KegpdAaio 2

Baowxeg €vvoleg onuatwy xou
CUCTNUATLYV

2.1 Apota

To ofuata avtiotoryodv og QUOIXEC OVTOTNHTES Tou @épouy TAnpogoplia. Mropolv va mapa-
oTadolY W CUVIRTACELS UIAG 1 TEQIOCOTERWY AVEEAPTNTWY PETABANTOY. Xe NAEXTEIXA XUXA®G-
pota To ofua umopel va elvar 1 évtaon 1 1) Tdon ¢ ouvdeTnoy Tou YEdvou. XLTo AXOUCTIXY
ofuate To ofya Unopel va eivat 0 fyog (T.y. Pwvh R pousixy) enionc we ouvdpTNoTN Tou YEOVOU.
Ye uta exéva to ofjua unopel va eivat 1 o Tev EvtacT wg ouvdptnon g ¥éong ot éva eninedo.
Y éva ofua Bivieo aveldptnteg uetafSAntés eivar 1660 0 ypbdvog, 660 xat 1 Yo
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0.2

0.1

Yyhpa 2.1: ‘BEva ofjpa povourc didpxetag Ayo yeyalltepng and 0,1 sec.

Ta ofgata draxpivovionr oe cuveyn A dtaxpltd, av 1 ave€detntn HETABANTY elval cuveyig 1
Sraxprth avtiotorya. H aveZdptntn petaAnth elvar ouyvd o ypdbvog, Y’ autd ypdpoupe z(t) yio
T Téc evog auveyolc ofpatoc. o éva Saxpitd ofua ypdgouue x(n). Ta ofyata urnopel vo
elvot Tpar Yo TIXd 1) Ly odLxd.
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H evépyela evde ouveyoic ofjpatoc oto didotnua [a, b] opiletat we

b
/ |lz(t)|?dt.

Edv 1 evépyeia napapéver nenepacuévy dtav ta pia ToU BIAOTAPATOC EXTEIVOVTAL GTO GTELRO,
TOTE WAGUE Yol OUATA TETEPAUOUEVNE EVERYELAG,

T o)
Fa = lim ]a:(t)\th—/ (1) 2.
T—oo J_T

—00

OpfCeton eniong n yéon 1oy ic

‘Eva oo pmopel va eivon dmelpng evépyelag xat Temepaouévng toy0og, OTeS Yo Tapdderyyo
eva ofua pe otadepr] tur. Me avtiotoryo tpomo opiletar m evépyeta yior Sloxpltd oHUATO XAl
draxplvovTal Ot MEQITTMOEL TENEPATUEVNS EVERYELAS 1 1oYDOC.

IMopddevypa 2.1.1. To ofjua z(t) = cost eivar dnelpne evépyetac, ol nenepaouévne toy0oc.
pdrypartt

1 [T 1 [T 1 sin2T 1
P = lim — 2¢dt = lim — 1 20)dt = = + i ==. O
o Tl—rgoQT/_TCOS Tl—I>I;o4T/_T( Foos2t)dt =5+ lim =7 =0

Yy eneepyacio TRV ONUATOY Y pNotHoOToo0VTAL UETAOY A TIoRol TG aveddpTnTng UETOBAN-
. Mot anhd adhory? eivan 1 petatdnion z(t—1p), Tou oo ypdvo eivan a xaduotépnon (to > 0)
f wa mpondpevon (to < 0). Mio dAAn adhoy? eivan 1 avactpogh tou ypdvou, x(—t). Télog,
uropel va adddZer n xhigaxa tou ypdvou, z(at), nou onuaivel eite emtdyuvon (o > 1), eite
emBpdduvon (o < 1). Lto Tyhpo 2.2 didetonr v napdderyud TETOIWY ANy ®V.

‘Eva ouveyée ofua Yo ovoudletar teptodind, av undpyet Yetxd T', dote yio xdve ¢ vo 1oy bet

z(t) =x(t+T).

H pixpdtepn T tou T yia v onola oy Vel 1) tapandve oyéor ovoudleto Yeuehwdng neplodog.
[ Sraxprtd onjpata Yo €youpe yia xdve n

z(n) =z(n+ N)

xou opietan avtioTtorya N axépato Yepehwdng neplodog. Xto Xyfuo 2.3 didetar €va Tpnpa evog
01oEITol SloBIAoTATOL TEPLOBIX0) GHUATOG.

IMopdderypa 2.1.2. To ofjpa z(t) = 2cos(10t + 1) — sin(4t — 1) eivon neprodixd. Hpdypott
undpyet T', dote

2cos(10t + 1) —sin(4t — 1) = 2cos(10(t + 1) + 1) —sin(4(t + 1) — 1).
Apxel mpog t00T0 va undpyouv axépatot k xat [,0ote

107 = 2knw, 4T = 2ir.
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Syfua 2.2: Ave oplotepd 1 apyind onfpa. ‘Ave 8e€td : xaduotépnon Tou oNUATOC.

apIoTERd 1 avTIoTEoYY Tou yedvou. Kdtw 8edid : alloy?| xhipaxac tTou ypdvou.

4 I 4 4 4 4 4 4 4
Eyhua 2.3: Eva neptodixd ohpo exdvag 1600 0ptlovTio, 660 Xt XATAXOPUPA.
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[t epeom tng Yepeht@doug teptddou, apxel va tpocdloptotoly ot lxpdTtepot VeTixol axépolol
yia Toug onoloug oy el 1) mapandvw oyéon, dniadh k = 5,1 = 2. Apa

T():T['. |

‘Eva ouveyée mpaypatind exdetind oo opiletar og
x(t) = Ae™.
‘Eva ouveyée xadapd pavtaotixd exdetind ofjua opiletar we
z(t) = ce™ot,
To ofua autd elvar Teptodixd pe Yepehwdr nepiodo

2T

Ty = —.
* 7 Jwol

O ouvtekeothc ¢ unopel va elvar uyadixde aprdpog
c = Ae'.
Téte unopolye va ypddoupe
x(t) = A(cos(wot + ¢) + isin(wot + ¢)).

Tb6c0 10 mpayuatins, 660 %Al TO PAVTIACTING, UEPOS TOU UYadixo) OHUATOS Vol NUITOVOEIDES
ofua. To wpy ovopdleton ywviaxy cuyvoTnTa, and TNV oTola TEOXUTTEL 1) LY VOTNTA

_ wol
fO — o 3

pe povada pétenong to Hz, av o ypdvog petpdtan oe sec. Enopévwe 1 ouyvotnta eivor to
avtiotpogo tng mept6dou. To A opilel 1o TAdTOC TOU NUITOVOEBOUE GRUATOS, EVE) TO ¢ ovoudleTal
pdor tou ofpatoc. To mpayuatind xat 10 PavTaoTING Pépog Tou Wy adixod oRUATOS BAPEQOLY
Hovo we mpog N @don xatd w/2.

IMopaderypa 2.1.3. Y1c dneraxés TMAETXOVOVIEC NUITOVOELDY) GTUATO TOU BLAPEQOUY XATE TN
(pdon unopolv vo yenotponotnoly yio T UETAd0oT Ynplaxwy pnvuudtwy. o 4 dagopetind
unvouata (2 bits) urnopotv va yenotporomdoldv ta ofuata

k
Sk(t) = ACOS(WOt + ¢k)7 ¢k = gak = Oa 17 2737

TOU TUPLOTAVOVTAL YRAUPIXE 0T0 Lyfiua 2.4.

IMopdaderypa 2.1.4. Y1c ¢neraxés TAETXOVOVIES NUITOVOELDY) GTUATOL TOU BLUPEQOUY XATE TN
oUYVOTNTA YpnowlonotobyTal eniong Yo Tr UETadoar) Ynpraxwy pnvupdtwy. Ta 2 Sagopetind
unvouata (1 bit) unopody va yenotporomdoldv ta ouata

sk(t) = Acos(kwot), k=1,2
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Eyhuar 2.4: EAgota unvupd oy mou dtaxpivovtal ¢ Teog TN GAoT).
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Eyfo 2.5: LARATO UNVURATOY ToU BlaxpivovTal ¢ Tpog T ouyVOTNTd.
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Eyfua 2.6: Evo nuitovoeldéc onpa UEIOVUEVOL TAGTOUE Xal VAl DlaxpItd TRaYRATIXG EXVETING
orjua.
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OV TUELOTAVOVTAL Yeupixd oto Ly 2.5. [
Téhog opiletar 10 yeVind wryadind exdetind onpa

x(t) = celatiwo)t Ae® (cos(wot + @) + isin(wot + ¢)).

Y10 Uyfpa 2.6 apiotepd didetan To mpaypatixd wépog evog YeVixol pyodixol exdetinol ofuatog
pe o < 0.
Katd avtiotoryo tpémo opilovtar to exdetind xat NUITOVOELDY| DIaxpITd oot

® TRAYHATIXG EXVETIXNG GHUA
z(n) = Aa",

OTWE auT6 Tou BideTat oto Lo 2.6 dedLd.

e 7 4 4
o xalupd PavtaoTxd exVeTIiNG o

z(n) = Ae®e™0™ = A(cos(won + ¢) + isin(won + ¢)),

4 x 7 7 /
® YeVIXS mryadind exletind orjua

z(n) = Aa"(cos(won + @) + isin(won + ¢)),
Opiletan eniong 1o draxpitd povadiala xpousTixd ohya
1 n=0,
&m_{o n # 0.
To Braxptto oo povadialou Priuatog oplletar wg

1 n>=0,
um) =13 o <o

Avtiotoya opiletar 610 cuveyég nedlo o xpovoTxds naipog Dirac

d(t) =0,t #0,
€
lim [ o(7)dr =1.
e—0 J_.
To cuveyés ofjpa povadiaiov BAuatog opiletar wg

1 t>0,
Mﬂ_{0t<&

Xpnotponoldvtoag autd Tov oploud Unopolpe vo oplooupe éva ofuo otadephc povadlaiog Tung
xou Otdpxetag T'
p(t) = u(t) —u(t =T).
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2.2 votiuota

‘Eva cbotnua déyetal w¢ eloodo éva ofua xat didel wg andxplon €va povadixd ofga. Me tov
(Bto Tpémo mou Ta GuATA laxpivovTal GE GUVEYT Xat BIAXEITA Xot ToL CUGTAUATA Slaxplvovtol o€
oUYEYT %t dloxpITd.

To cuothuata Staxplvovtar o€ aUTE UE PVAUY Xat O aUTE Ywelc uvhun. Xta TeAeutaio 1)
andxpon e£apTdTon Wovo amd TNV Tpéyouca TR, 6nwe y(t) = 22(t). Evag adpolotic eivar éva
oboTnua pe uviun

® GUVEYEC

o draxpttod

—00
‘Eva cOotnuo ovopdletar aItiatod, av 1) dnoxpton eCupTdTal and TNV TEEYOVCH Xl TG Tol-
ceMdoloeg Tpés. AtagopeTtind ovopdletar pn artiatd. ‘Eva obotnue yopelc uviun eivor aittotd.
Artiatol enfong elvan ot 800 napandve adpoloTeg.
IMapddetypa 2.2.1. To axdrovdo chotnua yéong Tiunc dev elvor arttatd
1 n+N

y(n) = IN T 1 Z z(k). O

n—

‘Eva obotnuo ovoudletat ypovixd aueTdfAnTo av, ot nepintwon xaduotépnong tng e1o6dou,
1 ATOXEIOY) TOU TOPUUEVEL AUETABANTY W TEOG TIG TIHES Xat EYEL TNV (ot xaVUoTEENOT UE TNV
eloodo. Av dnhadh n andxpior oto ofua x(t) elvar y(t), téte N andxpron oto ofua z(t — 7) Yo
elvar y(t — 7).

IMopdderypa 2.2.2. To olotnpa pe oyéon eobdou e€6dou y(n) = nx(n) dev eivar ypovixd
opetdBinto. O

‘Eva obotnua ovopdletal Ypouutxo, av, xol povo av, 1 andxplon o xdde ypouuxd cuv-
dLUoHO OMUATWY El0OBOL Elval 0 (B¢ YRAUWIXOS CUYBLACUOS TWV AVTIGTOIY WY AToXPloEWY.
Anhadh, oty TERITTWON TWY GLVEXMY CUCTALATOY, 1) andxplon 010 ofua a121(t) + asza(t) Yo
eivar ary1 (t) + agya(t) yia x&de aq, as.

IMopdderypa 2.2.3. To olotnua pe oyéon etobdou e€60u y(t) = ax(t)+ 5 dev elvar ypaupuxo.
pdrypartt

a1y1(t) + agy2(t) = a1 (az1(t) + B) + az(axa(t) + B) = a(arz1(t) + agxa(t)) + Bar +a2). O

‘Eva obotnua ovopdletar evotadée, av 1 anoxptor o€ xdde ppayuévrn elcodo eivor gpayuévy,.
Anhadh av |z(t)] < oo, téte D eivon enione |y(t)| < oo.

‘Eva cbotnua ovoudletal avtioteédipo, av umdpyel oUoTNUA TETOIO WOTE VO DEYETUL WS
eloodo NV andxplon Tou apyixol xat va Bidet we €€0bo TNV apytxy elcodo, Tou eivar LGoBHVaUOo
HE TNV IDOTNTA Yol SLlapopETIXES EI6OBOUE vor AauBdvovTat StapopeTixég €€odot, dNhady) var undpyer
€vo Tpog €V AVTIOTOIYION TV ONUATKY €16080U-eE600U.
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2.3 Tpopuixd xot xpovixd AUETIBANTA CUCTHLAT
Yy nepintwon mou 1 andxplon evog Yeaupixol GUCTALNTOS Eival Ypovixd aueTdBAnTy, TOTE 1)
oyéom e10660V-e£600v, Yo éva Blaxplté ovoTa, YiveTat
y(n)= > hn—k)z(k)
k=—00

Mropel xaveic ebxola va Samtotdhoet d1t h(n) elvon 1 andxpion Tou cUGTALATOS GTNV axohoudio
d(n). IV autd 1o héyo ovoudletar xpousTixy| andXpion TOU CUCTAUATOC.
IMapddetypa 2.3.1. H xpouotiny andxpion evdg cuothgatog ivat

h(n) = u(n + 2)

Xt TO 0N EIGGO0U

7 s/ 4
H andxplon tou ouothuatog Yo elvat

y(n) = f: w(n -k +2) @) P <;> )

k=—o00

y(n) = ki <;>ku(n) —9 (1 - G)nﬂ) u(n).

H andxpion naptotdvetor ypagpixd oto Xy 2.7(a). O

>~ O

0.35

22— m e —m - g — Pl SR R SR B

L 0.3f

| oask

0.2

0.15

0.1f
0.5

Eyhuo 2.7: H andxpion tou cuotiuatog Twv tapaderyudtoy 2.3.1 xou 2.3.4.

IMapaderypa 2.3.2. H xpovotuxh andxpior evog cuoThRuaTog elva

h(n) = a"u(n),|a| < 1
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14 4 4 14 7.
xo to ofua et06dou u(n). H andxpion tou cuothuatog Yo eivar

[e'e) 1 _ n+1
y(n) = kz_: u(k)a™ Fu(n Za u(n 1 ila u(n).
IMopdderypa 2.3.3. H cuvéhln tou draxprtol ofipatoc a™u(n) ye to idio eiva
y(n) = Z aFu(k)a™ *u(n Za u(n) = (n+1)a"u(n). O
k=—o00

Yy neplntwon evég ouveyolg ouoThpatog Yo €youye
y(t) = / h(t — 7)x(T)dr

Kot oe auth v tepintwon 1 h(t) Ya etvor 1 xpovotixt| andxpton tou cuothpatos. H npdln nou
0idel v andxplon ovoydletar ouUVENEY, elte mpoxeLTaL Yol Saxpltd ) Yiol cUVEYES oVATHUAL.
IMapddetypa 2.3.4. H xpovotixh) andxplon evog cuothpatos eivar

h(t) = e 3tu(t)

Xt TO 0N EIGGO0U
z(t) = u(t —3) —u(t —5).

4 4 7
H andxplon tou ouothuatog Yo elvar

Onéte VYo npénet va draxpivoude TpEIC TEQINTOOEL Yol To t.

o Nt <3
y(t) = 0.

e Naud<tLh .
y(t) :/ e 3" gdr =
3

Wl

e N b <t

(1 — 6_3(t_3)) .
1

5
y(t) = / e 3= dr = §673t(615 — ).
3

H anédxpion napotdvetar ypopixd oto Lyfua 2.7(8). O
H cuvénén éxet v avtipetadetua) itdtnta. ‘Apa toybet exiong

> h(k)x(n -

k=—o0

H cuvehin €yel xat Ty npoceTatplo Ty 1OTNTA, TOY GTUAVEL 6Tt 800 CUGTARAT OTY) GELRY LGO-
duUVaUOLY PE Eva aGOTIUO UE XPOUOTIXY amdXpLaT] TN GUVENEY TV 800 aVTIGTOL(WY XPOUCTIXGY
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anoxploswv. H ouvéh&n éyet enlong Ty enPEQLOTIXT LOIOTNTA, TOU CUAIVEL TS AV 800 CUCTAUAUTA
yenowonomioly napdAinha, ue Ty dia elcodo, xor uneptedoly ot dlo é€odot, elvat Tautéonuo W

évo 60O TNUA TOL 0ToloU 1) XPOUGTIXT AdXEIoT Elval TO GUpoIoUa T®V BUO XPOUCTIXGY ATOXE{CEWY.
To oudétepo otoyeio g cUVENENS efval Yia Ta GUVEYT ORUATA O XPOLGTIXGS Tahude Dirac

h(t) = /00 h(T)é(t — 7)dr.

—00

Avtiototya to govadiala xpouoTind orjua eival 1o 0LBETEPO GTOLYElD TNS GUVEMENS Yia Dlaxpltd
ofjuata
(e 9]
h(n) =Y h(k)s(n— k).
k=—o00

‘Onwg éxet avagepiel éva obotnua ovoudletor aUTIaHTd, AV 1) ATOXEIOT ENETAUL YPOVIXA NS
ei06d0v. H ouviixn yio va elvor autiatd éva obotnua unopel vo dodel yia v xpouoTixy Tou
anoxpton. Ou eiva

e v T0 ouveyéc h(t) = 0,Vt <0,
e xat Yyt to draxpttd h(n) = 0,Vn < 0.

‘Eva olotnpo ovoudletat evotadée, av yia pa gpaypévy eloodo (|z(n)| < oo, Vn), n €€odog
elvar ppaypévn (ly(n)] < oco,Vn). Autéd iooduvapel e v Onapln tou axérovdou adpoicpatog

[e o]

> Jh(n)] < oo.

n=—oo
Mpdrypartt, Yo €youue

[e.9] o0

ly(m)l < Y h(n)a(n —n')| < max|z(n)] Y |h(n)] < oo.

n/=—o00 n/=—o0

Loy et xar to avtiotpogo, dnhadr)  cuvixn dnapéng Tou napandve avpolopatog eivor avayxaio
Yo v evotdieia. Apxel Yewpriooupue o ofua e166dou 1o x(n) = sign (h(n)). Téote Yo éyovue

o0 [e.o]

y(0)| = > sign (h(n))h(n) = Y [h(n)] < oo.

n=—oo n=—oo

Me avtiotoryo tpémno opiletar 1 evotdieia evog ouveyolg cuoThdatog. Ondte xavi xon avaryxolo
ouvifxn Y T evotddeta eivou
o0
/ Ih(t)]dt < oo,
—0o0
Suyvd éva Ypouixd yeovixd aUeTABANTO xot aTlotd VTN TEPIYpdpeTal and o eélowaon
BLapopddy,

N M
> alk)y(n —k) =Y b(k)z(n — k).
k=0 k=0
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Avtiototyo unopel va UTdEYEL Yol TA GUVEYT, CUOTAUATO PO TEPLYPUQT UECK WS YEUUMXAS
drapoptxhic elowong,

S a LU0 _ 5y L2l)
k=0

dtk dtk
k=0

/7

IMopdderypa 2.3.5. Ag Yewproouue wa e&iowarn dagopmdy TpdTng T4Eng
y(n) = ay(n = 1) +2(n), n =0, y(=1)=yo.

Hpdxertar yia yror avadpoutxy| oyéon nou Yo ddoet

n

y(n) = Z a" *x(k) + a"y,.
k=0

Enoyéveg 1 egioworn dtagopndy Vo divel T oyéor €10600u-e£600U £VOC Ypovind aUeETABANTOU
YEUPUIXOU GUOTALITOS, av 1) apyixh cuviixn elvarl undevixy yo = 0. Ondte Vo mdpoupe Ny
APOUGTIXY] ATOXPLOT TOU GUGTAULATOS

h(n) =

a® n>=0
0 n<0

To obotnua autéd eivar eniong arttatd xar Yo efvar evotadée av |a| < 1.

24



