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HY215 - Epappoopéva Mabnpatika yo Mnxavikoug MNaveruotnuo KpAtng, Tunua Erotrung YrmoAoylotwy

* Juotnpa: Soun/alyoplBuoc/KUkAwpa KA. tou e€ayel mTAnpodopia amnod tnv elocodo
x(t) kai tnv avamnoplotd wg €060 y(t)

* Oa HoG OITO.oXOANCOUV ATTOKAELOTIKA CUCTAMOTO JLOG EL0OS0U Kal pag e€06ou

x(tq S J_y(t)

® EvOAAQKTLKA £va oUOTNHA TIEPLYPADETOL WG

x(t)g{ T { } J—y(t)

y(t) = T{x(t)}

kot T{-} o TeA€0TAG TOU CUOTAMATOG TTOU £dapuoleTaL oTnNV L0050 KaL TIAPAYEL TNV
£€o0bo

LE

* >ta mAaliola Tou paBdnpatog Ba meplypAddoupe Eva CUOTNUO WG LA N €val cUVOAO
eELOWOEWV TIOU TtEPLYpAdOoUV TNV AELTOUPYLA TOU
* AnA. WG €va HoONUATIKG HOVTEAOD TIOU UTTOPEL va TIEPLYpAdEL Eva PUOLKO, NAEKTPLKO,
UNXOWVLKO, A O0TtoLo aAAo cuotnua
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* JuoTAuOTA

* MEPLKEC ONMUOAVTLKEC KATNYOPLEC CUCTNUATWYV Eival oL akOAOUBEC:

I'pauuu«'x] KOlL LN YPOLULKO cuoTApaTO

XpovLIKa auerdB)\nra] KOlL XPOVLKA UETOBANTA cuoThpaTa

Avvapka n otatLKd]ouotr']uata

ALTLOTA (A KN aLTaTd cuotApata

Euctaer']\r'] aotadn cuotupota

® Qa eéetaooupe oXedOV OAEC TIC TTAPATIAVW KaTnyopieg aAAd To BApoc TNC LEAETNG
oG Ba TTECEL LOVO O€ QUTEG TLG KATNYOPLEC

Lk e

* OQa pog anmaoXoAnoouV Katd kavova Mpopptkd Xpovika ApetapAnta (FXA)
cuoThpaTa
* OLumolotreg dLotntec Ba motkiAAouv... ©
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* JuoTAuOTA

® [POLULKA KOLL LN YPOLLLLKAL CUOTHHOTOL

* Eva oUoTnUol ASYETAL YPOUULKO OV LKAVOTIOLEL SUO LOLOTNTEC
* Tnv W8lotnta tn¢ opoyévetag (homogeinity)

* Tnv W8lotnta tn¢ mpocBetikotntag (additivity)

* H (810TNTO TNC OMOYEVELAC AEEL OTL AV

x(t) - y(t)
gva {evyoc eloobou-e€0dovu, tote
ax(t) - ay(t)

* H (810TNTa TNC MPOOOETIKOTNTOC AEEL OTL OV
x1(8) = y1 (1), x2(t) = y,(t)

duo levyn elcodou-e€0bou, TOTE
x1(t) + x2(8) = y,1(£) + y2(t)
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* JuoTthipaTo
® [POLLLKOL KOLL AN YPOLLULKAL CUOTH LOTOL

* MpopptkotnTa: av xq(t) = y1(t) kat x,(t) — y,(t), tote 10 cloTNUA eival
YPOLLLULKO Qv £ivoil TPOOOETIKO KAl OUOYEVEG, ONnA. av

axy(t) + bx,(t) = ay,(t) + by, (t)

* Eval artAo mapAdeLyUa YPOULKOU CUCTHUATOC Elval Eva tdaVIKO cUoTNU
HUkpodwvou-nxeiou
* M\wvTtag oTo UKPOPwVOo, akoUUE akpLBwC TN dwvr KOG
* Auédavovtac tn¢ evtaon tng dwvng pag (emt a), akovpe TN pwvr KOG aviiotoyo
rito Suvartn Katd tov idlo mapayovta (i a)

* Av ptAnoouv duo atopa oto HIKpodwvo, ol dwVEC Touc (ta onpata elocodou) Ba
npooteBolv koL otnv €€060 Ba akovotoLv fava ta duo onuata pall, oav va
QKOUYOLUE TOV KaBEva EexwploTa Kol va aBpoillape TI¢ PWVEC TOUC

* 2TNV IMPAEN, TO NXELO €XEL EVa AVW OPLO EVTOAONC TTOU UTTOPEL vaL avartapaéet
(clipping effect)
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* JuoTAMOTO

® [POLLLKOL KOLL AN YPOLLULKAL CUOTH LOTOL

Al 0 L,
—__

,(t) » T} Yy (t) y o /0
—__ ) )
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* JuoTAMOTO
* Napadelypa:

O EA€yéte av ta cuothpata

y©) =Jx) — M., movwwg.

1
y(t) = Ex(Z —t) + x(t)
glvall YpOLULULKAL

d\ Y (% = SX@)

) (£) = v (O = 1%

St (+)
ax(d — Y ()= m-e) = T +) fé b4

X ¢y = v, (&)= 5;. (+)
X, (&) = Y, () = SZQ({')

@)ty (4)
X106 1y (8 —> (1) = TR cora) 7 . enthotn 7 Y@y

N
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* JuoTthipaTo

* Napadeypa: 6 \J

y(t) =1x(2—t) + x(t) @”XQ\” \”

KH) —)\/(4/\'- 2 ~— x Cz-8) +x W)

L s(o-t)1 x(-(/)> -
a xW) =Yy - L ax (2-HDrax @ & 9

2
. ay (6
X, ) =y, (= '\5 %, Cp-&)+%x, )

X, (D = Y, - JQ— X, (2-)+ %

%, () +x, (1 >y(e)= —(* (Q-i'§+><2('2-b\\ (X(“w"*zcﬁ)

:{_ %, (2-¢) + X%, (4/’% ., % o(2 -t) +7‘2("3]
2

= Y, e Vg (+)
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* JuoTAMOTO

* Mapa TOAAQ TIPOKTIKA CUCTAUOTO. CUVEXOUC XPOVOU TEpLypadovTal armo
SladoplKEC EELOWOELC TNC HOPDNG

N k

4y = Ebk (0

k=0
* RC KUKAWHQL

dAV+1AV 1AV
dt RC R 7

* ATTAOG QPUOVLKOC TAAOVTWTAC
d’x k
772 + mx =0
* MmnopoUpue va dei€oupe OTL TETOLA CUOTHUOTO ELVOL YPOLMLKA
* ..av Bpiokovtal apxlkd o npepia

* O nukvwtng adoptlotog, N palo o akwnola

° Oa HoC AmooXOAOoUV TTIOAU 0TN CUVEXELAL
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* JuoTAMOTO
* XpOVIKQ LETOBANTA KOl XPOVIKA ApETABANTA cUCT AT

* Xpovikn apetaBAntotnta: av x(t) — y(t), TOTe T0 CUOTNUA E(VOL XPOVLKA
opeTaBAnto av

x(t —tg) > y(t —ty)

* Eval artAo mapadELyUa YPOULKOU CUCTHUATOC Elval Eva tdaVIKO cUOTNU
Ukpodwvou-nxeiov pe otaBepn kaBuotEpnon
* MIAWVTAC 0TO UKPODPWVO, aKoUHE akplBwe tTn pwvr) pag Heta ano k dsut/mta
* Av kaBuotepriooupe va pAnooupe kota A deut/mta, Oa kabBuotepriooupe va
akoUooUME tn dwvn pog kata A + k devt/mta

* Opwc n dwvn mou Ba akovooupe Ba sivatl akpBwc To 6Llo onpa pe pv — & Ba €xeL
oAAA€eL KATL AAAO

* Me aAAa AoyLa, Eva cuotnua tou kabuotepel tnv €060 tou 600 KaBuoTtepel
n elcod06¢ Tou eival Xpovika apetaBAnto

* Eva xpovikd petaBAnto cvotnpa divel Stadopetikec e€6douc yLa
SladopeTikEC KaBuoTeEPNOELC TNC eloodou!
* Tooo oe eninedo kaBuotEPpNong 0co Kal o€ eninmedo popdng tng e€o6dou!



HY215 - Epappoopéva Mabnpatika yo Mnxavikoug MNaveruotnuo KpAtng, Tunua Erotrung YrmoAoylotwy

* JuoTAMOTO
* Napadelyua:

* EA€yETe av TA cUOTH AT
y(t) = tx(t — 2)

y(t) = sin(x(t + 1)) Y. a,\\

glvall xpovika apetapAnta

Y(t) - ¢ X(t*z>

o X(t-ts) — ¥, (O % x(y-to'z)‘& \/(’E‘To\?é\/,a/)
V-te) o (-4 s (E-to-2D XPOY.
izfaf%.
X (-t = Vv (&) - Sim (% C’c-to+t5> Br
Y(t- &) : $‘w\(x(’cf fa*‘» S (ﬂxe\/ 0
Al et
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* JuotApota
* AUVOULKA KOLL 2TOTLKAL CUOTHHOTO

* Ta SUVOLLKAL CUOTHHOTA ATTOLTOUV TPONYOUUEVEC N ETIOUEVEC TILEC TNG
£10060U yLa va. UTTOAOYLOTEL pLaL T tTng €€06ou

* [l mapadelyua,
y(t) = 2x(t — 1) + x(t)
y(t) =2yt —2) +x(—-t)
y(t) = tx(t — 1) + u(t)

* Ta oTaTKA cuoTrpato OV AMALTOUV TETOLEC TLUEG, ONA. uTtoAoyilouv TNV €€060
LLOVO OTtO TN CUYKEKPLULEVN XPOVLKN OTLyUr) Ttou Bplokovtal

* [l mapadelyua,
y(t) = 2x(¢t)
y(t) = x*(t)
y(t) = logyo |x(t)|



HY215 - Edappoopéva Mabnuatikd yio Mnxavikoug MNaveruoto Kprtng, Tunua Emotrung YmoAoylotwy
e

* JuoTthipaTo
® ALTLOTA KOLL 1N QLLTLOTAL CUOTH Ot

* ArtLata ovoua(ovrou 0L OUOTN pota yia ta orola o uno)\ovtouoq ¢
TPEYOVOOC TLUNG TNG €€060UL aTALTEL TPONYOUUEVEC (XPOVLIKA) TLLEC TNG
gLoodou

® JupmeplhapBAveTal KoL n TPEXOUCA XPOVLKH OTLYUA EL0080U

* [l tapadelyua,

y(t) = x(t —2)
y(t) = x(t) il- x(t —10)
Y = 105

y(t) = x(t)

* Mn autiata ovopdalovtal To CUOTA pota mou QTOLLTOUV LEANOVTIKEC TIMEC TNG
£10060U yLa va. UTTOAOYLOTEL pLat TpEYouoa TN Tt €€0d0u

* [l tapadelyua,
y(t) = x(t+2)
y(£) = yx(t + 1)
y(t) =yt —1)+ 2x(t) — x(t + 4)
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* JuoTthipaTo

* EvotaBn kot actabn cuotApatTa

* Euota®n ovoudlovtol T CUCTHLOTA YLa Ta oTtoia LoXUEL OTL av N €lcodo¢

elvall amoAUTwC PppayuEVn, TOTE Kal N £€050¢ eival amoAVTwS ppayueEvn:
0<|x(t)|]<B,=0<]|y(t)| <B,, B,,By, € R,

* [l tapadelyua,

y(t) = x(t —2)
y(t) = x(t) + x(t — 10)

* AotalOn ovopalovtol To CUCTAMATO TTIOU OEV LKAVOTIOLOUV TNV TIOPOTTAVW
oXEon

* [l mapadelyua,
1

)

y(t) =log[x(t)|
y(t) =yt —1)+ 2x(t) — x(t + 4)
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* JuotApota v
* Napadeyua: \ \x({m
* EAEyETe v TAL CLUOTHUATO

 yt)=t+x(t—2) A G'CQQ?S
9 y(t) =sin(x(t + 1)) Ev crm9)1>

elvall evotabn

D Iyol = [t +x ED ¢ Tel + [ x(e-2d| € el £ (un ﬂwj

@ IY“”(‘ lsi\,\ (x(++\))] < |
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* JuotApota
* JuvoALkn anokplon (== £€€0doc) cuoTRpatToC

*Eotw eva cuotnua elocodou x(t) kL e€odou y(t) mou meplypAadeTal ano pia
dladoplkn e€lowon
N M
ax ke
—y(t)= ) b—x(t
za"dtky() z g X ()
k=0 [=0

* Lot vaL UTTOPECOUE VoL AUCOUE QUTAV TNV €€lowon XPELO{OUOOTE KATIOLEG
BonOntikég ouvOnkec (auxiliary conditions)

* Ykedteite tnv o amnAn dtadopikn e€icwon mou EEpeTe:

f(x) =f"(x)

* N'vwpilete OTL €xel amelpeg AVoeLG TNG popdng f(x) = ce*, c ER
* Xwpic yvwon tou ¢ € R n Abon poag dev eival povadikn
* JuvnBwg pag divetal kamota BondntikA ouvOnkn, onwg .. f(0) = 2

* Tote E€poupe OtL f(x) = 2e*
e
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* JuotApota
* JuvoALkn anokplon (== £€€0doc) cuoTRpatToC

* Eotw otL €xoupe N 1o mANBo¢ BonOnTIkEG ocuVONKEC TNC LOPPNC

y(07),y'(07),y"(07), .,y V=D (07)

oL omtolec LoxVouv yla t = 07, 6nA. meplypadouv To cUoTNUA TIPLV
epappoocou e kamola elcodo

*Eotw otLywa t = 0 epapuoloupe oto cUOTNUA HoG pa eilcodo x(t)

* H £€060¢ y(t) amoteAsital amno to abpolopa duo avefaptnTwv PeTafl TOUG
TIOPOLYOVTWV
y(t) = yi(t) + y,5(t)

LLE
d y,;(t): tnv aokpion pndevikrig elc660u (zero-input response)

d y,.(t): Tnv andkplon pndeviki katdotaong (zero-state response)
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* JuotApota
* JuvoAlKn anokplon (== £€€0d0o¢) cuotRpaTog

* H amokplon HNOeVIKAC eloodou TepLlypAdEL TO K KOUUATLY TNC €€060UL TTOU OXETIlETOL
LLE TNV KOITAOTOLO TOU OUCTHHOTOC TPV TV epappoyn tTnG ELoodou

* O nukvwtNg eivat doptlopEvog Ndn, To eAATPLO VOl TEVIWHEVO KOL TO CWHA KLWVELTaL AdN

* Auti n mAnpodopia yla TNV apxLKn KOTACTOON TOU CUCTHUOTOG TIPETIEL KATIWG VAl
«kwdkomolnBeil» otn dtadopikn pog e€iowon

* NMwc? O£tovtac KATAAANAEC un UNdevikEG BonOnTIkEC cuvORKeg!

® Y& QUTAV TNV ATTOKPLON, Bswpoupe OTL N eloodog eivatl pndevikn !
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* JuotApota
* JuvoAlKn anokplon (== £€€0d0o¢) cuotRpaTog

* H anmokplon HNOEVLKN G KATAOTAONC MEPLYPAPEL TO KKOUMATLY TN £€0O0OUL OV
oXETLleTOL LOVO ME TNV ED POV TNC ELOOSOU

* QEWPWVTAC OTL N KATACTOON TOU CUOTHUATOG £lval « unSevikA» = To cUoTNUA NPEUEL
* O nukVWTNCG €ivat adopTLoToC, To EAATHPLO 0 BECN LOOPPOTILAC, TO CWHA AKivNTO

® Y& QUTAV TNV ATTOKPLON, Bswpou e OTL oL BonONTIKEG CUVONKEG TOU CUCTHHATOC Elval
Hnéevikec!

* AvtiBeta, n elcodo¢ Tou cuoTAMATOC ival pun undevikn!

* Ovopadoupe TLc BonOntikEC ouvBnkeg ou opilovtaLylat = 07 wWC APXLKEC
OUVONKEC TOU CUOTAMATOC
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* JuoTthipaTo
* JuvoAlKn anokplon (== £€€0d0o¢) cuotRpaTog
* [la mopadelypa, BewpnoTe Evav amAO oPUOVLKO TOAAVTWTH)

* =¢pete (amod to HY112-Quowkn |, 6ool/ec ouppeteixate) otL n Stadopikn e€lcwaon
TIoU TtEPLYPAdEL TNV Kivnor) Tou ival n
2

@x(t) + wix(t) =0

* Emtiong, £€pete OTL N yevikn Avon ivatl tng Hopdng

x(t) = A cos(wot + @) M
vyt >0 |

10
I

* Av apxilooupe va peAetape to mpoPAnua otn Bgon (B) @ t 70
TOTE Ol APXLKEC OUVONKEC eival ol . ﬁﬁﬁiiﬁ n
X(O) =A |

0

u(0) =x'(0) =0 A

v)
® YTIO QLUTEC TLC OUVONKEC: v M
x(t) = A cos(wyt)

I A |0
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* JuoTtHHaT
* Anokplon undevikng elocodou y,; (t)
* Qewpoupe OtL N eloodoc sivat undev, x(t) = 0V ¢t

N dk

z ag ﬁ:)’zi(t) =0
k=0

* Mrnopei va delxBel otL
y,;(t) = ce’t, A c€eC

* Tote
N gk N i N
z akﬁce’“ =0=> cz akﬁe’” =0= (:2 aAkett =0
k=0 k=0 k=0
N
cet Z apA® =0
k=0
* [l vl LOYXUEL N LOOTNTO TIPETTEL
N
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* JuoTthipaTo

* AnOKpLon UNSeVIKAG EL0060ov y,;(t)
N
z At =0 © ag+a A+ a2 +azA3++ayAN =0
k=0
* Mo OlyoVTOTOLWVTAG TO TIOAUWVULLO
A=2)A=2)A—=23) ...(A=Ay) =0
* To TOAVWVU O OUTO OVOUAETAL XOLPAKTNPLOTLKO MOAUWVULO TOU CUCTAMATOC

® OL pieg tou moAvwvupou A;, 1 = 1,2,.., N ovopdlovtal XopaKTNPLOTIKEG pileg N
bUOLKEC OUXVOTNTEC TOU CUOTHLOTOC

* Apa uttapxouv N SLadopeTLKA ¢, A TTOU LKOLVOTIOLOUV TNV OPXLKA OXECN
* Mrmopet va dexBel OtL To ABpolopa Twv rapamdvw pLwyv KavoToLlel Tnv dla oxéon

* Apa
N N

Vi (t) = Z ciett, t>0=y,(t) = z cieMt |u(t)

i=1 i=1
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* JuoTthipaTo
* AnOKpLon UNSeVIKAG EL0060L y,;(t)

* H mapakdtw oxEon
N N

ya(®) = ) ettt > 02 y,u0) = | ) el |uo)

LOXUEL LOVO av oL pileg A; eival amAEg

® Y& TEPLITTWON TTOU UTIAPXEL TTOAAQTIAN plla 0TO XOPAKTNPLOTIKO TTOAUWVU O, E0TW
A = A4, 10T€ TO MOAUWVU PO YpAPETOL WG

(/1 o /‘ll)r(/‘l o Ar+1)(/1 o /1r+2) (/1 o AN) =0

KoL N amokplon HNdevIKAg eloodou ypadeTal wg

r N
V7i(t) = z cptttett 4 Z cre’t
=1 k=r+1

* Ta ¢; urtoAoyiovtal amo TLG ApXLKEG CUVONKEG
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* JuoTthipaTo
* Napadelypa:

O Bpeite tnv amokplon PNdEVIKAC EL0OSOU TOU CUOTHUOTOC
2

d
(O +5—y(O) +6y(0) = x() O

LLE QLPXLKEC GUVORKEC |

— y(07)=0,y'(07) = -2
At At
Xez{-@ Le-o =>§¢'\':'2 %Z;U—\’. C,e +C26 <>
q A - A =3 =1 -3t

(A+2) (¢35 =0 DY, (k)8 +C €

7(0")'—0:» C, tc,= 0O Q)

-’;Ll -2 (2

. t
\/(o’>:-2 > =-2¢ € "'3('26

t=0 J— - .
C,=-2 t -2 - ¢
®A@§52‘-7 77 Ve (#) = -Qe'Qt+2 e t7o -{\/Z;&) :(-2e +2€ )01)7
R

=-23> -2, -3¢z -2 2> 20134
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e SUCTAMOTO G, 3G
bs Cos (¢): S *€

* Napadelypa: z

O Bpeite tnv amokplon PNdEVIKAC EL0OSOU TOU CUOTHUOTOC
2

Px(t) + wix(t) =0

—

LLE OPXLKEG OUVONKEC
x(07)=4,x"(07)=0

2 w

N

2 ? T 2 [\ (ﬁ' = W
+ Wy 20 =S T -~Wwo 1= (\wWe) = i
° & o l (.‘ 3 sg'z:-)wo

two

> 3w, (¢ ¢)m0 > €- ¢y 2 € =Cy
e

(] r _ t ~ _ ' ' ) ~
X(o'3=0> [C;'Jw., e)Mt_ c, J‘wo e )“o to=> C, on' C"’Jw" 0 =>

x4 = —'%‘— c-)w"t Ny “Y%t - A 5 HX(H-. A cos(wo‘t)\
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TEAOZ AIAANE=H2




