Kegpdhawo 5

Yuoyetloelg xau Pocuatineg
ITuxvotnTeg

Y10 nponyoluevo Kegdhouo, yvopicaue to Metaoynuationd Fourier xat tic omoudaieg wbi6tntég tou, xardaeg
o TN YenooTnTd tou oty avdivon I'XA cuotnudtwy. ‘Onwe eldaye, o Metaoy. Fourier pog anoxolintel
UG QaouUaTikés cUVIOTWOoES EVOC ofuatog, evépyetas B toyboc. ‘Ouwe xou ot oyéoelc yetald onudtwy elvar to
B0 onuavtixée ye ta ofuate autd xad autd. Xto mEdlo Tou YPbVOoU, Ol OYECEC AUTEC AMOXUAUTTOVTOL amd TN
HEAETN TV meplpnuey Yuraptiioewy Xvoxénions - Correlation Functions, eveéd oto medlo tng ouyvdnroc, ol
petaoynuotiopol Fourier toug, ol heybuevee Paouatikés Ivkvotntes - Spectral Densities avohoufBdvouy vo pog
TANEOYORENHOOLY YId TNV KaTavoun TS eVEpYelds 1) TS Loy og eVEC CHUATOC ave CUYVOTNTES.

5.1 M uixen egappoyr - xivnteo

Ac dewpriooupe éva unyoviopd aviyvevone otdyou (radar), émou oxomde tou elvon vor oviyvedoet évay mdavod
0160 GTEAVOVTAG TPOG AUTOV €val ofjud. AV 0 GTOY0¢ Elval TPV, TO ORUA AVTAVOXAETAL OE AUTOV ol ETLO TREQEL
oTOV TouTd, eV av OyL, 0 Tounos haufdver uévo dopufo. H mopouvsio § n amousia Tou avoxhwuevou crpatog
emBePoucdvel v mopousio 1 TNy anovsia tou atéyou. To xplowo mEoPinua oe autyh TN Bladixacla etvan 1 avi-
YVEUGT] TOU OVOXAWUEVOL GHpaToc. Puoxd, To avoxh@uevo o tou hauBdvetor €yet ahhotwiel o e€aoievrioel
coPapd AMoyw andoTaone xo Yoplfou tou neptBdAlovTtog. Xe Wia TETo TepInTWoT), 1 TEdEN TNS CUCYETIONE TOU
AnpOévtog ofatog pe to apyxd unopel va poc Bondnioer onpovtixd!

Apywd, ac e&nyfoouue daiodntikd nae yivetow 1 aviyveuon tou orpatoc ye Yperon tne cucyétione. Metpwvtag
™ yeovix) xaduc tépnon Yetalh Tou CHUATOC oV G TIAUNXE Xou aUTOL Tou Ay, UTopolUE Vo Teocdloplcouue
v andotaoy tou 6tdyou. ‘Eotw dTL 1o ofjpa tou otéddnxe eivor o x(t) xon avtd Tou el eivor To Y(t), dTwe
neprypdpovian 6to Lyfua 5.1} 6mou yia héyoug amhétntag éxouue Yewprioer bt o Angiév ofua Sev éxel elacie-
vhoel 1) ahhotwdel Adyw tng SiEAeuchc Tou Yoo amd to xavdhl petddoong. 1lde Yo propodoope va cuyxpivouue
o duo onuarte; Oo unopoloe Vo TEOTEVEL XOVELS Vol EQUPUOCOUNE [l GYECT TPOPOANS TOU EVOC GHUATOC GTO
GAho, 6TWE GTOUC OAOXANEWTXOVE UETAOY NUATIONOVC. Ac Tpofdiloupe To AngUéy orfua endve 6To exmep@UEy,
g

ety = [ et (5.1

t61e TO amotéheopa Yo Aoy UNdEV, AOYw Tou OTL Ta duo CrpaTa elvon Wn UNBEVIXG oE BLUQOPETIXE YPOVIXd
dtaoTiota. IV autd xou yenolloTololue piol SLpopeTIXY] OYEaT, AUTY TNS CLVAETNONS OUOXETIONS TOU GHUATOS
y(t) pe to ofua x(t), n onola oplleton we

6yo(T) = / T )t + )t (5.2)

— 00

6mou PAENETE OTL UETOXWVOUUE TO exTepTOUEVO ofua x(t) yio xdde Suvath ypovixd| yetotémon 7. BAénete 6
cuoyétion elvon cuvdpTNoT ToL Yebvou T. Av Yyl xdnoto T (Tou eivar ot didpopee xaducteproelc Tou ofjuotoc (1))
napatnendel woyver cuoyétion (Tou onualvel HEYIAN TIWY W ATOTEAECUA TOU ONOXANPMUATOS), BEV aviyvedeTal
HOVOo 7 Tapousior ToU GHUUTOS GANG X0l 1) GYETXY Ypovixh peTotonion Tou z(t) ot oyéon pe to y(t). ‘Etol, byt pévo
HeTEdUE TNV Tapousio evOC GTOYOU ahAd xan TNV andcTacY Tou and T Yéomn avagopds. To teleutaio yedgnuo
Tou Uy NuoTog Oelyvel To anotéheopa TG CUCYETIONG.
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Yyfua 5.1: Exrteundpevo kar Anplév onua oe éva radar.

5.2 Yuoyetioeslg

Ou cuoyetioeic pmopolv va Ywelo o0V GE BUO XATNYOPIES: TNV AV TOCUCYETION X0l TNV ETEROCUCYETLO
onudtwy. Ao Eexvhcoupe TN UEAETN TwV cuoyetioewy oo nedlo Tou ypdvou, e€etdlovtoc apyixd Tn CUOYETION
TEPI0OIKAY CNUATOVY, YEVIXEVOVTOS GTH GUVEYELXL YLl CTLATOL 10X TG, X0 ONOXANPWVOVTAS UE CHUATA €VEPYEIas.

5.2.1 Avutocucyétion

H autoouoyétion opileton w¢ 1 npdén ouoyétiong evog ofjuartos z(t) Ue Tov eautd Tou, xou pog divel TAnpogopia
mou oyetileton Ye TN UETUPOAT TNS AUTO-0U0I6TNTAS TOU GRHUATOS CUVAPTHOEL TOU YPOVOU.

5.2.1.1 IIeplodixr} AuTOCUCYETION
I teplodund onpata pe neplodo 1o, 1 autocucyétion oplleton 6

1

¢m(7-) = ?O

/ (Ot +7)dt (5.3)

I'vopiCoupe dpwe 6Tl éva teplodixnd orjua uropel vo avamtuydel oe Yewpd Fourier w¢

“+oo
a(t) = Y Xpel?mhho! (5.4)

k=—o0

ue fo = T% N YeeldING oLy voTNTA TOL ohUaToC. AV avTixaTao TACOLUE TN Xyéom |b o Xyéon 1} gyoupe

1 = , « o I ,
0o = [ (X et (30 e )ay (5.5)
To

k=—00 l=—00

+oo +oo
1 ( . . )
_ X*e—]27rkf0t)( XleﬂwlfotejZTrlfm-)dt 5.6
7 ), (2 X > (56)

k=—o0 l=—00
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+oo too

_ 1 ( 3 XpXe T 3T X;Xlejz’”f”ej%(l’k)f“t)dt (5.7)
To Jry N 22 k#l=—00
1, &= , = , ,

- 7( 3 XpXpe o [ gy S X,:Xleﬂ”lf(”/ eﬂﬂl_k)fotdt) (5.8)
To k=—o0 To kAl=——oo To
1 ¥ . = , .

:7(T0 Z |Xk‘26127rkf07+ Z X;:Xlej%rlfor/ ey27r(l—/€)fotdt) (59)
L\ =, kAl=—oc0 To

O dedtepoc bpoc e Tapamdve oyéone loolton Ye UNdEV, Aoyw tTne Yvwothc (théov) oyéone tne opoywwdtntog

TV onudtey E = {ef2mkfotytoe

. 0, l#k
/ eI2mh=Dfot gt = (5.10)
To To, l=k
Apa tehixd
+oo )
Go(r) = D |Xy|2ed?mHIT (5.11)
k=—o0

H nopomdve oyéon yac mhnpogopel 6TL av To avdntuypa oe Melpd Fourier evog meplodixol orjpatog e mepiodo
Ty éyel ouvieheotéc Fourier Xy, téte 1 neplodxr] autocucyétion tou ofuatog elvon eniong neplodixy| ye v (Bl
neplodo o progel va avamtuydel oe Tepd Fourier pe ouvteheotée |Xi|2. Metatpénovtac auth tn oyéon o
exdetnr| Xewpd Fourier, éyouue ot

+oo
¢2(7) = | Xo|* + 2> |Xi|* cos(2mk for) (5.12)
k=1

Mapatneiote 6t av oL cuvteheotéc Fourier tou meptodxol ofuatoc (xou dpo xon To opyxd Teptodind orjua)
elyav xdmola gdcT ¢y, ONA. '
X, = | Xp|eo* (5.13)

1) TEPLOBIXT] AUTOCLOYETION TOL oYuaTog Oev mepthauBdvel auth TN @domn otoug cuvteieotéc Fourier tne. Mno-
poVUE Aoudy var ToUPE 6Tt 1) autoocuoyétion eivon “‘tugh”’ (phase-blind) éoov agopd 1 (pdon tou mEELOBIXOY
ofuaTog, agol 1 TANpoYoplo PAoNE TOL MEELOOXO) GHUATOS YAVETAUL dlot TAVTOC.

Ac¢ Bolpe éva mapddelypo UTOAOYIoUOU TNE TERLOBLXTE aUTOCUCYETIONS, OToU Paiveton Eexddapo xau 1 Topand-
V& BLOTNTAL

ITopddetypo 5.1:

Bpelte tnv neplodixy auTocuoYETION TOLU ONUATOG

x(t) = Acos(2m fot — 6) (5.14)
Abon:
Ano Tov oploud, €youpe
(1) = 1 z(t)z(t + 7)dt = 1 A cos(2m fot — 0)Acos(2m fo(t + 7) — 0)dt (5.15)

To Jr, To Jr,
A2

= — [ cos(2m fot — 0) cos(2 fot + 27 for — 0)dt (5.16)
TO T()
A? 1 1

=T N (5 cos(4m fot + 2w for — 20) + 3 cos(—27rf07'))dt (5.17)

A2 1 1
- ?0( /T (5 cos(a fot +2m for — 20)dt + 5 cos(2n for) /T 0 dt) (5.18)
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A2, (1 1
- —( = cos(4r fot + 2 for — 20)dt + =Ty cos(2r fOT)) (5.19)
TO TO 2 2

OTO YENOLWOTOWOUUE TNV TOUTOTNTA
1 1
cos(a) cos(b) = 5 cos(a +b) + 3 cos(a — b) (5.20)

O mpdtoc dpoc e Lyéone (5.19) woobtan ye undév, we ohoxAfpwua Nutdvou oe pio teplodo. ‘Apa TEAXd

Ga(T) = A? cos(27 foT) (5.21)

Ta Suo crpata gatvovton 610 Myrua IMopatnerote 6TL 1 oy @dorn —60 de datneeiton 6to amoTéAeoua

X(t) = Acos(2mtfot - 6)

Syhua 5.2: Ilepodixrj avtoovoxétion nuitévov x(t) = A cos(2m fot — ).

e autoouoyétione. llpocédte ot 1 teplodiny) auToGUGYETION TPOVGLALEL TIEPLOBXE HEYLOTOL XoU EAGYLOTAL, OTWG
oxeBOC 1 Lopet tou cos(2m foT). Autd onualver btL To Teplodind ofua z(t) €xel UEYLOTN OUOLOTNTA YE TOV ‘‘Ue-
Tatonouévo”’ xatd t = T gauTé Tou TIC Ypovréc oTiyuéc t = kTp, k € Z. Avtideta, to nepodnd ofua z(t) éxel
ENGYLOTY) OPOLOTNTA Y| €VTEADS avTidetn puopr) Ue To “UETATOTUOPEVD OTd t = T €QUTSH TOU TIC YPOVIXES OTLYUES
t= k% Avuto emPBefoudvetan axpiBne omd TN dwiodnor pag.

Ernlong, 1o apyixd neptodixd ofua avantiooeton oe Xelpd Fourier we
A —j6 g2 fot A j0 —j27 fot j27 fot * _—j2m fot
x(t) = Acos(2m fot — 0) = 3¢ I elemio —|—§6] e Aot = X el ot - XTem om0 (5.22)

%o Gpat ol cuVTEAESTEC TOU Elvol

X, = 5e‘ﬂ'¢ (5.23)
A
Xr= 5ej‘f’ (5.24)
H avtocuoyétion avantiooeton o Melpd Fourier we
A2 A2 . A2 . ;
¢ () = D) cos(2m foT) = Tej%foT + Ieﬁ%f‘” = X4,/ 4 leeﬂ%fw (5.25)

IMopoatnerote 6TL mpdypott

X¢1 = |X1|2 (526)
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X3, = X7 (5.27)

5.2.1.2 Avutoocuoyétion Inpdteyv Ioybog

H évvoia tng autocuoyétione umopel va yevixeudel yio orjuota 1oy 0og o¢

Gu(r) = Tim — / o (O)a(t + 7)dt (5.28)

T—+o00 2T [_p

pe T wor onolodAnote T Ypovixol S TARNTOS, Yiot Z(t) yodixd, EVE Yiol TEAYHOTIXE CHUNTO O OploUos
TpomoTnoLelTon K¢
1 T

= lim — t)x(t dt 5.29

0a(r) = lim 5z [ altgat+o) (529

H 8wadixacio utohoylopod tng autocusYETIONG ONUATWY LoYVOC EXEL HEYTAES OUOLOTNTES UE TOV UTOAOYIOUO

e GUVEMENG - Oyt Tuyala, Aol Tor Buo oAoxANEUoTe Hotdlouy. Ag¢ UTOAOYIGOUUE TNV AUTOCUGYETION SUO TOAD
YVOOTOV Yo ONUATWY Loy Vog.

ITopddetypo 5.2:

Na Bpedel 1 autoouoyétion tou ohjpatog e Prpatxic ouvdptnone z(t) = u(t).

Abor:
Koartaoxeudlovtac 1o petatoniopévo ofpa Oo meénel vo dlaxplVoulE TIC TEQLTTAOELS Yiol TIC THWES TOU T, OTWE 6TO

Sy 33. Dy miepintoon (o) tou Syfuarog [5.3] woydet 1t —1 < 0 = 7 > 0. Téte

T A ' T
| |
| |
u(t+t) 1
(@ : :
| ; u(t) |
| ' |
[ > [
| ' |
| : |
| ' | -
: T 0 : t
| |
| A |
| |
I u(t+t) I
® o G :
I H I
I H |
| — |
I : I
I H I
| : | o
| 0 -T : "t
Syhue 5.3: Iepintddoes otor vnodoyiopd tng avtoovoxétions tov x(t) = u(t).
1T 1T
Oe (1) = Tngrrloo o7 [T x(t)x(t + 7)dt = Tngrrloo oT [T u(t)u(t + 7)dt (5.30)
N 111
=l ap [ 0= ars =) (5:31)
AvtioTowya, v Ty mepintwon (B), wydel 6t —7 > 0= 7 < 0. Téte
S S
bulr) = i /_T e(t)e(t+ )l = T oo /_T w(tyu(t + 7)dt (5.32)
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1" 1 1
_TETOOT/;T dt_TEI}rlooﬁ(T+T) a 5 (533)
Apo el
1
O (1) = 3 s (5.34)

IMapoatneriote étL 1 auto-opotétnta g z(t) = u(t) de yetofdiieton ye TV ndpodo tou ypévou!

ITopddetypo 5.3:

Na Bpedel 1 autoouoyétion Tou GhpaTog NG cuVdETNoNG Teoshuou x(t) = sgn(t).

Abon:
Kotaoxevdlovtog 10 HeTatoniopévo ofjue Oa Teénel var SLaxplVOUUE TIC TEPLTTWOELS VLol TG TWES TOU T, OTWE OTO
Syfua 55. T v mepintwon (o) tou Tyfuarog b4 woyter 6t —7 < 0 = 7 > 0. Tére

T A T
| |
: sgn(t+t) 1 :
(o) | : sgn(t) T
| ' > |
| ' |
; = 0 ; g
| ' |
| s |
[ -1 [
[ [
| |
| A |
[ [
I (t) sgn(t+T1) :
[ sgn
® 15 : .
I : |
[ > !
| H | >
| 0 T | "t
| ' |
| : I
[
: -1 !
Eyfue 5.4: Ilepintcdoerg otor vnodoyopd tng avtoovoxétiong tov x(t) = sgn(t).
I I
¢ (1) = TEIEOO o7 /_T z(t)z(t + 7)dt = TEIEM T /_T sgn(t)sgn(t + 7)dt (5.35)

Jim 1(/_7(—1)2dt+/_0 (—1)dt+/0Tdt> — lim %(—2T+T):1 (5.36)

T—~4oc0

AvtioTtowo, v v meplntwon (B), woyder ét —7 > 0 = 7 < 0. Téte ye bpolo axpBve teéno (Sellte Tol)
TEOXUTNEL OTL

$2(7) =1 (5.37)

Apa TEMUS,
Gu(T)=1 Vr (5.38)

IMapatnerote dtL 1 €8¢ 1 avto-opoldTnta Tou ofuotoc x(t) = sgn(t) e petoPdileton pe Ty Tdpodo tou yedvoul

5.2.1.3 Avutoocuoyétion Inudteyv Evépyeiag

Télog, 1 AUTOCUCYETION ULYaBIXDY oNUdTKY evépyelac oplleTal we

+o00
o (1) = / 2 (t)z(t + 7)dt (5.39)

— 00
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EVO YloL TROYUOTIXG oHpaTa, €xoude TNy (Bla oyéon ywele ouluyio:

+oo

¢z (T) = / x(t)x(t + 7)dt (5.40)
— 00

Me yiot TpdTr avay VeoY) TwV TUpAndve oyYEoewy, olyoupa €YeTe TOPUTNENOEL OTL 1] AUTOCUCYETION EVOC OYUTOC

evépyetag poldlel mTohd Ue TN CUVENEY TOU GHUNTOC EVERYELNG UE TOV EAUTO Tou. XLUvtopa Yo dolue TN oyéon

nou Tic ouvdéel. Ilpog To mapdy ag Bodue Eva TUEEBELYUO UTOAOYIOHOU AUTOCGUCYETIONG EVOC TOAD YVWGTOU UoC

OHUATOC.

ITopdderyuo 5.4:

TroloyloTe TNV AUTOGUGYETION TOLV CYHUATOG

x(t) = Arect(%) (5.41)

Abon:
To ohoxAfipwua TS AUTOCLOYETIONG Tepthaufdver o ofjpa (t + T), ToU AmOTEAEL YLl HETATOTLON TOU ONUATOC
x(t) xatd 7. H petatdmorn auth unopel va elvon Yetind i opvntind], 6mwe xou o1n cuvéhén. Eyouvue howdy Tig
oaxdhoudec Tepintioels Tou Ly huotoc .5l T v nepintwon (o), Yo €xoupe

¢2(7) =0 (5.42)
10 onolo oylel yia
T T
—T+5<—§<:>T>T (5.43)
T v mepintwon (B), elvon
+oo —T+3 -m+Z
ba(7) :/ z(t)x(t + 7)dt = / ) A%dt = A%t . = A*T — A*r (5.44)
—o0 -5 2
0 onolo oylel yio
+T> r T< T(:>O< <T (5.45)
Ty zogx - T g 5 T < .

Yt ovvéyela, oty Tepintwon (), Exoupe

+o00 % zZ
bo(T) = / z(t)x(t + 7)dt = / A?dt = A%} ’ = AT + A7 (5.46)
—o0 -7 T3
10 omolo woyleL Yl
T T _ T
7T*§<5%O(L*T+52§<:>*T§TSO (5.47)
EVO Yo TNy epinteon (3) eivon Tpogavée Gt
$2(7) =0 (5.48)
yiat
T T
—T—=> <7< -T (5.49)
2 2
Suvohxd, 1 autocuoyéTion Tou ohpatos x(t) = Arect(%) etvou
0, T<-Txu1>T 0, T<=Txut>T
¢2(T) = A2(T+71), -T<7<0 =3 A2T(1+7%), -T<7<0 (5.50)

AT —71), 0<7<T AT1-%), 0<7<T
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[ Arect((t+T1)/T) 1 Arect(t/T)
/2 T 0 T2 "t
A
(®) . R
<T1/2 T/2 w+T/2|0 2 >
A
A
v) i P i
-f/z 0 -r-f/2 f/z -T+T/2 "t
A
(6) : A . :
172 0 T2 <1/2 "t

Syfua 5.5: Ilepintddoeis otov vrodoyioud tng avtoovoxétions tov z(t) = Arect(%).

To napandve oo dev etvor xavéva GAAO amd TO YVWOTO HoG TELYwvxd Tohud! ‘Apa
o (1) = Athri<%) (5.51)

Topotneriote 6T 1 avto-opotdtnta tou (1) avidvel oto ddotnua [—T, 0], pTdvovtac oe péyioTn th yoo 7 = 0,
279

6to to ofpa z(t) ouunintel pe ) petotomopévy “éxdoon” tou z(t + 7). T 7 = 0, 1 autocucyETION YPdPETIL

[GlS
—+oo

“+o00
2 (0) = / x(t)x(tJrT)]T:Odt: / 22(t)dt = B, (5.52)

— 00 —0o0

Tou efvan 1 evépyela Tou ofpatoc () Autd elvon pior yevid idtnta e avtoousyétione xat Yo T Solue xou
TopPaxdTw, 6Tay Yo avapepBolue ot xdmoleg YeNOWES WLOTNTES TwV cuoyeTioewy. Ml
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5.2.2 Ezepoocuoyétion

H etepocuoyétion opileton we 1 mpdln cuoyétione duo onudtwy z(t), y(t), xou poc diver mhnpogopla mou
oyetileton ye v opodTnta tou (t) pe 1o y(t) cuvapthoet tou ypdévou. Ilpénel va toviotel €€ apyfic 6Tt 1 TEdEN
NC TEPOCUOYETIONG eV elvor avTeTade TNy, OTWS aUTY NG auTocuoyETiong. o topddelypa, 1) eTepocUoyETION
Tou z(t) pe to y(t) dev eivan ev yéver (Bl cuvdptnon pe v etepocuoyétion tou y(t) pe to x(t). Lodvtopa Yo
Bo0UE QUTEC TIC AETTOUEPELES.

5.2.2.1 [Ileprodxr} EtepocuoyeTion

It meplodnd orjpoto pe xowt| tepiodo Ty, N neplodixny| ETEPOCUGYETION Pay (T) TwV onudtwy z(t), y(t) opileton

e
1

Pay (1) = To

/ z*(E)y(t + 7)dt (5.53)
To
£V 1) TEELOBIXT ETEPOCUGYETION Gyy (T), opileTon e

1

Py ()= ?0

/ y*()x(t+ 7)dt (5.54)
To
pe ) ouluyio va Tapokeineton dtay Tor oot Eivorn TEOY LOTIXG.

Axohov®VTaC YO0 OXETTIXG UE TNV AUTOCUCYETION TEQLOBIXOY ONUATWY, UToEoVUE Vo avamTOEOUUE To HUO
ofjpata o Xelpd Fourier wg

+o00 _ ~+o00 )
x(t) = Z X ed2mhlot (1) = Z Y, el2mkfot (5.55)
k=—oc0 k=—oc0

Me avtxatdotoon twv Lyéoewv (5.55) otic Eyéoec (5.53l5.54) uropolue va e€dyouye oyéoelc e oaUTES Yia
v autoouoyétion. Oo delfovue aqUEcLE TOC AVATTOCCETOL 7] ETEPOCUCYETION @y (T) o Meipd Fourier, eved o
VoY VOO NG UTopel v e€dyel T avtio oy oYEoT) VLol TNV ETEPOCUCYETION Gy (T).

‘Eyouye

+00 +o0
1 . * )
¢$y(7—) _ ?O/ ( Z Xk6j27rkf0t) ( Z Y26]27rlfo(t+~r))dt (556)
To

k=—oc0 l=—00

1 = , = , ,

_ ( X]:e—jQTrkfot) ( Yleﬂwlfotejznzf(w)dt (5.57)
To To k:z—oo l;oo
1 +oo ) +o0o . ]

_ = ( Z X]:Yke]%rkfo‘r + Z X;Y'lej%rlfo‘re]%r(l—k)fot)dt (558)
To Jry N 2= kAl=— o0
1 +oo ) +o0 ) )

- 7( > X;Ykeﬂ“kf”/ dt+ Y X;;YleﬂﬂfOT/ eﬂ”(l*’“)fﬂtdt) (5.59)
To\ = To kAl——o0 To

xan Eovd Moy e Lyéone (5.10), o dedtepoc dpoc tne mapamdve oyéone undevileton. Ondte ev télel

+oo
Gay(T) = Y XYypel 2o (5.60)

k=—o00
KotoahhZope hottdv 61t av duo Teptodixd, pe tny idia teplodo, ofjuata z(t), y(t) éxouv cuvieheotéc Fourier Xy, Yy,
téte 1 etepocuayétion tou z(t) e to y(t) unopel va avantuyVel o Xewpd Fourier ye ouvteleotéc X} Y.
5.2.2.2 E=zepoocuoyétion Ynudtwyv Ioybvog

Tevixdtepa, yior oot Loy oG 1) ETEPOCUOYETION ¢y (T) TwV onudtwy z(t), y(t) oplleta wg

1 T
Gay(T) = TETOO oT /T o ()y(t + 7)dt (5.61)
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EVE 1) ETEPOCUOYETION Pya (T), 0pileTan ¢

1 T
d)yx (7') = TEIEOO ﬁ /T y* (t)x(t + T)dt (5_62)

pe N ouluylo va mopokeineton 6Tay Tor oRUOTA EVOL TIEOYUOLTIXGL.

Ac Bolpe évo Topdderyua UTOMOYIOHOU ETEPOCUOYETIONS BUO TOAD YVWOTOV oNpdtwy Loy Vo ntou eidope Ee-
XweoTd vopltepa, e Brpatixfc ocuvdptnone z(t) = u(t) xou e ouvdptnone tpochiuou, y(t) = sgn(t).

ITopdderypa 5.5:

TroloYIOTE TNV ETEPOCUCYETION Py (T) TwV oNudtev z(t) = sgn(t) xou y(t) = u(t).

Abon:
Kataoxevdlovtag 1o petatomiopévo ohpa Oo TeEnel vo Slaxelvoule TIC TEQLITOOELS Yio TIC TWES TOU T, OTWE GTO
Sy 5.6l Tiow v nepintwon (o) Tou LyApatog woylel 61t —7 < 0 =7 > 0. Téte

-T A T
| |
: u(t+t) 1 '

() | : sgn(t) |
| —> |
| : |
| : |
| T 0 | "t
[ [
[ [
[ [
[ [
| [
| -1 |
| |
[ [
| |
I A I
| |
! sgn(t) u(t+r) !

® 1 : |
| H |
| —> |
| H |
| H |
| : l >
| 0 -T | t
| |
[ [
[ [
[ [
| [
| -1 [
[ [

Eyfue 5.6: ITepintddoes otor vnodoyioud tng etepoouvoyétions tov x(t) = sgn(t) pe o y(t) = u(t).

] 1 T . 1 0 T
uy(T) = Tgrfmﬁ/T 2(t)y(t + 7)dt = Tgrfooﬁ(— /4dt+/0 dt) (5.63)
) 1 0 T 1
= dm (= vt ) =3 (5.64)

eV Yo Ty mepintwon (B) tou Blou oyfuatoc, woylel 6L —7 > 0 =7 < 0, xou T61E

.17 .17
day(r) = Mmoo /T w(y(t+ )= lim o /_ dt (5.65)
li ’ 1
= dm o] =3 (5.66)
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Onéte 1 €TepOOLGYETION (py (T) TV oMoV x(t) = sgn(t) xou y(t) = u(t) eivan
1
Oay(T) = 5 VT (5.67)
]

5.2.2.3 Ertepoouoyétiorn Inpdtwyv Evépyelog

TENOC, 1 ETEPOCUOYETION Puy (T) UryaBIxdY onudtwy evépyelas x(t), y(t) oplleton we

+oo
bu0) = [ Ottt (569
EVE 1) ETEPOCUOYETION ¢y (T), 0piletan w¢
+o0o
6ur) = [y Oatt ) (5.69)

napoe(novtog tn ouluyio 6tay o x(t), y(t) elvon mporypaTind.

E0xoha mopotneel xoavelc 6t 1 etepocuoyétion potdlel Tohl ye T cUVEAET Buo oNUdTwY, OANS TPoPavVEKS deV
elvon Tautdonues TpdEels - olvtopa Yo dodue TN oyéon mou Tic ouvdéel. Ag dolue éva Topddetya UTOAOYIGHOD
ETEPOCUCYETIONG ONUATOV.

ITopdderyua 5.6:

YrohoyloTe TV ETEPOCUCYETION Py (T) TV oMudtev z(t) = e~ *tu(t) xou y(t) = e~ 2*u(t), pe a > 0.

Abon:
Ac yenowonoifiooupe alyeBpuxr uédodo, wa xou to duo orjuara ebvor drelpng didpxetoc. Ebvou
—+oo
buy(7) = [ alOle+ i (5.70)
—00
+oo
- / et e 20047y (1Yt 1 1)t (5.71)
—00

To ywdpevo u(t)u(t + 7) avohdeto ¢

1, t>0xut>—7
u(t)u(t+7) = (5.72)

0, oAhol

xou v —7 < 0 =7 > 0, T0 ohoxhpwue g Lyéong (5.71)) yivetou

—2aTt oo 73atdt —2aTt 1 —3at Hoo 5.73
Guy(T) =€ /0 e =e 53¢ . (5.73)
1 ., 1 .,
= —— 20T =1) = —e 207 5.74
3¢ (0-1)=—e (5.74)
eved Yo —7 > 0 = 7 < 0, 70 {dlo ohoxAfipwua Yivetoo
Coar [T L 1 gur gag] ™
buy(T) =72 /T e 3t dt = ~35¢ 2aTe 30“} = (5.75)
_ 1 —2aTt 3aty __ 1 aT
=—35¢ (0—e’*) = 35° (5.76)
Yuvolud 1
Ga(7) = 5= (77u(r) + e Tu(—r)) (5.77)
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5.2.3 Idiotnteg Yuoyetioswy

O cuoyetioeic €xouv xdmoleg TOAD EVOLAPEPOUTES WBLOTNTES, TIC ONUAVTIXOTERES EX TwV onolwv Yo amoptdur-
ooupe oe oauthv TNV Hapdypagpo.

1. H ouvdptnon autocuoyétiong eivan dptia cuvdptnon:
$u(T) = ¢u(=7) (5.78)
Mrogeite va 10 emPBefoundoete o GA Tol CYETIXA TOUEABEY AT TOU €YOUNE BEL WS TWEOL.

2. H péyiot tyu e ouvdptnong autocucyétiong ouufaiver t ypovixh otiyury 7 = 0, Snh. yior undevixt

petatémon tou z(t + 7). Tédre ta duo orfjuortar x(t) o z(t + 7)| towtilovran. Tow mpaypatind ohporo
evépyeLlog, Loy el
. <00 = [ =5, (5:79)
ue Ey v evépyela tou ofpatoc x(t). T mpaypatikd ofpata ioyvog ) oyéon nov TpoxdnTeL eivat 1)
1t
[62(7)] < ¢2(0) = lim - /_T a*(t)dt = P, (5.80)

pe P, n péom woyd tou ofpatoc z(t). Téhog, yio mpaypatikd Teplodind onfpota, €YOUVUE

hMﬂé%@:%Aﬁ%W:& (5.81)

ue Py n wéom oyl tou neplodixol ofartog (1), apol to neplodnd ofuata efvon xon autd ofuarta oy voc.

3. Av 1o ofua z(t) elvan mepLodind pe neplodo Ty, N neplodixt) autoouoyétion ¢, (T) éxet x auTh TNy (Bl tepiodo
To.

4. H ouvdptnon autoouoyétione ¢, (7) dev nepiéyel mAnpogopia yia Ty cpyix @don tou ohuatoc z(t).

5. H ouvdptnom etepocuoy€Tions dq, (T) dev elvan amopaitnto dptia cuvdptnon:

‘Ouwe propel elxolo va derydel oL
Pay(T) = Py (=T7) (5.83)

pe 0 ovluyio vo mapoakeineton Gtay Tor ofpora z(t), y(t) elvon Tpaypotixd.

6. Av 1 etepooucyétion Buo oNUATWY Gy (T) elvor undevixd yia x&de t € RN, t61e o ofpara z(t), y(t) ovoud-
Covtan aovoyénioa.

7. Ot opioyol Twv cUCYETIOEWY TEAYUATIXDY TEPLODLXWY CNUATWY Xl CNUATKY EVERYELIS EYOLY UEYIAT OUOLO-
NTA YE TOV 0plopd Tne ouvElEne. Acite:

1 1
Cay(t) = ?0 /TO z(r)y(t — 7)dr Gay(t) = ?0 /TO z(T)y(r + t)dr (5.84)
+00 Foo
ey (1) = /_ 2(F)y(t — 7)dr Goy () = /_ 2(F)y(r + t)dr (5.85)

UE Cay(t) T oLUVENMEN TV onudtov (1), y(t). Lt napandvew oyéoelg, odMdEaue TiC UETOBANTES T, T YeTo-
€0 ToUC OTA OAOXANEGUATE TWY CUCYETIoEWY, Ylo Vo avodetydel xahbTepa 1 ouoldTNTO PHE TNV TEAEN NG
OLUVENENC.

Mrogel xovelc va delel 6TL, 0T YEVIXOTEPY LOPYPY| TOUG, OL GUVIPTAGELS GUGYETIONG UTOPOLUY VAL YEUPOUV
HE TNV TEEEN NG CUVENENC W¢

G2 (7) = 2 (=7) * 2(7) (5.86)
Gy () = 27 (=) * y(7) (5.87)
Gya(T) = y*(=7) x 2(7) (5.88)
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6710V TPOYAVKS 0 TEec TS TNe culuylue Tapaheineton Gtav to oot (t), y(t) elvon TEaypoTNG.

5.2.4 Xoapoxtneiotixd ITapadelypata

Yy Hopdypago auth napadétovue uepind ypnotua nopadelyuata Tou eunhéxouy GUOYETIOELS, VLol TEQAUTERL
TEYBN TOL VLY VOC TN

ITopddetyuo 5.7:

TrohoyloTe TN CUVAETNOY AUTOCUCYETIONS TOU CHUATOS

z(t) = e “u(t), a >0 (5.89)

Abon:
O tpooTaticouUE Vo AOGOUUE aUTO TO ToEddELYUa Ywelc TN Yeror oxfuatog, dnwe oTa Teonyolueva. Ao To
0ploPd TN QUTOCUOYETIONG, EYOUUE
+oo
oulr) = [ alt)att+ (5.90)
To ofpa z(t) = e~ “u(t) Zexwd amd 1o t = 0 xou extelveton w¢ 10 +00. To ofua z(t + 7) dlveton wg
z(t+7)=e "yt +7), a>0 (5.91)

H yetatémon 7 unopel va elvan Yetixn 1 apvnuixy. Xtnv nepintwon mou 7 < 0, 1o ofua petatoniletar mpog ta
Be€id, nou Eexwvd amd T xpovixh oty t = 7. Ondte to ywouevo z(T)z(t+7) Yo elvon pn undevixd oto dido tnpa
[T,4+00). Apa

—+oo —+oo 1
o (T) = / e e T dt = 7O / e dt = —e", 7 <0 (5.92)
—t —t 2a
Yy neplntwon nou T > 0, to oRua yetatoniletor TEOG T APLOTERY, xou EEXVA amb TN YpoviXY oTLYUr T = —T.

Onéte 1o ywopevo z(T)z(t + 7) Yo ebvan un undevixd oto ddotnua [0, +00). Apa

+o0 +too 1
¢x(T) — / 67atefa(t+7)dt _ efar/ 72atdt 7117', >0 (593)
0 0 2a

"Apo unopotye va ypddoupe bt
1
bo(7) = —e il g >0 (5.94)

ITopddetypo 5.8:

XpnowomovTtag Tng avicotnta Schwarz
+00 +oo +oo
]/ y(t+ 7 dt‘ / |z(t)|2dt/ ly(2)|2dt (5.95)
delte ot
(@) [f2y(T)] < V/62(0)¢ (0)
(B) 192(7)] < ¢2(0)]

Abon:

(o) Eivow

e =| [ el < [ opa [ wora = 606,069

o0 — 00

|bay(T)] < 4/ 02(0)¢y(0) (5.97)
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(B") Eivou

|6 (1) = ‘/m t—i—Tdt‘ /+OO| (t)2dt/+oo (1) 2dt = ¢2(0) (5.98)

o0 — 00

|62(7)| < |¢2(0 (5.99)

5.3 Pacpatixeg [Tuxvotnteg

'Eyoupe 8¢t o nponyoluevo xe@dhaio 6Tl Tl oot Loy0og dev unopolv va yehetndolv Ue tov oploud Tou
petaoy. Fourier, xodo¢ 10 oyetind ohoxhipwua 8e ouyxiivel. o tnv edpeon Tou YeTaoy NUATIONOY, YENOYLOTOL-
fioope évvoleg 6mwe auth T ouvdptnone Aéhta. Axdpa xar téte dune, éva ofjua dev elvon BEBaro OTL Exel YeTaoY.
Fourier. Autd mpogavie Véter npofhfuarto dtory VéAeL xovels Vo UEAETACEL TO PAUOUATING TEPLEYOUEVO TETOLWY
onudtev 1 av 9éhel va pehetrioel v €€0d0 evoc I'XA cuothyatog 6tav otny elcodd Tou mopouctdleton éva
ofua .oybog. Xe QUTES TIC TEPLTTWOELS, XATAPEVYOUUE GE EVUANAXTIXOUE TPOTOUS UTOAOYLOUOU TOU (PACUATLIXOD
TEPLEYOUEVOL, XaL auTol ol TedTmoL TephopBdvouy T Uehéty Twv Yetacy. Fourier twv cuvapthcewy cucyétiong,
ot onolot ovopdlovtar Pacpatixeg ITuxvotntes.

Ye avtrv v nopdypago Yo culnthcoupe Y tic Pacpatinéc Huxvotntes xan ) onpacio Toug.

5.3.1 Poocpatixég IMuxvotnteg Evépyelag

Ac Eexwvrioouye amd Tor oHUoTA EVEPYELNS, TWV OTOIWY Ol PaoUoTixéc Tuxvotntee ovopdlovior Paopatikég
Iukvénres Evépyeias - Energy Spectral Densities.

O petoaoy. Fourier tne autoouoyétiong ¢, (7) evdc - uyodixol ev yével - ofuatog evépyetog () etvou

Flon(r)} = /_ :o ( /_ :o 2 (0 (t + 7)di ) IS dr (5.100)
- /_ :o 2 (1) ( /_ :)O o(t+ T)e_ﬂ”deT)dt (5.101)
= /:O ()X (f)e? > tdt (5.102)
= X(f) / :O x* (1)l dt (5.103)
= X ()X (f) (5.104)
= 1X(N)P (5.105)

omou ot Xyéon (5.101) oAAdEope TN oelpd OAOXAPWOoNS EXPETOMAEUSUEVOL TOo Oedenua F‘ubinﬂ Iopotneotye
howntdv 6Tt o petooy. Fourier tng autocuoyétione evoc onuatoc evépyeLag etvor

® TEAYUOTIXY) CLVAETNON

1To Oedbpnuo Fubini avapépet 6t n e&lowon

//f(z,y)dwdy:/dw/f(m,y)dy:/dy/f(m,y)da: (5.106)

etvon €Yyxupn, dNA. 1 oELpd ONOXAAPWONG OE Eva BITAG ONOXAApwUO UTOPE! Vo ahANEEEL, av xadéva and To EMUEPOUS OAOXANEOUATA ElVOL
nenepacpéva 6tav 6N Y€on tne cuvdptnone Tpoc ohoxAfipwon f(x,y) Bdhovue v | f(x,y)|. TIo Tumxd, av 1oyder ToLAG ICTOV Wit
and Tic oxéoelc

/X (/Y If(:my)ldy)d:e < oo (5.107)
/Y (/X If(mvy)ldr)dy < oo (5.108)
Ttéte
[ @iy <o (5.109)
X X

nal

//fxydxdy—/dx/fzy)dy—/dy/fmy (5.110)

Mo tétota cuvIAxXT Loy VEL CHUATA EVEPYELAC, OTOTE UTOPOVUE VAL YENOWLOTOCOLVUE To Oehpnuo.
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o Vet v xdde f e RN
o cloptduevn puovo and petooy. Fourier tou ouatoc evépyetog z(t) - mou elpaote oiyoupol 6t LdpyEL.

O nopomdve mapatnerioels elvon Tohd onuoavtxée, yatl o yetaoy. Fourier tng autocuoyétiong elvon ave&dptntog
TOU QACUTOS QPAoNe Tou ohaTos. Autd onuaivel dTu 1) petaxivnon Tou oUaTog 6To Ypovo elval dveu onpaciog
v To yetaoy. Fourier tng auvtocuoyétione. O petacy. Fourier tng autocuoyétiong evog ohpatog vépyelag
ovopdletan Pacuatixn ITuxvétnta Evépyeiac - Energy Spectral Density, xo cupBoiileton w¢

+oo )
D, (f) = F{oa(7)} = / b (T)e P Tdr = | X(f)[? (5.111)
Avuotpdpug, n cuvdptnon autocucyétiong unopel va Beedel péow e Pacpatinic Muxvétnrag Evépyelog wg
+o0 )
¢ (T) = / X (f) P> df (5.112)
Av Yéoouvye T = 0 onVv nopandve oyéon, Exouue
+oo
$(0) =/ | X (f)]df = E., (5.113)

AoYw Tou Oewpnpoatog tou Parseval.

Axohovddvrag ta {Sua rpota, av vtohoyioouye to yetaoy. Fourier tng eTepocuUoyETIONS Gy (T) SUO oMudTwy
evépyelag z(t), y(t), Yo xatahfi&ouvue o1 oyéon

Duy(f) = F{day(7)} = X*(S)Y (F) (5.114)

1 omnola - avtiotolya ye mpwv - ovopdleton Atapacpatixr; ITuxvétnta Evépyeiag - Interspectral E-
nergy Density. Avtiotowa, Yo T £TEOCUOYETION Py (T), Vot lvon

Pyo(f) = F{oya(7)} =Y (/) X(f) (5.115)

Ac dolye duo mapadelypoTa.

ITopddetypo 5.9:

Yy Hopdypapo [5.2.1.3] unohoylooye TNV AUTOCUCYETION TOU TETEOYWVIXOL TOAUOU Xou det€aue OTL
t
o (T) = AQTm(T) (5.116)

Beeite 1 @acyotin| ITuxvétnta Evépyelog.

Abon:
H Paocpotiei Huxvétnta Evépyetoe @, (f) diveton ebxola we
®,(f) = A2T?sinc®(fT) (5.117)
vt yvopllouvue 6Tt
Arect(%) «— X(f) = ATsinc(fT) (5.118)
xou )
IX(H)? = (ATsinc(fT))" = A*T?sinc?(fT) = ®.(f) (5.119)

ITopdderyuwo 5.10:

Sy Iopdypago [5.2.1.3] unoloyiooue Ty etep0cucyETON @gy(T) TV onudtey z(t) = e~ *fu(t) xou



232 Mia siocaywyr oto Yhuata xow Yuothuata

y(t) = e 2*u(t), pe a > 0, xou T Perpxope fon pe

1

Gay(7) = o= (e*Wu(T) T ewu(q)) (5.120)

Beelte ™ Awgaopotixn Huxvomta Evépyetoc.

Abon:
H Awgoopatind TIuxvétnro Evépyetag $uy(f) Siveton we o petaoy. Fourier g ¢gy (1), SnA.

1/ or o 1 1 1 B 1
3?(6 “Tu(r) + e “(_T)> — 371(204 Y ionf a —j27rf) = (2a+j2rf)(a— j2nf) (5.121)
Bl\énoupe 6t to anotéleoya elvan to (B0 pe to ywopevo X*(f)Y(f):
N |
X = (a+j27rf) T a—jonf (5.122)
1
Y(f) = 2+ jonf (5.123)
XY () = : (5124

(a —j2nf)(2a + j2n f)

5.3.2 Pacpatixég IMuxvotnteg Ioydog

IMot opara oy bog, unopoly vo oplo Toly avtiotolyeg évvoleg. 3tn oulrtnon mou axoloudetl, Yo Sy wpelicovue
TG MEPLTTWOEL ONUATWY oY VOS OE TEELOBIXE ol UT).
5.3.2.1 Poaocpatixéc I[Tuxvotnteg Ileprodixdy Tnudtwy

Do teprodnd ofpata Ye meptodo Tp, 1 auToCUOYETION Toug BlvETol WG

bu(7) = i/ & (D)2 (t + 7)dt (5.125)
To Jr,
Ac oploouye o ofua
1 [t
¢2(T) = ?/ z*(t, To)z(t + 7)dt (5.126)
0 J—o0

6mou 1o z(t, Tp) amotehel wiot uévo nepiodo tou neplodnol ofjuatog - dpa elvon éva orfua evépyeias. Eidope vowpitepa
OTL Yo oRUATO EVERYELNS, 1) UTOCUCYETION Toug Umopel vou ypagel ue yeron e meding e oLVEMENS 0

¢z(T) = 2" (—7) * x(7) (5.127)
‘Etot, 1 Xyxéon (5.126) umopel va ypapel wg

G (T) = =2 (—7,Tp) * () (5.128)

To x(7) tne nopandve oyéone noapauével évo Teptodnd ofua, xou yYvopilovue dTL éva eplodind oo uropel vo
yoogel we 1 cLVEMEN TNe Pooxhc TEELEBoL Tou Ye Wit oelpd omd ouvopthoelc Aéhta. ‘Apa to z(T) umopel va
yeopel w¢

+oo
x(1) = x(7,To) * dqy, (1) = x(7,Tp) * Z 5(t — kTp) (5.129)

k=—o00

Avtixadiotdvtae ot Xyéon (5.128)), éxouvue

¢1E(T) = Toz*(f’ra TO) * (LL‘(T, TO) * 6T0(T)) (5130)
= %O(I*(—Ta To) * x(T, To)) % 07, (T) (5.131)

[ (T;TO)
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= Tiod)m(T, To) * 01, (T) (5.132)

6mou ¢4 (T, To) cupPBolilel Ty avtoousyétion e Baoixrc Teptddou tou ofuatos (n onofa, uteviupilouvye, eivan
ool EVERYELDC).

Ilde epunvedel xavelc v napandve oyéon; Etvow Eexdidopo 6Tl 1 autocuoyétion evog meplodixol oruatog
unopel vo unoloylotel oe duo Briwortas

1. Trohoyiloupe v avtocucyétion wag tepiddou x(t, Ty) tou meptodixol ofiuatog x(t).
2. Enoavoloufdvouye T0 anotéhecyo o€ TOMATAGGCLY TNG TERLOBOU.

Aciope oung eniong oty Hopdypoago [5.2.1.1] 611 1 autocucyétion evog meplodinol GHUATOS AVATTUCGETAL OE
Yepd Fourier w¢

“+o0
Ga(T) = D | Xi|?e?? 07 (5.133)
k=—oc0
g omolag o yetaoy. Fourier elvan
+o00
> IXkPo(f — kfo) (5.134)
k=—oc0

Etvar 1 nopandve oyéon 1oodivaun ye to yetacy. Fourier tne Yyéong (5.132); Ac to Solue.

F{¢. (1)} = TLOF{gf)m(T, To) * 01, (T)} (5.135)
= o F{6u(7, To)}F(67,(7)) (5.136)

0
= O£ T)A() (5.137)

0

e
1 1
A) = 04 () =7 D2 o —kfo) (5.138)
k=—o0

1o yetaoy. Fourier piog oepdc and cuvoptioeic Aéhta mou anéyouv Ty petalld toug. Ev tékel ) Xyéon (5.137)
yodpeTan

Flow(n)} = -0 (A To) - Z S(f — ki) (5.130)
. Z @, (kfo, To)o(f — K fo) (5.140)
0 k=—oc0

we ®.(f) = | X (f, To)|* wn Pacypotixd Iuxvétnra Evépyelac tou ofjpatoc z(t, Tp), dnh. tou ofpatoc e Paoueic
nepLédou.
Eivar nthéov Eexddapo, ocuyxpivovtac tic Lyéoewc (5.137)15.140) bt

1
X2 = =&, (f. T, ] 5.141
P = ()] (5141

IIede epunvevetan 1 mapandve oyéor; Ou ouvtedeotéc Fourier tng autocuoyétiong evog meplodixol ofuatog
UToPOUY Vo UToAOYIGTOUY OE Buo BhuoTtas:

1. TrohoyiCouue tn Pacpatixd Huxvétnra Evépyetog @, (f, To) poc nepiddou x(t, Tp) tou meptodixod ofatog

x(t).

2. Aevypotoinntobye Ty mopandve Pocpoatixd [uxvotnra Evépyelac avd k fo, xou 1o anotéAeopa nohhamio-

,
ol8leTol UE =z
M To2
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ITopdderypa 5.11:

Ae{Eape otnv Hopdypapo [5.2.1.1] 6t yio to nepodind ofjua z(t) = Acos(27 fo — 0), 1 autocvoyétior| Tou
dlvetan wg

A2
$2(7) = = cos(2m foT) (5.142)

Trohloyiote ) Paocpotiny Iuxvétnta Ioydoc.

Avon:
H ®aocyotind Huxvétnta Ioybog tou dlvetan wg

B() = F{ou(r)} = 07 = o) + 2ob(f + fo) (5143

Av oxoloudficoupe tov (Bl0 GUANOYIOUS VLol TNV ETEQOCUOYETION Pgy (T) TEPLODIXMY OMUdTWY, UTopolUE Vo
detEouye Ot

+oo
D0y (f) = Tig%y(f,To)é%o(f) = > XiYVid(f - kfo) (5.144)
k=—o0
o6mou

n Awgoopatind Huxvétnra Evépyewoe, X*(f, Tp) o petaocy. Fourier tou ofjpotoc x(t, Tp), xou Y (f,Tp) o avti-
ototyoc Tou ofpatoc y(t, Tp). H nopandve oyéon poc divel 6t

1

X = X" (kfo, To) (5.146)
Ty
1

Vi, = Y (kfo, To) (5.147)
Ty

5.3.2.2 Poocpatixég I[Tuxvotnteg Ancplodixwy Inudtwy Ioylog

Ac Bpolue, Téhog, TIC OYECELC TIOU CUVOEEOUV TIC CUOYETIOES ONUATWY LoYVOC UE TO YWEO TNG CLYVOTNHTAS.
‘Onwe vopltepa, o petaoy. Fourier tng autocuoyétione onudtwy woylboc ovoudleton Paouatikr Hukvitnta
Ioxvog, evdy o avticTtolyog e etepooucyétione ovopdleton Awepaopatikr) Hukvétnta Ioxvog, dnA.

G2(7) +— P (f) (5.148)

‘Opwe, yiot ToAD onuavTixy dlopopd o ay€om Pe To CHHATA EVERYELNS elval 6TL 0 ueTtacy. Fourier twv cuoye-
tloewv onudtwy oyvog de oyetileto e to yetaoy. Fourier twv onudtwv woybog. Mnropel ounwe xoavelc va detiet
OTL YLoL T AT LoYDOG

@)= Jim_|x(, 1) (5.151)
HE
X(f,Ty) = F{x(t)rect(Tio)} (5.152)

dnh. o bpoc X (f,Tp) cvuPoriler to yetaoy. Fourier tou napoduporomuévou ofpatoc x(t). To napandve dpo
UTOPEl GuwWS vor unv undpyel. Autéd pog odnyel ot Swamlotwor OTL 1 UEAETH ONUATWY Loy dE OTO YWEOo TN ou-
yvoTnTog meénel vor Yivel uéow tou yetaoy. Fourier twv cuoyetioewy, dnh. péow e edpeone twv Poopatindy
IMuxvothtwy Ioyloc.
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ITopdderypa 5.12:

Sy Hopdypoagpo dellope 6L M AuTOCLOYETION Py (T) TOL ofartoc wyboc x(t) = sgn(t) etvou
bo(T) =1 ¥r (5.153)

Trohloyiote ) Pacyotiny Iuxvétnta Ioydoc.

Abon:
H ®acyoti Huxvémnta Ioyboc diveton edxola wg

P, (f) = F{¢x(7)} = F{1} = 4(f) (5.154)

ITopdderypa 5.13:

Sy B Hopdypago deilope dtL 1 autocvoyétion ¢, () tou ofpatos wyboc z(t) = u(t) etvon

vr (5.155)

6a(r) =

Trohloyiote ) Pacpotiny Huxvétnra Ioydoc.

Abon:
H ®acyotig Huxvdémnta Ioyboc diveton edxola we

1

2,(f) = Flou(n)} = F{5} = 3(6) (5.156)

5.3.3 Iduotnteg Pacpatixwy ITuxvothAtwy
Ou Qacpatixeg ITuxvotnrag €xouv Tic axdlovdes WLdTNTEC.

- DL (f) = Pr(—f), Yo mporypoTind ouota.

- @u(f) =0, Vf.

5.3.4 Xoapoxtneiotixd ITapadelypata

ITopdderypa 5.14:

‘Ectw o YVwotd 6og onuota

z(t) = e “u(t), a>0 (5.157)
y(t) = e 2%u(t), a>0 (5.158)

(o) TrohoyioTe T CUVERTNOT AVTOCUCYETIONS Puy(T) TOU GHUATOC Z(1).
(B") Tmohoyiote tn Pacpotinr) Huxvétnta Evépyelds tou, @4, (f).
v

(

) Trohoyiote TN oUVAPTNOY ETEPOCUCYETIONS gy (T) xou T Awagaopotnd Iuxvémmta Evépyeog,

+o0 +oo
ba(T) = / e~ u(t)e Ty (t + 7)dt = e 7 / e~ ey (t)u(t + T)dt (5.159)

—0o0 — 00

+oo
=e o7 / e 2y (t)u(t + 7)dt (5.160)
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Eivow

1, t>0xut>—7
u(t)u(t+7) =
0, aAhol

‘Eyoupe 800 mepintwoeic:

o 7<0=17>0, t6t

“+ o0
1 “+o0
—aT —2at —aT —2at
O (T)=¢ /0 e e e .
1 1
_ __— ,—ar — 1) = —e 0T
55, (0-1) 55¢ T >0
e —7>0=17<0, t61¢
—+o0

1 —aT 20T 1 T
—%e (0—e )_2a ,7<0
Ondte cuvolxd )
¢ (1) = % (efmu(T) + e 7'))
B) Eivou
1 2 1
w1507~ -

AN =IXOP = | 55| = s

y) Eivau

+o0 Foo
Gay(T) = / e~ tu(t)e 2y (t 4+ 7)dt = 7297 / e 3y (t)u(t 4 7)dt

—00 —00

‘Oyota pe mptv Slaxplvoupe dU0 TEpLTTWOELS:

o Yty mpTr TepinTwon

+o0 +oo
—T<0=7>0:¢g(1)= 6720”—/ e 3ot dt = 6720”—767304}
0 —3a 0
1 ., 1
- = ati) 1) = — aT 0
3a¢ ( ) 30.¢ T >
e >1n deltepn meplntwon

+o0 1 +o00

—T>0=7<0: ¢g(7) = 6720”—/ il A—

672a7673at:|
3a

1 1
_ —56_2()”(0 o e3at) _ 56057—77_ <0

YUVOAXA 1

Pay (r) = 30

H Awgpacupatixr ITuxvétnra Evépyetag diveton o¢

(e_zmu(T) + e‘”u(—T))

@0 (f) = X DY) = () o

a+ j2nf .2a+j27rf
B 1 1
(a—j2nf) 20+ j2nf)
1

 (a—jg2nf)(2a + j2rf)

(5.161)

(5.162)

(5.163)

(5.164)

(5.165)

(5.166)

(5.167)

(5.168)

(5.169)

(5.170)

(5.171)

(5.172)

(5.173)

(5.174)
(5.175)

(5.176)
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ITopdderypa 5.15:

‘Ectw to o
5, t=—2
2, t=-1
zt)=4 2, t=1 (5.177)
5 t=2
0, oAlol
Aci&te 6T
D,.(f) <156 (5.178)
Abon:

To cfpa - To omolo elvor oYjuol eVEpYELag - UTOREL VoL Yeupel ¢
x(t) =50(t+2)+26(t+1)+20(t — 1) +55(t — 2) (5.179)
H Poopatind Iuxvétnto Evépyetag @, (f) diveton we
@.(f) = X () (5.180)
— |5ej27r2f + 2€j27Tf _|_2€7j27rf +56727T2f|2 ( )
= [10 cos(4mf) + 4 cos(2m f)|? (5.182)
=100 cos? (47 f) + 80 cos(4n f) cos(27 f) 4 16 cos? (27 f) ( )
= 100 cos® (47 f) + 20 cos(27 f) + 20 cos(67 f) 4 16 cos® (27 f) ( )
Eneid? |cos(z)| <1 xa 0 < cos?(z) < 1, éyouue

®,(f) = 100 cos? (4 f) + 20 cos(2m f) + 20 cos(6m f) + 16 cos?(2m f) < 100 +20 4+ 20 + 16 = 156 (5.185)



238 Mia siocaywyr oto Yhuata xow Yuothuata




