha4yaJIoTO Ha paBHMHATa X-y. ToBa O3Ha4yaBa 4Ye U3XOAHUS
CurHan e mawabupaHa Bepcus Ha BXOAHUSA cuUrHan: y = kx,
KbAETO K € KOHCTaHTa.

s CMHycoumpaanHa MAEHTUYHOCT: NPpU CUHYCOMAaNEH BXOAEH
CUTrHan C AaJleHa YecToTa, U3XOAHUS CUFHan e Cblo
CUHYCOMAaNeH CbC CblliaTa YyectoTa. AKO cMcTeMaTa € CTaTU4UHa,
N3XOAHUA CUFHAN MMa cblWaTta ¢al3a c BXOAHUSA CcUrHan, a
aMNInTyaaTa e MmawabupaHa KaTto y = kx.

npod. T. FaHueB, LLOC - JleteH cemecTbp 2023/2024 32



NeTepMMHUPAHUN U CTOXACTUYHU CUCTE

m [leTepMUHUpPaAHaA CUCTEMA: CUCTEMa KOATO reHepunpa eguH
N Cbll N3XOAEH CUrHas Npu BCSAKO nogaBaHe Ha onpenesnex
BXoAeH curHan. (EneMeHT Ha cny4yamHoOCT He ce Habnwgasa)

m CtoxacTuyHa cucTemMa: CbabpXKa ornpeneneH efieMeHT Ha
C/TY4YaWHOCT WM NMPOMEHSIMBO NoBeAeHME nopaan KOeTo
cucTeMaTa He reHepupa efHa M cblla n3xoaHa CTOMHOCT
Npy BCAKO NogaBaHe Ha onpeneneHo BXo4AHO Bb34AeNCTBMe.

npod. T. NaH4eB, LIOC - JleteH cemecTbp 2023/2024 33



" A
YCTOMYMNBUN N HEYCTOMUYUBU CUCTEMM

m EnHa cuctema e yctorumBa ako nNpu NMPOU3BOJTHU HavalHM
YCNOBUSA N OFPAHUYEH NO aMNANTYyAa BXOAEH CUIHAN, U3XOAHUS

CUrHaa Ha cucTteMaTa Cblo e C KpalHa CTOMHOCT. Ta3un
nednHuumMa Ha ctTabunHocCT ce Hapuya “bounded input, bounded

output (BIBO)”.
3a npuMep pasrnexgame yctTonymBocTTa Ha UndpoBus cymaTop:

y(n) = > x(k)
k=0

-- 3@ BXOA4EeH curHan c amnantyga 0 naxogHuaT cmrHan couwo e 0.

-- AKO noJajeM Ha BXoda eANHUYEH UMNYIIC, HA U3X0ObT
nosyyaBaMe eaANHUYHO CTbNaso.
-- AKO nogageM Ha BxoAda eanHn4YHo ctbnanso x(n) = u(n), Ha

N3Xoda we nojiyymm.

y(n) = S u(k) = (n + Du(n)
k=0
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"
Cbrabp>aHue Ha Tema #2

m VIMNyNnCcHa XapakTepuctmka U cyMa Ha
KOHBoOJIlOUMATa 3a umnpposa AJIMB cncrtema
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" J
MMNyJiCHa XapaKTepucTukKa M cyMa
Ha KOHBoJMOLUuATa Ha AAJINB cuctema

s M3xoaHuaT curHan, h(n), Ha undposa cuctema, NnonyyeH Npu

NoJlaBaHETO Ha BX0oAa Ha eanHuueH umnync o(n) no
onpenaenieHne ce Hapuia UMMNyJiCHa XapakKTepUCTMKa Ha

h(n) = P[d(n)]

3a AJINB cuctema no gedunHUUNS e BarimaHo 4ve

h(n-k) = P[o(n-k)]
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" J
MMNyJiCHa XapaKTepucTukKa M cyMa
Ha KOHBoJMOLUuATa Ha AAJINB cuctema

m B obwmnart cnyyan Heka Aa pasrnename curHana x(n) KaTo
+00
x(n)= > x(k)s(n—k)
k=—0

M Oa NPUNOXUM NIUHENHWS onepaTtop P KbM ABeTe CTpaHu Ha
paBeHcTBOTO 3a X(N)

y(n) = P[x(n)]= P[ ZOO: X(k)o(n—k)]

k=—00

[punoMHANKKN cn ceoucTeaTa Ha AJIMB cuctemuTe:

y(n-k) = P[x(n-k)]
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" J
MMNyJiCHa XapaKTepucTukKa M cyMa
Ha KOHBoJMOLUuATa Ha AAJINB cuctema

acewonde  PIy ax (n]=2 aPx(n)]
k k
Mo)xeM aa dpopMynmnpame nspasa 3a U3XOAHUSA CUTHaAN KaTo

y(n) = Px(n)] =
~PLY. ()8 -K)]= 3 x(K)P[5(n—K)] -
K=—o0 k=—o0

- fx(k)h(n k)
k=—00

T.e. 3a AJINB cucteMa npun Nnpon3BONEH BXOAEH CUTHANT U3XOAbT €

+00

y(n) = > x(k)h(n—k)

k=—o0
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" J
MMNyJiCHa XapaKTepucTukKa M cyMa
Ha KOHBoJMOLUuATa Ha AAJINB cuctema

~+00

y(n)= 2 x(k)h(n-k)

k=—00

\\ /7

AKO B cyMaTa Ha KOHBoJsilouMdaTa 3ameHuM “n-k” ¢ “r" v cnepn toBa

A\ / 4

r" ¢ “k”, nony4yaBame gpyraTta oopMa Ha 3anmMcBaHe Ha CcyMmaTa
Ha KOHBOIOUMATA:

y()= 3 h(k)x(n —k)

k=—0c0

3a KpaTKOCT, KOHBOOLUMATA Ha ABe peauLm 4ecTo ce 3anmcBa KaTo:

y(n) = x(n) * h(n) = h(n)*x(n)

KbAETO CUMBONBT " *” e onepaTopbT Ha KOHBOOUMUATA.
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" J
MMNyJiCHa XapaKTepucTukKa M cyMa
Ha KOHBoJMOLUuATa Ha AAJINB cuctema

m CymMaTa Ha KoHBOMOUMATaA e BaXXeH UHCTpyYMeHT B LJOC TbM KaTo
NO3BOJIABA Aa Ce U3YMNCIMN U3Xoha Ha cuctemaTa npu Npom3BOJIEH

BxoaeH curHan X(N), u nssectHa uMnysicHa xapakrepuctuka h(n) Ha
cucteMara.

s KoHBoONoUuATa Ha npomsBoniHa peauua X(N) ¢ peanuaTta Ha
eAVHNYHMAT umnync 6(N) e paBHa Ha NbpBoOHa4danHaTta peauua X(n)

X(n) = x(n)* o(n)
s Korato y(n) = h(n)*x(n) ce nsBbpliBa 3a HENEpPNUOANYHU peanum

X(n) n h(n) roBopwuM 3a siMHENiHa KOHBOJTIOLMS, anepmnoanyHa
KOHBOJIIOLMS] WU 3@ KPATKOCT CaMo 3@ KOHBOJIIOLMS.

m B cnydyas Ha nepmoanyHM peanumn ce BbBexXaa MOHATUETO KPbIroBa
KOHBOJIOLMS, UMKIINYHAG KOHBOJIOLUMNS WU MEPUOANYHA
KOHBOJIIOLMA.
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" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha
cucrteMa nocpeacrsoM cymarta Ha KOHBOJIIOLUM

y()= 3 x(k)h(n - k)

x(n)=[1.0 1.0 1.0]

x(n) 1

—o—o—o

*—0—0—>»

-3-2-101 2 34 n

k=—o0
h(n)=[1.0 0.75 0.5 0.25]

A

h(n)
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®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL
x(N)=[1.0 1.0 1.0]

h(n)=[1.0 0.75 0.5 0.25]

MNpn n=0 cyMaTa Ha KOHBOJIOLUMSATA MMA CAMO €4HO HEHY/IEBO
npounsBeneHne

y(0) = x(0)h(0) =1

y(n)= 3 x(k)h(n - k)

K =—o0

o) 1.). ) h(0-k) :
i ¢

— l _¢o—0—0— OTI *—o—o
3-2-101 2 34 7 4-3-2-10 12 3 K
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®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL

P hm_ky  XM=[10 10 10]
o k;ooX( =k h(n)=[1.0 0.75 0.5 0.25]

[lpn n=1 cyMaTa BKJIlOUBaA ABE HEHY/1eB/ NPONU3BEAEHNS:

y(1) = x(0)h(1) + x(1)h(0) = 0.75 + 1 = 1.75

A

A
x(0)[*(1) x(2) h(1-k)
® & @ . .T
®
®
——0—0— ———0—> ——0—@ *—0—0 >
32-101 2 34 »n 5-4-3-2-101 2 3 K
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cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL

®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

P hm_ky  XM=[10 10 10]
o k;ooX( =k h(n)=[1.0 0.75 0.5 0.25]

[Mpn Nn=2 cymaTa BKJ/IlOYBa TPU HEHYJIEBN NPOU3BEAEHUS:

V(2) = x(0)h(2) + x(1)h(1) +x(2)h(0)= 0.5 + 0.75 + 1 = 2.25

0
32101 234 »# 4 -32-101 2 34 k
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cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL

®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

P hm_ky  XM=[10 10 10]
o k;ooX( =k h(n)=[1.0 0.75 0.5 0.25]

Mpu n=3 cyMaTa BK/ItOUBA TP HEHYJIEBU NMPON3BEAEHUS:

v(3) = x(0)h(3) + x(1)N(2) +x(2)h(1)= 0.25 + 0.5 + 0.75 = 1.5

A

7 3-%)
x(0)]*(1) x(2)
® & @
—— 0~ i ——0—>
32-101 2 34 5 3-2-101 2 34 &%
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cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL

®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

P hm_ky  XM=[10 10 10]
o k;ooX( =k h(n)=[1.0 0.75 0.5 0.25]

[lpn n=4 cyMmaTa BKJIl0UBa ABe HEeHYy/1eBU NponsBeaeHnd:

y(4) = x(1)h(3) +x(2)h(2)=0.25 + 0.5 = 0.75

¢ 4 k)
x(0)]*(1) x(2)
® & @
———0- i ———>
32101234 g 2-101 2 34 i
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®
" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha @
7|

cuncremMma nocpeancrtrsom Cymata Ha KOHBOJ1IOL

P hm_ky  XM=[10 10 10]
o k;ooX( =k h(n)=[1.0 0.75 0.5 0.25]

[Tpn n=5 cymaTa BKIOYBa €4HO HEHY/1EBO Npoun3BeaeHune:

v(5) = x(2)h(3)= 0.25

t W5 k)
x(0)[*(1) x(2)
® & @
———0- i ———>
32-101 234 n -101 2345 ke
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" J
NMpumMmep: N3uncnsaBaHe Ha peaKuuMsaTa Ha
cucrteMa nocpeacrsoM cymarta Ha KOHBOJIIOLUM

x(n) 1 h(n) 1
*?? 11
il
——0—o *—o0—o0—> _—0—0—0 T *—o—>

3-2-101 2 34 n -3-2-101 234 5

2 e y(0) =1.00

el e y(1)=1.75

' o y(2) =225

19 e y(3)=1.50

e y(4)=0.75

| ] 0 e y(5)=0.25
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="
CBOMCTBA HAa KOHBOJIIOUMUATA

m KOMYTaTUBHOCT

y(n) = x(n) * h(n) = h(n) * x(n)

m ACOUMATUBHOCT

y(n) ={x(n)* hy(n) }*h,(n) = x(n)*{h,(n)*h,(n) }

x(n)

x(n)

hi(n) ﬂ

ha(n)

v(o)

a)

h2(n) W—(nz

hi(n)

y(n)

x(n)

hi(n)*hz(n)

b)

yo)

),

hz(n)* hi(n)

y(n)

npagl). T. FaHues, LIOC - lleteH cemecTnbp 2023$)2024
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"
CBOMCTBA HAa KOHBOJIIOUMUATA

m  [AnctpnbyTnUBHOCT

y(n) = x(n)* {hy(n) + hy(n)} = x(n)*h,(n) + x(n)*hy(n)

— hi(n)

R O X0 ) |

L hy(n)
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="
CBOMCTBA HAa KOHBOJIIOUMUATA

m CyMa Ha KOHBOJIIOLMATA 33 Kay3asiHa cucTtema

[Mpn Kay3anHuUTe CUCTEMU U3XOAHUAT curHan y(n) He 3aBUCU OT
CTOMHOCTUTE Ha BXoaHuda curHan x(n) npun kK > n. Toraea cymaTta
Ha KOHBOJIIOLUMATA MOXe Aa ce 3anuile KaTo

ym) = Sx(h(-k)  wm y(n) =S h(K)x(n —k)
k=0

K=—c0

3a cyyanaT KoraTto BXoAaHUsa curHan x(n) e kaysanHa peauvua,
CyMaTa Ha KOHBoOOUMATa ce peayumpa Ao

y(n) = Zi:x(k)h(n —-k) = Zi: h(k)x(n—k)
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" A0
CBOMCTBA HAa KOHBOJIIOLMATA

m 3a cnyyasa korato peauunte X(nN) n h(n) ca kaysanHm u c

kpaHa abmxknHa N, n N, , a n3BbH Te3n nHTepsanun nmaT
HYN1€BN CTOMHOCTWN MOXEM [a U34YUCIIUM Ye U3XoaHaTa

peanua Y(N) cblo Wwe 6bae KpaHa peavua CbAabpiKalla
Ny,=N,+N,—1 HeHyneBn enemeHTa

y(n) = Zn:x(k)h(n—k) _ Zn:h(k)x(n—k)

3@ CTOMHOCTU Ha He3aBucuMmaTta npomMeHnmea n =0, 1, 2 ..... N,-1
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MMNyJicHa XapaKTepucTukKka M cyMa
Ha KOHBoOMOLUMATaA 3a umdposa A4JINB
cucrema

= IMNyJZicHa xapaKTepucTukKa Ha cuctemMm 6e3 namer
Heka aa c1 npunoMHMM 4e cuctema 6e3 nameT ce aedpunHupa KaTto

y(n) = A X(n) a cbuo Taka ye

+00

X(n) = Z x(K)S(n—k)

Z—OO
ToraBa MOXeM ga 3anuiuem

y(n) = Ax(n) = AZX(k)&(n k) =

— f x(K)AS(n —k) =

= X(n)*Ao(n).
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" A
MMNyJiICHa XapaKTepucTukKa M cyMma
Ha KOHBoJlOUuATa 3a umdpposa 1JINB
cucrtema

y(n)=x(n)*As(n)

T.e. UMMyricHaTa XxapakTepuctmka Ha cuctema 6e3 nameT e mawabupaH eauHNYeH
MUMNYIIC:

h(n) = A d(n)
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" A
MMNyJiICHa XapaKTepucTukKa M cyMma
Ha KOHBoJlOUuATa 3a umdpposa 1JINB
cucrtema

= iIMNyncHa xapaKTepucTuKa Ha nocsieqoBaTesiIHO CBbpP3aHM
npaBsa v obpaTtHa cucremMm

[MpaBa cuctema ObpaTHa c-ma

O T L e Yo

A 4

AKO cucteMa c nmnysncHa x-ka h(n) e obpatnma, n o3HauymM obpaTHaTa
cuctema c h’i(n), To y(n) = x(n)*h(n)*h-1(n), cnen npunarane Ha
CBOMCTBOTO aCOUMATUBHOCT

y(n) =x(n)* hy(n)}*hy(n) = x(n)*{hy(n)*hy(n)}

3a nocnenoBaTe/IHO CBbP3aHM npaBa M o6paTHa cucTeMa nosyyaBame

y(n) = x(N)*h(n)*h"(n) = x(n)*s(n) = x(n), 7.«. h(n)*h=(n) = ().
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" A
MMNyJiICHa XapaKTepucTukKa M cyMma
Ha KOHBoJlOUuATa 3a umdpposa 1JINB
cucrtema

s MMnyncHa xapakTtepucTtuka Ha Kay3aJiHu CUCTEMMU

iIMnyncHaTta xapakTepucTuka Ha Kay3arnHa cuctema e KaysanHa peguua:

N3XoO4bT Ha cuctemara, y(n), 3a BCAKa CTOMHOCT Ha He3aBuCcMMaTa NpoMeHnMea n
3aBUCK OT TEKYLUUTE U NpeanLLHN BXOOHN OTYETU U/UIN MUHANN CTOMHOCTU Ha
n3xogHarta BenunymHa, Ho He 3aBUCKU OT Bbael CTOMHOCTN Ha BXOOHUSA CUrHanm.

X(n) h(n) 1 h(0-k) 1
11
all |
—_—e—o—o To—o—» oT *—o0—0—>
-3-2-101 2 34 n -3-2-101 2345 4321012 3 k
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" A
MMNyJiICHa XapaKTepucTukKa M cyMma
Ha KOHBoJlOUuATa 3a umdpposa 1JINB
cucrtema

3a HeKay3alJiHa CMctemMa UMNyJriCHata XapakKTepunCctuka He € Kay3alriHa peauua:

x(n) 1

L

-3-2-101 2 34 n

& >

-4-3-2-10\12 3 &%

3a n=0 cymaTa Ha KOHBOMOLUMATA Ce CbCTOM OT [BE HEHYNEBU
Npon3BeaeHns:

y(0) = x(0)h(0) + x(1)h(-1)
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" A
MMNyJiICHa XapaKTepucTukKka M cyMa
Ha KOHBoOMOLUMATaA 3a umdposa AJINB

cucremMma
s MMnyncHa xapaKkTepucTuMka Ha YyCTOMUMBa CUMCTEMA

EnHa cuctema e yctonymBa ako Npu orpaHMYeH BXoaeH CUrHarnl,
x(n), ¢ KpauHa OAbIXKUHA, U3XoaHUA curHan, y(n), cbLlo €

OrpaHUYeH.

3a orpaHM4YeH BXoAeH curHan x(n) e B cuna: |X(n) | < A.

Toraea MoayJsia Ha n3xoaa, y(n), 3a cucrtema Cc orpaHmyeH BxoaeH
curHan, x(n), MoXxe aa ce 3anuuie KaTo:

+00

y(m]=[> x(k)h(n k)| <

—Q0

< S Ix(K).h(n - k)| < AS |h(n—K)| = AS|h(K)|
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" J
MMNyJiICHa XapaKTepucTuka M cyMa
Ha KOHBoJlOUuATa 3a umdpposa JINB

cncrema

OTTYK cneaBa YC/I0BUMETO Ye 3@ YCTOMUYMBOCTTA Ha CUCTEMA €
JOCTaTbyHO cyMaTa Ha MMNYyJiCHaTa XxapakKTepucTmka aa 6bae

KpanHa:

+Zooz\h(k)\ < o0

[lokaszaHo e 4ye ToBa € HeobxoaAnUMO N AoCTaTb4yHO YCrOBME 3a YCTOMYNMBOCTTA Ha
OJINB cuctema.
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MMnNyJZiCHa XapaKTepucTuKa M cyMma
Ha KOHBoOMOLUMATaA 3a umdposa AJINB

cncrema

m Bpb3ka Mexxay mMmnyJsicHata M npexoaHaTa XapaKTepUCTUKH
Ha AJINB cuctema

PeakuusiTa Ha cMcTeMaTa Npu BXOAEH CUrHasn eanHudeH ckok, u(n),
Ce Hapu4ya NpexoAHa XapaKTepUCTMKA M LWe S 03HAYUM

g(n) = u(n)*h(n).
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" A
MMNyJiICHa XapaKTepucTukKa M cyMma
Ha KOHBoJlOUuATa 3a umdpposa 1JINB
cucrtema

OTYyMTanKm 3aBUCMMOCTTA 3a CymMmaTta Ha KOHBOJMHOUUATa

y(n) = Zilx(k)h(n —-k) = Zi:h(k)x(n —k)

nony4aBaMe:

q(n) = 3 h(k)
k=0
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"
Cbrabp>aHue Ha Tema #2

m PasznnkoBu ypaBHeHUdA 3a AnckpeTHa JINB cnucrtema
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"
Pa3nunkoBu ypaBHeHus Ha AJINB cucrt

OJTNB cnctemmnte ce onmceBaT BbB BpeMeBaTa 06,1acT nocpeacTBOM
NIMHENHWN Pa3NINKOBU YpaBHEHMSA C MOCTOAHHU KOedULIMEHTN a, WU

b, kaTo

> a,y(n—-k)=> b x(n-k)
k=0 k=0

ToBa npeacraesHe e ynqobHO 3a onMcaHneTo Ha NoBeaeHuneTo Ha
cucrtemaTta BbB BpeMeBaTa 061acT U 3a U34YNCNsaBaHETO Ha
peakuunsaTa Ha cuctemaTa. PeabT ce Ha cuctemMaTa ce onpeaens oT
Nno-ronssMoTo oT ABete yncna N n M,

TpsabBa ACcHO aa ce otbenexwu ye:
1. PasznnkoBuTe ypaBHEHUS ONMUCBAT LUMEPPOBU CUCTEMNU
2. AndepeHumanHuTe ypaBHeHUs OnMcBaT aHaJ10roBmn CUCTEMU
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"
Pa3znunkosu ypaBHeHusa Ha OJINB cuct

[pyra no-4ecto n3anosseBaHa opMa Ha pa3/IMKOBOTO YpaBHEHMUE
ce noslyyasa Ype3 HoOpManu3MpaHe Ha Mo OTHOLLEHWE Ha d,, Taka

4ye dp=1. ToBa ce nocTura 4Ypes pasaesisiHe Ha ABETE CTPaHU Ha
YPaBHEHNETO C dj

N M
Yay-k)=Ybx(n-k |:a
k=0 k=0

KOETO Ce pa3rnnmcBa KaTo.

y(n) = > b, x(n—k) - > a,y(n—k)
k=0 k=1

T.e. umdpoBaTa cuMCTeMa pelwiasa pa3/IMKOBO ypaBHeHMe 3a Aa
noay4nm n3xoaHusa cmruian, y(n), nocpeacTtsom onepaynmte

cbbupaHe, YyMHOXEHMNE U NpeMecTBaHe BbB BPpEMETO Ha eAUH TaKT
(T.e. 3aKbCHEHMNE C eaUNH TaKT).
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" J
Pa3snunkoBeu ypaBHeHusa Ha AJINB cucre

y(n) =2 b x(n—k)- > a,y(n-k)
k=0 k=1

3a aa 6vae nsuncneH n3xoaHmsa curuian, y(n), e Heobxoammo aa
6baoaT n3BecTHU koedpwuumeHTuTe a, n b,, a cbwo Taka M
npeauvwHn CTOMHOCTU Ha BXoAaHUSA curHan, x(n), v N npeavwHu
CTOMHOCTU Ha n3xoaa y(n-k).

To3n TUMN pas3IMKOBU YPaBHEHUA N LMD POBUTE CUCTEMU KOUTO TE
NpeacTaBsaT ce HapuyaT peKypCuMBHU, T.K. U3XOAHUS CUTHAN B
HACTOSLLUMAT MOMEHT OT BpeMeTOo 3aBuUcK (NpSKO) OT NpeauniluHn
CTOMHOCTU Ha U3XOAHUS CUTHaI.

Ha npakTuka Han-4eCcTo aHaIn3bT Ce U3BbPLUBA 3a Kay3asiHa
cucTeMa u Kay3asiHu BXOAHW peauuun, nopaam KoeTo 3a CTOMHOCTMU
Ha He3aBucumaTa npomeHnmea n < max(M,N), BCNUKU
npealwecTesall CTOMHOCTU Ha BXOAHUS U U3XOOAHUS CUTHAS ce
npuemaT 3a paBHW Ha HyNa, T.e. NpUeMaMe HyJ1ieBn HadaslHu
yCJ10BUA.
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" J
Pa3snunkoBeu ypaBHeHusa Ha AJINB cucre

y(n) =2 b x(n—k) - a,y(n—k)
k=0 k=1

MMnyncHaTa XxapakTepucTtmka Ha cMcteMun ¢ obpaTtHa Bpb3kKa MMa
be3kpaeH 6pon HEHYNEBU YEeHOBE, MOpaan KOETO TE3M CUCTEMU ce
HapuyaT cuctemMun c 6eskpanHa MMnNyscHa xapakrtepuctmka (bUX).

Korato N > 0, nMaMe Han-Masnko eamH HeHynes KoepuumeHT a, (B
AOMb/IHEHNE KbM &,), T.e. cBOOOAHATA CbCTaBALla Ha peLEeHNETO
LLle MMa NOoHe eAnH eKCNOoHeHUManeH 4YseH, KOUTo e 6e3KkpaeH BbB
BpeMeTo.
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" J
PasnunkoBu ypaBHeHusa Ha OJINB cucr

MNpu cneumnanHua cnydan N=0, T.e. korato BCMUYKU KoedDULMNEHTHU
a, (C usKkn4veHne Ha a,) ca paBHW Ha Hya, ypaBHEHUETO

y(n) =2 b x(n—k) -2 a.y(n—k)
k=0 k=1

ce npeobpa3yBa B

y(n) =2 bx(n-k)
k=0

N3xoaHnaTt curHan, y(n), Ha cboTBeTcTBawara AJIMB cuctema e
Ter710BHa cyMa OT TeKywusaTt n M npegllectBalym otyeTa oT
BXoAHUA curHan x(n), T.e. He 3aBUCKU OT obpaTHa Bpb3Ka.
CnepoBatenHo AJIMB cucrteMaTta onmcaHa C ToBa pa3/IMKOBO
ypaBHEHMe ce Hapuia HepeKypcuBHa cucrtema.
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Pa3znunkoBu ypaBHeHusa Ha AIJINB cucrteMa

Pa3nnKoBO ypaBHeHUe

y(n) = > b.x(n —k)
k=0

CbOTBETCTBA HA CyMaTad HA KOHBOJIOUNATA 3a Kay3adJ/ilHa CNCTEMA U
Kay3aJliEH BXOAEH CUTHAJl

y(n) = Zn:x(k)h(n k) Zn:h(k)x(n k)

Taka ye MOXeM Aa npueMeM ye koeduuneHtute Dy, by, by, ... by,

CbOTBETCTBAT Ha OTYETUTE OT UMMNYyIcHaTa xapakTepuctmka h(K) 3a
CTOMHOCTU Ha He3aBucumata npomeHnuea k=0, 1, 2,...M.

[Mopagn Tasu nNpuUynHa Te3nm CUCTEMU Ce HapuyaT CUCTEMU C KpanHa
MMNYyACHa Xapaktepuctuka (KnNX).
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" J
Pa3snunkoBeu ypaBHeHusa Ha AJINB cucre

KNX cnctemmnte mmaTt HAKOM NoJsIe3HN CBOMCTBA, KaTo Hanpumep
JINHENHa pa3oBa xapakTepuctmka n 6e3ycsioBHa yCTonYnBoCT.
3awo?

B TO031n cMucewn, KUX cncrtemMmnte ca yHUKaNHU U HAMaT aHanor
cped HenpekKbCHAaTUTE CUCTEMMW.

BesycnoBHaTa ycrtonumBocT Ha KUX cuctemute cneasBa ot akTa
ye U3XOAHUSA CUIrHasl He 3aBUCKM OT NpeaullHU CTOMHOCTU Ha
n3xopa, taka 4ye KX ca cucremmn 6e3 obpatHa Bpb3Ka, Uun
oTBopeHun (open-loop) cucrtemu,

OcBeH TOBa, YyCcToM4mMBocCTTa Ha KNX cncremute cnegBa ANPEKTHO
OT YCJZIOBMETO 3a cTabunHocT Ha AJINB cuctema:

S (k)| < o0
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" A
Pa3nunkoBu ypaBHeHus Ha AJINB cucrt

[la cn NpUNoMHUM NpuMepa 3a undpoeunda cymaTtop (akymynaTop):

n

y(n)= 2 x(k)

k=—00

Cnep HeCNoXHW npeobpasyBaHNs pPas3/IMKOBOTO YPaBHEHME Ha
aKyMynatopa MoXe [a ce 3anuvile BbB BUAa

y(n) =y(n-1) + x(n)

ToBa pas3/IMKOBO ypaBHEHWE NpeacTaB/isiBa peKkypcuBHaTa dopMa
Ha aKyMynaTtopa 1 pa3KpuBa 3all0 aKyMyslaTopa He € yCTOMYMBaA
cucrtema.
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" A
Cbrabp>aHue Ha Tema #2

m [padpnyHO NpeacTaBssHe Ha apXUTeKTypu 6a3smnmpaHu
Ha pa3/IM4HN BapMaHTU Ha pa3/IMKOBUTE
ypaBHEHUS
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" J
lNpeacraBsHe Ha pa3/IMKOBUTE
vypaBHeHuA ¢ 6s1okoBa aomarpama

Pa3znnkoBuTe ypaBHEHUS BbB BMAA

y(n) =) bx(n-k)
k=0

y(n) =2 b x(n—k) -2 ay(n-k)
k=0 k=1

OVPEKTHO onucear nocriegoBaTenHocTTa OT eneMeHTapHU MaTemMaTnyecKu
onepauun konto OAJINB cuctema nssbpLLBa BbPXY BXOAHUA CUrHan 3a ga
N3YNCIIN U3XOOHUAT CUrHan.
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NpeacraBsiHe Ha pa3JIMKOBUTe
ypaBHeHuA ¢ 6s1okoBa aonarpama

Te3n onepaunmn ce nNpeacTaBaT rpadUyHO KaTo

x1(n)

- J’(”):xl(”)_+x2(”)
x2(n) ]
— cymMupaHe Ha ABa curHana B

MOMEHT oT BpemeTo N

xi(n)  ym)=xa(n)taa(n)
x2(n)
X(n) a y(n):az((n) — MawabupaHe
x(n) 1 | y(n)=x(n-1) — U3MECTBaHe BbB BPEMETO Ha eayH
" < — nepvon Ha auckpetusaums (T)
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" J
lNpeacraBsHe Ha pa3/IMKOBUTE
vypaBHeHuA ¢ 6s1okoBa aomarpama

NMpumMmep 1. Cucrtema c KX oT BTOpU pea npeacraBeHa oT
Pa3/IMKOBOTO YpaBHEHUE:

y(n) = ibkx(n —K)=byx(n) +b,x(n =1) + b,x(n - 2)
k=0

ce n3obpassasa c 610koBaTa CTPYKTypa

X(i‘) Do y(n)
71 by

Gl
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" J
lNpeacraBsHe Ha pa3/IMKOBUTE
vypaBHeHuA ¢ 6s1okoBa aomarpama

NMpumMmep 2: Cucrema c bUX oT BTOpU pen npeacraBeHa C
Pa3/IMKOBOTO YpaBHEHUE:

y(n) = Zka(n—k)—Zaky(n—k) =
=b,x(n) +b,x(n-1)+b,x(n-2)-a,y(n-1)—a,y(n—2)

ce npeacTaBs CbC criegHaTa CTPyKTypa

Xn) by y(n),
l-l l—l
bl
T T
ZI ?2 ~a2 Z|

—
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"
Bb3MOXXHU BbMNPOCU 3a TeCTa

Koun ca ycnosusaTa AUCKpeTHa peauua Aa e c orpaHuyeHa
MOLLUHOCT?

Kak ce npoMeHs yecTtoTaTa Ha KosiebaHme f Ha
eKCnoHeHuManHa KoMnaeKkcHa pegmua npv MOHOTOHHO
HapacTBaHe Ha HOpMann3npaHaTa Kpbroea 4yecrtoTa 27

KakbB € 6poAT Ha XapMOHNYHO CBbpP3aHUTE KOMIMIEKCHM
eKCMoHeHUnanHu pegnumn?

[pn KakBW YCNOBUSA €4Ha peanHa uuMdpoBa cuctemMa Moxe
[la ce pa3rnexaa KaTo He-kay3anHa?

KakBo e Heo6XoaMMOTO N AOCTaTb4YHO YCNOBME 3a efHa
AJIB cuctema na 6vae ycronumea?

[To KaKBO Ce pa3nun4yaBaT PeKyYpCUBHUTE N HEPEKYPCUBHUTE
cucremMun?

KakBoO e yC/I0BMETO 3a NoJslyyaBaHe Ha NepUoOaANYHA
OVUCKpPETHa peauLa npu paBHOMEpPHa ANCKPETU3aLMs Ha
HenpeKkbCHAT NepuoanyeH curHan?
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