Kegpdhawo 10

Yuoyetioelc xaw Poacuatixeg
I[Tuxvotnteg

Yo mponyolueva Kegdhaa, yvwplooue toug Metaoynuatiopols Fourier xau Laplace, xod¢ xou ti¢ omoudaleg
WBOTNTES TOUC o TN YENoWdTNTd Toug oty avdiuon I'XA cuotnudtenv. Onwg eidaue, o Metacy. Fourier pag
OMOXONUTITEL TIE QPAOUATIKES CUVIOTWOES EVOC ORUATOC, EVEpYELXS 1 Loyloc. ‘Oune xou ol oyéoelg HETAE) oNUdTwY
elvon To (D10 oNuavVTIXES pE Tol ot aUTA xord auTd. XTo Tedlo TOU YEOVOU, Ol GYECELS QUTEC OMOXUAUTTOVTOL
amd TN UEAETY TV Teplpnuwy Yuvaptioewy Yvoyétions - Correlation Functions, evé oto medio Tng ouyvotntog,
oL pyetaoynuotiopol Fourier toug, ol Aeydpeveg Paopanixés Ivkvétnres - Spectral Densities avolouBdvouy va pog
TANEOPORHOOUY YioL TNV Katavour) TNe EVERYEWS 1 TN toybog evog oApaTtog - 1 amd xowvod Suo ONUATWY - ovd
OUYVOTNTEC.

10.1 M puixpn epopuroy” - xlvnteo

Ac Yewprioouue éva unyoviopd aviyvevone otéyou (radar), émou oxonde tou ebvar vor aviyvedoel évay mdovd
01dY0 GTEAVOVTAS TIPOC AUTOV €val oYjud. AV 0 GTOY0C ElVOL TIOEWY, TO GHHOL AVTOUVOXASTOL OE QUTOV XL ETULC TREPEL
GTOV ToUTd, EVEM av Oyl, 0 Tounog hauPdvel povo $o6pufo. H mapoucio B n amovsio tou avoxhouevou chuatog
emPBeBardvel TNy nopousia fj Ty anoucia Tov 6TéyovL. To xplowo TepdBinua o autr T Sladixaocio etvor 1) aviyveuon
Tou avaxAOUEVoL ofuatos. Puowd, to avaxhduevo oo tou hauPdvetar éyel olhowwel xon e€acdevioel coPopd
Aoyw andotoone xat YopUBou tou teptBdrhovToc. Xe pia tétota tepintwaon, 1 Tedcr e cuoyETions Tou Anglévtoc
ofoTog pe To apyixd unopel v poc Bondnoel onuovtixd!

Apywd, ac e&nynoouye daiointikd nog yiveton 1 aviyveuon tou orgotog Ye yerion tne cuoyétiong. Metpdvtog
™ yeovut xaductépnon petol Tou oYUaTog ToU oTEAINXE Xan auTol Tou AU, utopolUe v Teocdlopicouue
v andéotacT Tou oTéyou. Eotw bt 1o ofua mou otdhdnxe elvon o x(t) xou awtéd mov eMipin elvon to y(t), b
reptypdpovtan oto Lyhua [10.1} 6mou yio hdyoug amhdtntac éxoupe Yewprioer 6L o Angdéy ofua dev éyel e€aoie-
vroel 1 odhotwdel Aoyw e BLléAevonc Tou Yoo and to xavdhl yetddoone. Ilde Yo uropolooyue vo cuyxpivouue to
duo ofuota; Oa unopoloe vo mpoTelvel xavelc Vo eopudcoLUEe Wa oYEoT TPOoBoANS Tou eVEE GHUATOS GTO dAho,
OTWE GTOVG OAOXANEWTIXOUC PeTaoy NUoTiodols. A¢ meofdihoupe o Anpiéy ofua endve oTo exmedpdey, e

lt) = [ ult)sttya (10.1)
t61e T0 anotéheoya Yo oy Undév, Adyw Tou 6Tl To Buo ST Efval U1 UNSEVIXE OE DLUPOPETIXE YPOVIXY BLoC TH-
pote. TV autd xon yenotponowolye plar dlapopetixh) oo, auTh TNS CUVEETNONS TUOXETIoNS Tou ofjuatoc y(t) ue
0 ofpa z(t), N onolo opiletan we

b0alr) = [ Ole+ e (102)

6mou PAénete 6T petaxvolpe To exmepmopevo ofua x(t) v xdle Suvorth ypovixd yetatémion 7. Bhémete bt n
cuoyétion elvon cuVdETNom Tou Ypdvou T. Av yia xdrowo T (Tou eivon oL Sidpopes xaduoteproelc Tou ohpatoc x(t))
nopatnendel woyveh cuoyétion (Tou onuaivel UEYEAN TWH ©C ATOTENEGUO TOU ONOXANEMUATOS), SEV oviyVEVETOL
p6vo 1 mapovoior Tou oRuatog ahhd xou 1 GYETXT Ypovixt ueTotémion tou z(t) ot oyéon pe 1o y(t). ‘Etot, oyt wdvo
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A x(t)
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il y(t) = 2(t = T)
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0 V\/\/\/T\/\j\/v t

Syfuo 10.1: Exneunduevo ka1 Angdév onua oe éva radar.

v

HETEAUE TNV Topousta evdg oTdYoU ahhd o TNV anéoTaon Tou and TN Yéor avagopdc. To teheutaio yedgnuo Tou
Yy huatoc delyvel 0 amoTéAEoua TS CUCYETIOTC.

10.2 Xvoyetioelg

Ot ouoyetioelg umopolV Vol Ywelo ToOY GE BUO XATNYORIES: TNV AVTOCUCYETLON XAl TNV ETEROCUCYETLOT
onudtey. Ou Eexviiooude TN UEAETN TV CUOYETIOEWY 0T0 TEd{o Tou ypdvou, e€eTtdlovTac apyxd TN CUCYETION
TEPIOOKWY CNUATLV, YEVIXEDOVTOC GTY) CUVEYELX Yol CHUATA 10X U0G, Xl OAOXANPOVOVTAS UE CHUATO €VEPYeELas.
10.2.1 AvutocucygTion

H autocuoyétion opileton w¢ 1 tpdln cuoyétiong evég ofartog z(t) pe tov eautd Tou, xau yag divel TAnpogopia
nou oyetileton ye ™ peToforn TNC auTo-0H010TNTAS TOU CHUITOS GUVIPTHOEL TOU YEOVOU.
10.2.1.1 TIIepLodix”r] AUTOCUCYETIOT

I meptoduxd ofjuota pe meplodo T, 1 avtocuoyétion opiletar we

1
o (T) = —/ ¥ ()x(t + 7)dt (10.3)
Ty Jr,
I'vwpeilovye dpwe 6t éva meptodixd ofua umopel va avantuydel oe Xewpd Fourier w¢
+oo )
p(t) = Y Xpel?mhhot (10.4)

k=—oc0
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ue fo = T% N deueddne ouyvotnta Tou ofuatoc. Av avtixatactiooude TN Xyéon l) otn Lyéon lb
€y ouUE

1 o jamkfot)” o« J2mlfo(t+7)
¢$(T):TO/TO( > Xye ) (l_z_:oone )dt (10.5)

k=—oc0
1 —+oo —+oo
_ L ( X;e—jZ‘frkfgt) ( XlejQTrlfgtejQﬂ-lfoT)dt (10.6)
To To kzz—oo l;oo
1 +o00 . +oo ] )
— ( > XpXpePhom 4 N X;;Xleﬂ”lf‘”eﬂ”(l_k)fot)dt (10.7)
To Jz, k=—o0 k#l=—00
1, , = , _
— 7( X;Xkeﬂ”’“fﬂ/ dt+ > X;;Xleﬂ“fOT/ eﬂ”(l*k)fotdt) (10.8)
ol 2=, To kAl=—— oo To
1 +o0 , +00 ] ,
_ ? (TO Z |Xk|28127rkfo*r + Z X;:Xlej%rlfo'r / eng(l—k)fotdt> (109)
0% k=0 kAl=—o00 To

O dedtepoc dpoc e Topamdve oyéong LoolTtan Ue Undev, Aye e Yvwothc (théov) oyéong g optoywwdtnog
v onudtwy E = {eJQkaot};OO

=—o00"

/ ejQW(kfl)fotdt — 0, l 7& k (1010)
To T07 =k
"Apo el
+o0 )
bu(T) = Z |Xk|2ej27fkf0‘r (10.11)
k=—oc0

H mapandvew oyéon pag mhnpogopel 6tL av 10 avdntuyue o Xewd Fourier evog meplodixol ofuatog pe meplodo
Ty €yl ouvteheotéc Fourier X, tdte 1) Teplodiny) aUTOCUCYETION TOU GHEATOC elval eTloNg TEpLOdIXY Ue TNV (Biat
neplodo xou umopel var avamtuydel oe Yed Fourier pe ouvteheotéc |Xg|?. Metatpénoviag auth Tn oyéon oe
Telywvopeteny| Lelpd Fourier, éyoupe ét

+o0
$2(7) = | Xo|* + 2> | Xi|? cos(2mk for) (10.12)
k=1

Iapoatnehiote 6Tt av oL cuvtekeoté Fourier tou mepodixol ofuatog (xan dpo xou To apynd meplodind ofua)
elyav xdmola @don ¢r, ONA.
X, = |Xk‘ej¢’“ (10.13)
1 TEPLOBXT AUTOCUGYETION TOL OHUOTOG Sev TeplhaBdvel auth 1 pdom otoug cuvtelestég Fourier tng. Mnropolue
Aotméy var Tovue OTL 1 autooucyétion eivor ‘“tuphR” (phase-blind) éoov agopd ™ @domn Tou mepLodixol GHuaTOC,
agol 1 TAnpogopla GAcNC TOL TEPLOBIXOU GNUATOS YAvVETIUL Bl TAVTOC.

Ac Bolye éva tapddelypa UTOAOYIOUOD TNE TEPLOBIXAC AUTOCUCYETIONG, OTOL padveTton Eexdiopo Xou 1) Topamdve
WBLoTNTOL

ITopdderypa 10.1:

Bpeite v neplodiny] auToGUGYETION TOU GHUATOG

x(t) = Acos(2m fot — 0) (10.14)

Abon:
Ané Tov oplopd, Exoupe

bu(r) = — / st + )it = [ Acos(2r fot — 0) A cos(2r ot + ) — 0)dt (10.15)
To ), T ),
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AQ

= — cos(2m fot — @) cos(27 fot + 27 for — 0)dt (10.16)
To Jr,
A? 1 1

=T - (§ cos(4m fot + 27 for — 20) + 3 COS(*QTfoT))dt (10.17)
A? 1 1

=T ( /TO (5 cos(4r fot + 2w for — 20)dt + 5 cos (2 fo7) /TO dt) (10.18)

2

_ 4 (/ L cos(am fot + 2n for — 20)dt + T, COS(27Tf0T)> (10.19)

TO TO 2 2

OTO YENOCLLOTOACOHE TNV TAUTOTNTO
1 1
cos(a) cos(b) = 3 cos(a +b) + B cos(a — b) (10.20)
O mpitog bpog e Lyéone (10.19) wobtan pe undév, we ohoxAfpwua Nutdvou oe wio teplodo. ‘Apa TeAxd
2

(1) = A? cos(2m foT) (10.21)

Ta duo chpata pofvovion 6To Lyfua Iopatnerote 6t 1 apywr) @don —0 Be datrpeltan 0TO AnoTEAECUA

0 x(t) = Acos(2mf,t — 6)

VAN Ve dye S -

Yynuo 10.2: Ieprodixr) avtoovoyénion Ilapadefypatog m 1.
e autoovoyétone. IpocéEte 6T N Teplodiny| autocuoyETion TopoLoldlel TEPLOBIXE UEYLOTA Xot EASYLOTA, OTWE
e M poper) Tou cos(2m foT). Autd onpaiver TL To TEpLOdINS ofua x(t) €xel UEYLOTN OUOLGTNTA UE TOV ‘‘UE-
TATOTOUEVD” XaTd £ = T €0UTO TOU TG Ypovxéc oTiypés t = kTy, k € Z. Avtideta, to nepodixd ohpo x(t) éxel
eEAGYLO TN oUoldTNTA 1) €vTEADS avTiletn Hop@r) UE TO “UETATOTUOUEVD” XUTd t = T €UTH TOU TIC YPOVIXEC OTLYUES
t = k12 Auté emPeBadiveton oxpiBde and tn dododnot| po.
Eniong, to apyx6 neplodixd ofua avantiooeton o Xelpd Fourier we

A o A ., . .
(t) = Acos(2mfot —0) = 56_J6632Wf0t + 56]96_32Wf0t = Xyel?mfot 4 Xemi2mfot (10.22)

%ot Gpot oL GUVTEAEG TEC TOU Elval

A

X, = 5e*ﬂ9 (10.23)
A .

X5 = e (10.24)
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H avtocuoyétion avantiooeton o Xelpd Fourier we

A? A? A : :
(1) = 5 cos(27 for) = Ieﬂﬂf‘” + Ie*ﬂ”ﬁ” = X(z,leﬂ”f‘” + X;le*ﬂ”f” (10.25)

IopatneRote 6T mpdyyott

Xy = | X (10.26)
X, = X7 (10.27)
|

10.2.1.2 Avutocvuoyetion Enpdtev Ioyxybog
H évvola tng avtocuoyétiong unopel va yevixeudel yio ofjparto oy o wg

T

. 1 .
(1) = Tngrrloo oT [T ¥ (t)z(t + 7)dt (10.28)

pe T' pio omoladrimote Ty Ypovixol Slao TAUATOS, Yo T(t) uyodid, eved yio TpotyHaTixd ofuata 0 0plouos Tpomo-

TOLETAL 1C
T

6ulr) = yJim_ 5 [ a0t i (10.29)

H daduaota utohoyiopol tng auTocuoyETIoNG ONUATLY Loy 00¢ EXEL HEYIAEC OUOLOTNTEC UE TOV UTONOYIOUO
e oUVENENG - Oyt Tuyala, aol Ta Suo ohoxhnpduato wotdlouv. Ag UTONOYICOUPE TNV AUTOCUCYETION BUO TOAD
YVOOTOY YIS ONUATWY Loy Yog.

IMopddetypo 10.2:

No Bpedel n autocuoyétion tTou ohpatoc TS Bruatixfic cuvdptnong

2(t) = u(?) (10.30)

Abon:
Kotaoxeudlovtog 10 YeTatomopévo orfjua Oo TeEnel Vo BloaxplVOUPE TIC TEPLTTMOELS YL TIG TWWES TOU T, OTWS GTO
Syuo T v mepintwon (o) tou LyAuatoc [10.3] woyder 61 —7 < 0 = 7 > 0. Tére

=T | A | T

| _u(t+T) |

(@ | i |
I §—> I
| E u(t) | .
: —T 0 : Tt
| A :
I u(t) u(t +7) |

® | ! : |
| S |
I : I
i 0 —F | >

Syfua 10.3: Hepittddoes otov vnodoyioud tng avtoovoxétions tov Llapadetyuatog m 2.

S e 1"
Tgrfooﬁ/_ x<t)x<t+7)dt_Tgrfmﬁ/_Tu(t)uaH)dt (10.31)

G (T)

T
I 1 1
li — = I —T == 10.32
750 2T /0 dt=lm o5l =3 (10.32)
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Avtiotowya, vty nepintwon (B), wybet 61 —7 > 0 = 7 < 0. Té1e

1" 1"
Gulr) = Jim [ a0l e = i o K e+ 7y (10.33)
. I 1 1
= im5r / L= lim o (Tr) =5 (10:34)
Apo tehnd
1
$a(T) =5 VT (10.35)

Moupotneriote 6t 1 auto-opotdtnta e z(t) = u(t) de yetoPdiheton ye v Tdpodo tou ypdvou!

IMoedderypa 10.3:

No Beedel n autocuoyETion Tou GHUATOS TNE CLUVEETNOTE TEOCHHUOU

x(t) = sgn(t) (10.36)

Adon:
Koataoxeudlovtog to yetatoniopévo oo Oo TEENEL Vo SLaxpiVOUUE TIC TEQLTTWOELS Yid TS TWES TOU T, OIS 0TO
Zyua 35. Tty nepintoon (o) Tou Lyhuortog [10.4] wylel 6t —7 < 0 =7 > 0. Téte

T A T

| |
! sgn(t +71) |4 !

(@) : : sgn(t) :
! : ! .
i —T 0 i t
| ' |
| - :
| |
| |
| A |
| |
: sgn(t) sgn(t +7) |

(B) | 1 : ;
I — I
| . | »
| 0 —T [ Tt
| H |
| ; |
i ~1 :

Yyfuo 10.4: Iepintddoes otov vnoloyioud tns avtoovoxétions Ilapadetyuatog m 3.

I I
— lim — — lim — 10.
¢z (T) T /_Tx(t)x(t+7)dt o /_T sgn(t)sgn(t + 7)dt (10.37)
1 —T 5 0 T 1

AvticTowa, v Ty nepintwon (B), wyldel 61 —7 > 0 = 7 < 0. Téte ye dpoo axpPic tpémo (deilte to!)
TPOX\OTNEL OTL
do(r) = 1 (10.39)

Apa TeEMnd
o (1) =1 V1 (10.40)

IMopotneriote 6Tl x €86 1 awto-opoldtnTe Tou ofpatos x(t) = sgn(t) de yetoPdiheton ye v Tépodo tou ypbdvou!
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10.2.1.3 Avurtocvuoyétion nudtwv Evépyelag

Téhog, N aUTOCUGYETION ULYadXDY oNudtey evépyelac oplletol w¢

+oo
Pz(T) = / z*(t)x(t+ 7)dt (10.41)
EVE) YLOL TROYUOTIXG Gnpata, €XOUUE TV (Bla oyéon ywelc ouluyla:
+oo
O (1) = / z(t)x(t + 7)dt (10.42)

Me uia mpddTn avdyVmon TwV TOEATEvVe CYECEWY, Glyoupd EYETE TAPATNENOEL OTL 1) QUTOCUCYETIOT EVOS OHUATOS
evépyeloc poldlel TohD Ye Tn GUVENEY TOU GNUATOG EVERYELUC YE TOV EQUTO Tou. LUvTouo Yo Solue 0 oyéon mou
g ouvdéel. 1lpog o mopdy ag olue Eva TUEEDBELY A UTOAOYIGHOU QUTOCUCYETIONG EVOS TTOAD YVKOO TOU UAS ORUATOS.

ITopaderywo 10.4:

TroloyloTe TNV AUTOCUGYETION TOL GHUATOG

x(t) = Arect(%) (10.43)

Abon:
To oloxhipwya Tne autocucyETIoNe tepthofBdvel to ofua z(t + 7), mou amotelel plal HETATOTLON TOU GHUNTOS
x(t) xotd 7. H petatémorn auth unopel va eivon deter|  apvnuixd, énoe xaw oty cuvéhdn. ‘Eyouue Aowndv Tic
axohovdec Tepintdoelc Tov Lyuatog [10.50 Tha tnv nepintwon (o), Yo €youpe

Arect[t +T] 0 Arect t
a T A T
@ L :/
7772 —T *T+Z T O z ;t
2 2 2 2
A
) : : A :
e »
-3 5 Ty 0 7 t
A
A
v) E P i
T >
= 0% 3 g t
A
(6) : A : :
T »
. 0 Loz t

Sy 10.5: Hepintdoes ator vrodoyioud tns avroovoxénons Hapadetyparos |10L4.
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$a(7) =0 (10.44)
T0 omolo loyleL Yo
T T
—T+§<—§@T>T (1045)
T tnv mepintwon (B), ebvou
+o0 -+ 4T
o (T) = (t)z(t + 7)dt = C A2t = 42| T er— a2 (10.46)
’ —00 —% 7% .
To omolo loyleL Yl
T T T T
7T+§>*§%O(L*T*§<7§<:>O<T<T (10.47)
L ouvéyewo, otny mepintwon (), €xouue
+oo T z
bu(T) = / r(t)x(t +7)dt = / 3 A?dt = A%t T AT + A7 (10.48)
—00 —T—% 2
70 omolo oy UeL yia
T T T _ T
—T—§<§%O(L—T+§>§<:>—T<T<O (10.49)
eved Y TNy epintwon (3) elvon npogavée 6L
¢2(7) =0 (10.50)
yiot
T T
—T—§>§<:>T<—T (10.51)

Suvohind, n autoouoyétiorn tou ofuatoc x(t) = Arect(%) ebvon

0, T<=Txut>T 0, T<=Txat>T
¢u(T) = AXT+7), -T<7<0 =4 A2T(1+75), -T<7<0 (10.52)
AX(T—-71), 0<7<T AT1-7%), 0<7<T

To mopandve onpa dev elvar xavévo GARO omd T0 YVWOTO Hog Tetywvind nahud! ‘Apa
o (T) = AQTtri<%) (10.53)

Mapotneriote dtL 1 auto-opgoldtnta Tou z(t) awidvel oo didotnua [—T, 0], ptdvovtag oe Péyiotn T yio 7 = 0,
6tav to ofua x(t) ovunintel ye ) petatomopévn “éxdoon’”’ tou z(t 4+ 7). T 7 = 0, n autocuoyétion YpdpeTon

e
—+o0

+oo
62(0) = / e(at+7)| _dt= / 22(1)dt = E, (10.54)
—c0 7=0 — 00
mou elvan 1 evépyeta Tou ofuatoc x(t)! Autéd elvon pior yevind WdTTo Tg autocuoyétiong xat Yo T SolpE Xou
TopodTw, 6tay Yo avoapepUolUe O XATOLEG YPNOWES WBLOTNTESC TWV GUCYETICEWY.

Fevixdtepa, 1 oyéon ueto€h aUTOGUCYETIONS XAl TOU PUOUATIXOD TEPLEYOUEVOU EVOS GUATOC EVEPYELIS UTTOPEL
vau Wwiel and ) oxomd tng auto-oyotdtnTag. ‘Eva ofpa cvoyetiletan “Béhtiota’’ pe tov eautd tou yio T = 0,
Omw¢ elBaue, SNA. Yloo UNdeViX YeTATOTIOY. Sexivedvtog and 7 = 0, 600 petatonileton To oAU TEOS TA APLOTERH
Bnh. vy T > 0), N auto-opotdtnta apyiler xou @divel, dpo 1 CUVAETNOTN AVTOCUCYETIONS TEETEL VoL EIVOL Lol U1
ad&ouoa ouvdptnon tou 7, Y 7 > 0. Ta apiBde avtiotoya toydouy xou yio petatonion npog ta dedid. T éva
ofuo z(t) mov ahhdlel apyd (xon dpo ebvon yapunAic ouyvétntac), N autocusyéTion Tou Ya ahhdlel apyd, agold 1
QTO-0UOLOTNTA Tou Var aAAGCeL apyd. Avtideta, éva ofjua udmAirg ouyvotntog Yo Exel autocucyETion ToL ahhdlel
yeryopo. BAémouye hotmdv 6Tt T0 oy fudt TG AUTOCUGYETIONG ¢y (T) EYEL BUETT) OYEOT) UE TO PUOUATIXG TEPLEYOUEVO
Tou ofjporog z(t)!
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10.2.2 Exepocuocyétion

H etepooucyétion opileton we 1 mpdén ouoyétione duo onudtwv z(t), y(t), xou poc diver mhnpogopla mou
oyetileton ye v opodtnTa tou x(t) e 1o y(t) ouvapthoel Tou ypovou. Ilpénel va toviotel €€ apyric dtL N mEdln
TNC ETEPOCUGYETIONS BEV EVOL AVTIUETOWETIXY, OTWE QUTYH TNE AUTOCUCYETIONS. 1ol TopdBeLYUa, 1) ETEROCUCYETION
Tou z(t) ue o y(t) dev eivou ev Yével (Bl cuvdptnom pe tTnv etepocuoyétion tou y(t) pe to z(t). Lovtopa Yo dodue
QUTEC TIC AETTOUERELEC.

10.2.2.1 IIepiodixr) Etepoocuoyeétion

ot meplodixd ofjuara we xowr meplodo Tp, 1 neplodixy) ETEpOCUGYETION Puy (T) TV onudtwy x(t), y(t) oplleto
Q1S

1
Gay(7) = — / & (D)y(t + 7)dt (10.55)
To Jr,
EVE 1) TEPLOBIXT| ETEPOCUGYETION Py (T), 0pileTon e
1
Oya(T) = 7/ Yy (t)x(t + 7)dt (10.56)
To Jr,

ue ) ouluylo va TopokeineTton dtay Tor oot Vol TEOY LOLTLXGL.

Axohovd®VTAC OUOLO0 GHETTIXG UE TNV OQUTOCUCYETION TEPLOBIXWY ONUATWY, UTOPOVUUE VoL avanTOEOLYE Tal dUO
ofpata oe Xepd Fourier wg

+0oo ) ) +o0o ' ‘
w(t) = Y XpePU L y(t) = Y VyeltmHo! (10.57)
k=—o00 k=—o0

Me avuxatdotaon wwyv Xyéoenv (10.57) otic Lyéoewc (10.5510.56]) prnopolue vo e€dyoupe oyéoeic pe autée yua

MV aUTOCUOYETION. O Belloupe apéons THOE avanTOCOETOL 1) ETEPOCUCYETION Pgy(T) ot Meipd Fourier, eved o
VoY VOO TNG UTopel Vo e€dyel Ty avtioTolyn oy€oT YLol TNV ETEPOCUCYETION Pyy (T).

‘Eyoupe

1 =3 -
By (7) = ?/ ( Z XkejQﬂ'kfot> ( Z Ylejzwzfo(t+r))dt (10.58)
0 /Ty l=—00

k=—o0

1 'S j2mk f = 27l fot 527l fi

_ 2 ( Xped2mk t)( Y;ed2mifot gi2m OT)dt (10.59)
To J, k;oo l;oo
1 +oo . +oo ) .

_ ( Z XZYke_]QTkaOT + Z X};ky—le]%rlforej%r(l—k)fot)dt (1060)
To Jz, k=—00 k#l=—00
1, I , I . ,

- 7( X;Yed2mkfor / dt+ . Xpyer / eﬂ’f(l*k)fotdt) (10.61)
Tod, = To kl=—o0 To

xan Eavd Aoy e Lyéone (10.10]), o Seltepog dpoc e mapandve oyéone undeviletar. Ondte ev téhel

“+oo
bay(T) = D X} Yjel T (10.62)

k=—oc0
KotoahiZope hotmdv btL av duo neplodind, pe tny o teplodo, ofpata z(t), y(t) éxouv cuvteheotéc Fourier Xy, Yy,
téte 1 etepocuayéTion tou z(t) e to y(t) unopel va avantuyVel oe Leipd Fourier ye ouvteleotéc X} Y.
10.2.2.2 Ertepoocuocyétiorn Inudteyv Ioybvog
TCevixdtepa, Yo ofjuata Loy 00g 1 ETEROCUCYETION ¢y (T) TwV onudtev z(t), y(t) oplleta wg

1 T
ay(r) = lm oo [T ¥ (O)y(t + 7)dt (10.63)
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EVE) 1) ETEPOCUOYETION Pya (T), 0piletan we

1 T
bya(T) = Tl_iffoo 3T /_T Yy (t)z(t + 7)dt (10.64)

pe ) ouluyia va mapokeineton 6Ty Tor oot elvol TEOY ATIXG.

Ac Solye éva Tapdderya UTONOYLIOMOU ETEPOCUOYETIONS BUO TOAY YVWOTWY oNpdtwy woybog tou eidoue Eeyw-
ploTd vepltepa, Tne Pruatinic ouvdetnong x(t) = u(t) xaw g cuvdptnong mpooruov, y(t) = sgn(t).

IMogdderypa 10.5:

TrohoyioTte TNV ETELOCUGYETION Pay (T) TV ONUETCOV
x(t) = sgn(t) (10.65)
X0l
y(t) = u(t) (10.66)
Abon:

Koartaoxevdlovtoc to yetatoniopévo ofjuo O TeEnel var SlaxpliVOUUE TIC TEQITTWOELS Yia TS TWES TOU T, OIS 0T
Yyt Tt v mepintwon (o) tov LyAuatog [10.6} woyder 61 —7 <0 =7 > 0. Tore

I =T A 1T
: u(t + 7) 1 !
(@ : sgn(t) I
| —> :
| :
| H | >
— : | t
| |
| |
t -1 I
| |
| |
| A |
: sgn(t) u(t + 7) :
B 1 ' I
: -
| H |
| 0 -7 | t
| |
| |
] -1 |
| |

Syua 10.6: Iepintddoes otov vnodoyioud tng etepoovoxétions Iapadetyuatog 5.

1 /7 1 0 T
= 1 B — = 1 — | — 10.
Gay(T) Tl_l)Iiloo 2T/T x(t)y(t + 7)dt Phm 2T< /_T dt +/0 dt) (10.67)
) 1 0 T 1
_TETmﬁ(_t]fr—i_t]o) T2 (10.68)

eved Yl Ty Tepintwon (B) tou Blou oyfuatog, woylel étt —1 > 0 =7 < 0, xou T6TE

1T 1T
Guy(T) = TETOO 5T /T z(t)y(t + 7)dt = Tngrrloo o7 [T dt (10.69)
. 1 77 1
=l o] =5 (1070)
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Onéte 1 eTepOCLOYETION gy (T) TV oNudtwy z(t) = sgn(t) xou y(t) = u(t) ebvou

Pay(T) = % vr (10.71)

10.2.2.3 Ezepoocuoyétion Inudtwyv Evépyeiag

TENOC, 1) ETEPOCUOYETION Pgy (T) HryadinddV onudtwy evépyewas z(t), y(t) oplletan we

“+oo
Guy(T) = [ a* ()y(t +7)dt (10.72)

EVE 1) ETEPOCUOYETION ¢y (T), opiletan wg

+oo
Pya(T) = / y*(t)x(t + 7)dt (10.73)
— 00
napodelnovtog T ouluyio 6tav ta x(t), y(t) elvon TporyuaTid.
EOxoho napatnpel xavele 6t 1 etepocuoyétion woldlel okl pe 0 cLVENEYN Buo oNUTWY, dAAd TEOPAVKOS eV
elvon Towtdonueg npdéel - olvtopa Yo dolue TN oyéon mou Tic cuvdéel. Ag Bolue €va TapddELYUd UTOAOYIGHOD
ETEPOCUCYETIONG ONUATLV.

ITapaderywo 10.6:

Trohoylote TNV €1EOCUCYETION Pupy (T) TV ONUETEOV
x(t) = e “u(t) (10.74)
prees
y(t) = e 2u(t) (10.75)
ue a > 0.
Abon:
Ac ypnowonowcouye ahyePBpixr| pédodo, uia xou ta duo ofuata elvon dretpne didpxetac. Eivou
“+o0
6u7) = [ aO(e-+ i (10.76)
+oo
= / e~ e 22y (Yu(t + 7)dt (10.77)
—o0

To ywéuevo u(t)u(t + 7) avolbetor we

1, t>0xut>—71
u(t)u(t +7) = (10.78)
0, oAhol

xou yioo —7 < 0 = 7 > 0, 10 ohoxAfpwpa tne Lyéone (10.77) yiveto

—2aT oo —3at —2art 1 —3at Feo
Guy(T) =€ /0 e "Mdt=e —3a° }0 (10.79)
1 1
= —S—Qe—QM(o —1)= 3—ae—2m (10.80)
eved Yo —7 > 0 = 7 < 0, 10 (510 ohoxApwua YiveTal

+oo 1 400
Gay(T) = 6_2‘”/ e 3 dt = —3—6_2‘”6_30‘1 = (10.81)

T « -7
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1 —2a 3at 1

- = T _ aty _ = aT 10.82
35.¢ (0 —e’*) 35¢ (10.82)

Yuvolud .
Gay(T) = 3 (e_QMu(T) + e‘”u(—T)) (10.83)

o
u

IMopatnerosic

1.

Ot cuoyetioelc €youv xdnotec TOAD evBlaPépouoes OYECELS HETOED TOUC, TIC ONUAVTIXOTERES EX TWYV OTOIWY
Yo anoprdunioovye oe authyv v Iopdypapo.

H cuvdptnon autocuoyétiong elvon dpTiol cuvdpETNoN:
G (T) = Qu(—7) (10.84)

Mrnogelte va to emPefoumdoete o OAa T OYETIXA TORUDEY AT TOU €YOUUE BEL WS TWEOL.

. H yéyiom tn tneg ouvdptnong avtoouoyétiong cuyfaivel tn ypovixh otiyu ) 7 = 0, OnA. yio undevixt

petatémon tou z(t 4+ 7). Téte to dvo ofpara x(t) xou z(t + T) tawtillovton. T mpayuatixd
7=0

ofpota EVERYELIS, Loy VEL

+oo
0.0 <6000 = [ a0yt =B, (10.85)
pe B, nv evépyewa tou ofjpotog z(t). T mpayuatid ofpata woyvog n oyéon nou npoxintel efvon 1
1 +T )
< = lim — - .
627 < 0(0) = Jim o [ oy = . (10.56)

pe Py péon woyd tou ofjportog z(t). Téhog, yio mpaypaticd meplodind ofjuata, €ouue
1
67| < 6:(0) = - [ ()it =P, (10.87)
T() TO

pe Py tn péon oyl tou meplodixol ofjpatos x(t), ool to meplodixd oot eivon xon autd ouarta
oy voc.

. Av 10 ofua z(t) elvon teplodind ye nepiodo Tp, 1 TeplodIn AUTOCUCYETION ¢z (T) Exel xt aUTA TNV (Bl

neplodo Tp.

H cuvdptnom avtoousyétione ¢, (7) dev nepiéyel TAnpogopla yio tny apywy| @dor tou opatoc z(t).

. H ouvdptnomn etepocuoyéTiong ¢q, (T) Ser elvon anapaitnta dptia cuvdptnon:

@bry(T) 7£ ¢xy(_7') (10.88)

‘Opwe umopel edxoha va detydel 611
Pay(T) = ya(—T) (10.89)

pe ) ovluyio vo mapoakeinetar Gty tor ofjparta z(t), y(t) elvon TeaypoTind.

Av 1 etepocuoyéTion BUO GNUATOV Pgy(T) elvan undeviny| yio xdlde t € RN, t6te T ofuwara x(t), y(t)
ovoudlovton acvoyéniota.

O oplopol TV CUCYETICEWY TEAYHATIXMY TEPLOBIXDY CNUATWY Xl CTUATWY EVERPYELNS EYOUV UEYEAN
opoldtnto Ue tov oploud e ouvélEne. Aelte:

1 1
Cay(t) = T /TU x(7)y(t — 1)dr Buy(t) = T /TO z(T)y(r + t)dr (10.90)
o0 +o00
Cay(t) = /7 z(r)y(t — 7)dr Pay(t) = [ o(T)y(r + t)dr (10.91)
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UE Cgy(t) TN OUVENETN TV onudtwy z(t), y(t). Lt napandve oyéoels, ahhdEoue Tic WeTaBANTES &, T
HeTo€l TOUG GTOL OROXATEWUATA TWV CUCYETICEWY, Yo Vo avadetydel xahdTepa 1 OUOLOTNTAL UE TNV
TpdEN tNg cuvENENC.

Mrnopei xovelc vo del€el OtL, 0N YeEVIXOTERN LOPPY TOUS, OL GUVUPTHOELS CUGYETIONG UTOPOUY Vol
Yeapolv Ue TNV Teddn tng cLVEMENC wg

¢a(1) = 2" (—7) * 2(7) (10.92)
bay(T) = 27 (=7) * y(7) (10.93)
Gya(T) = y*(=7) * x(7) (10.94)

610V TPoYavVKS 0 TeheoThc e ouluyiog mapaheineton dtav Tor ofparta x(t), y(t) elvon TearypoTid.

10.2.3 Xoapaxtnprotixd ITapadeiypata

Yy Hoapdypoapo auth nopotéToupe UEEIXE YENOULO TORUDEY AT IOV EUTAEXOUY CUCYETIOELS, Yo TEQUTEQ®
T3 TOL AVOY VOO T,

ITopddervypa 10.7:

Trohoylote 11 CUVAETNOT AUTOCUCYETIONE TOU GHUATOG

z(t) = e “u(t), a>0 (10.95)

Avon:
O npoomadoovue va MOGOUUE AUTO TO TOPADELYUA Ywplc TN YeHon oyfuatos, 6nwe ota tponyolueva. And to
0ploUS TN AUTOCUOYETIONG, EYOVUE

“+oo
bu(7) = / 2(t)a(t + 7)dt (10.96)

— 00

To ofpa z(t) = e~ “u(t) exwvd and to t = 0 xou extelveton w¢ 10 +00. To ofua z(t + 7) dlvetan wg

zt+71)=e "yt +71), a>0 (10.97)

H petatéomon 7 umopel va ebvan Yetinf 1 apyntnr]. Xty nepintwon mou 7 < 0, 10 ofjua yetatonileton npog o
dedid, xon Eexvd amd tn ypovixh oyl t = 7. Ondte o yvopevo z(T)z(t + 7) Yo etvon ) undevixd oto didotnua
[T, +00). Apa

+oo +oo
1
(1) = / e~ tem ot gy — ef‘”/ e 24t = —e, T <0 (10.98)
—t —t 2a
Yy nepintwon mou 7 > 0, T0 oHuo HETUTOTULETOL TPOS TA UPLOTEPY, XU EEXWVE amd T XEOVIXH OTIYUR & = —T.

Onéte 10 ywoépevo z(7)z(t + 7) Yo ebvan un undevixd oto didotnua [0, +00). Apa

+oo +oo 1
d)x(T) _ / efatefa(tJr‘r)dt — efa'r/ 672atdt _ 7670/1'7 >0 (1099)
0 0 2a
"Apo umopotye va ypdoupe HTu
1
(1) = 276—alt\, a>0 (10.100)
a

TTopdderypa 10.8:

Xenowonoldvtog tTne aviootnta Schwarz

‘/m y(t+7) dt( /+Oo Ix(t)l2dt/+w ly(t)|?dt (10.101)

— 00 — 00
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Ocite 611

(@) |¢ay(T)] < V/¢2(0)¢y (0)
(B) [02(7)] < [62(0)]

Abon
(o) Etvan
(7 = | / ot i / j z(t)"dt [ +: [y () 2t = ¢2(0)6, (0) (10.102)
Gy (7] < \/m (10.103)
(®) Eivou
¢ (T ’/“’" z(t+7) dt‘ /:o (t)|2dt/_+: lz(t)|?dt = ¢2(0) (10.104)
|92(7)] < |¢2(0)] (10.105)

IMopdderypa 10.9:

TrohoyioTe TV ETEEOGUOYETION Py (T) TEV BUO TAEUXETE GNUATWY.

t—1
— 2
z(t) = rect( T ) (10.106)
1-t, 0<t<1
y(t) = (10.107)
0, Aol
Beeite v etepocuoyétion ¢y (T) yweic vo xdvete Eavd mpdieic.
Abon:
Kévouye v petatpont| z(t) — x(t + 7) énec oto Syfua[10.7 Apo Yo éyoupe Tic €ZAC TEPNTMOOELC:
y(t
R
ot +17)

| | > 1—1¢

| |

| | >

—T 1-7 0 1 t

Eyhua 10.7: Apyikoroinon etepoovoyétions Iapadetypatos 9.

[ ]
1-7<0=7>1, ye ¢y(7) =0 (10.108)
°
l—7>0xu —7<0<=0<7<1 (10.109)
e

1—7
Pya(T) = /0 (I-tdt=t— | = % —~ 372 (10.110)
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l—7>1xn —7<1l<=-1<7<0 (10.111)
UE
! 211 1 1,
d)uw(T) = / (1-t)dt=t— — =—+T+ =T (10.112)
., 2] 7 2 2
[ ]
T < =1, YE Gyu(T) =0 (10.113)
Apa
% — %7’2, 0<r<1
bye(T) = 474372 —1<7<0 (10.114)
0, oAAOU

Ané YVooTEC WDOTNTES, Py (T) = Pyu(—T)

10.3 Qaocpatixég ITuxvotnteg

‘Eyoupe del oe mponyoluevo xe@dhaio 6Tl Tor ofjuato loybog dev unopolyv vo yeketndoly Ue Tov 0plopd Tou
petaoy. Fourier, xaddc to oyetund ohoxhfpwpa 8¢ cuyxiivel. ot TNy edpeon TOU PETATYNUATIONOV, YpNoylo-
TooaUE €vvoleg OTwe owTh TN ouvdptnone Aéhta. Axduo xon t6TE Suwe, éva ofua dev elvon BéPono oTL Exel
petaoy. Fourier. Autd mpogavide 9étel mpoPBAfuota 6tav H€hel xavelc vo HEAETACEL TO QPUCHATIXG TIEPIEY OUEVO
TETOLWY OoNUdTRVY 1 av VéAel va uehethioel Ty é€odo evog I'XA cuothuatog 6tav otny elcodd tou mapousidletal
éva oo .oy 0og. Xe QUTES TIC TEPITTAOOELS, XUTAPEVYOUUE GE EVOANAXTIXOVE TPOTOUE UTOAOYIOUO) TOU QPUCUATIXNOD
TEpLEOUEVOL, Xou auTol oL TpdToL TepthauBdvouy T HEAETY TwV peTaoy. Fourier twv cuvaptroewy cucyétiong, oL
onolot ovoudlovta Pacuatixée ITuxvotnteg.

Ye autiv v mopdypago Yo culnthicoupe v Tic Poouatixés ITuxvétntes xou tn onuacia Toug.

10.3.1 Paocpatixég ITuxvotnteg Evépyeiag

Ac Eexwvrjooupe and ta oHUOTA EVERYELIS, TGV OTOIWY Ol QUoHATIXES TuXVOTNTES ovoudlovton Paouatikés TTu-
kvotntes Evépyeias - Energy Spectral Densities. H ®aopatier Iuxvotnta Evépyeloc avanapotd thy katavoun
NS €vépyelas touv onuatog avd cuYVOTITA.

O petaoy. Fourier tne autocusyétiong ¢, () evic - pyadixol ev yével - ofipatog evépyetog (t) eivou

F{¢a(r)} = /Jm (/m 2 (D)t + T)dt)e_j%deT (10.115)

:/_:Ox*a)(/:o (i + m)e 2 dr ) di (10.116)
:/_jx*(t)X(f)eﬂ”ftdt (10.117)
= X(f) /_:O z*(t)ed It dt (10.118)
= X(NX*(f) (10.119)
= [X(NP (10.120)

6mou ot Byéon (10.116) alhdEope T oelpd ohoxhfipwong expetalheudpevol to Oedpnuo Fubinil| Hapatnpotye

rowndv 6Tl o yetoaoy. Fourier tng autoouoyétione evog onpatog evépyelag etvou

1To Oedbpnuo Fubini avagépet 6tu  e&lowon

//f(x,y)dacdy:/dx/f(x,y)dy:/dy/f(m,y)dz (10.121)

elvau éyxupn, dnh. N oelpd ohoxhApwone oe éva DG ohoxhApwua uropel vor ahNEEeL, av xodéva and o enLuépous ohoxhnpmuota elvon
nenepacéva 6tay o1n VeEon e cuvdptnone npoc ohoxhiewon f(x,y) Bdhovue v |f(z,y)|. o tumxd, av ioyder TOLAEYIGTOV WLat
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o TROYUOTIX CUVEETNOT
o Vetueh yio xdde f € R
o £ZopTOUEVN Uévo and yetacy. Fourier tou ofuatog evépyetag x(t) - mou elpacte olyovpol 6TL UTdEYEL.

Ot mapamdve napatnerioelc eivon Tohd onuavtixés, yiott o petaoy. Fourier tng autocuoyétione elvar avedptntog
TOU QAoPUTOS Pdong Tou ofuatog. Autd onpalvel 6Tl 1 peTaxivnom TOU GHHATOS 0TO YEdVo elval dveu onuaciag
v to petacy. Fourier tng autocuoyétiong. O uetacy. Fourier tng autocuoyétiong evog ohpatog evépyelag
ovoudletar Pacpatixr ITuxvotnta Evépyeiag - Energy Spectral Density, xa cuyfolileta we

+<>o
O, (f) = F{¢u(r)} = / Je 7T dr = | X (f)? (10.126)
Avtiotpdgne, 1 ouvdptnor autocucyétione unopel va Beedel péow tne Pacuotiic Huxvétnrac Evépyelog we
+oo )
¢u(T) = / | X(f))Pe* 7 df (10.127)

Av Yéoouvye T = 0 oy napandve oyéor, EYouue

¢m(0)/+m fdf = /+OO f)?df = E, (10.128)

Aoyw tou Oewpruatog tou Parseval. H teheutaio oyéon vrootnpllel oxplBoe v npdtacy| Hog oyeTixd YE TO
poro g Pacyuatiic IMuxvotntag Evépyelac we avamopdo taoy e XaTavounc TNg eVERYELNS EVOS GHHATOS oV
oUYVOTNTOL.

Axohovddvrag ta (dior Brigorte, av utoloyicouye to petooy. Fourier tng etepocuoyétions dqy(T) Suo onudtmy
evépyetac x(t), y(t), Yo xatadiovue ot oyéon

Py (f) = F{ouy(1)} = X*(HY () (10.129)

7 omola - avtloTtotya pe mply - ovoudletar Arapacpatixy ITuxvotnta Evépyeiag - Interspectral Energy
Density. Avtiotouya, yiot TV ETEPOCVOYETION @y (T), Vot elvon

Pyo(f) = Floye(7)} =Y (/) X(f) (10.130)

Ac¢ Solye duo mapadelypoTa.
it
Yy Hopdypago unohoYlooue TNV AUTOGUGYETION TOU TETEAYWwVIX0) ool xau Setloue 6Tt

o (7) = A2Ttri<%) (10.131)

Beeite ) ®aocyotin Tuxvétnta Evépyelog.

\. J

and Tic oxéoelc

/X (/Y | f (z, y)ldy)dac < o0 (10.122)
/Y (/X f (=, y)ldw>dy <oo (10.123)
t61e
[ e wide.) < (10.124)
XXY

ol

//facy)dxdy—/dx/fxydy—/dy/fxy (10.125)

Mot tétota cuvIhxn oy leL oHUaTa EVERYELNC, OTIOTE UTOPOUKE VoL XPNOULOTOLAGOVUE To BN,
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Abon:
H Paopatixd Iuxvétnto Evépyetag @, (f) diveton edxoha we
®,(f) = A’T%sinc®(fT) (10.132)
vyt yvwelloupe ot
Arect(%) > X(f) = AT'sinc(fT) (10.133)
pees )
|X(f)?> = (ATsinc(fT))" = A*T?sinc®(fT) = ®.(f) (10.134)

Iopdderypa 10.11:

Yy Hapdypago [10.2.1.3] vnoroylooue v e1ep0cUoYETION Puy(T) TV onudtev z(t) = e~ u(t) xou
y(t) = e 2%u(t), pe a > 0, xou tn Perxope lon pe

_ b
3

Pay(T) (6‘2"‘%(7) + e‘”u(—T)) (10.135)

Beeite ™ Awagoopotinr ITuxvomto Evépyetog.

Abon:
H Awgoopatind TTuxvétnra Evépyetag @,y (f) Siveton w¢ o petaoy. Fourier g ¢g, (1), dnA.

1/ 1 1 1 1
L ar ar, ([ el = 10.1
3a(6 u(r) +e*Tu( T)) = 3a(2a+j27rf+afj27rf) 2a+ j27f)(a —j2n f) (10.136)

B)énoupe 611 To amotédespa eivon to (Blo pe to ywvopevo X* ()Y (f):
N - 1 o 1
X = <a+j27rf) T a—jonf (10.137)
1

Y(f)= ———— 10.1

(f) 501 2n] (10.138)
* 1

X(NHY(f) = (10.139)

(a = j2nf)(2a + j27 f)

10.3.2 Paocpatixég ITuxvotnteg Ioydog

T opata Loy bog, unopolv vo oplotoly avtiotoyes évvoles. Ltn oulftnom mov axohoudel, Ya Sty wpicouue
TG TMEPUTITWOELS ONUATWY oY VOS OE TEPLOBIXE ol ).
10.3.2.1 Paocpatixéc I[Tuxvotnteg Ieprodixdy Lnudtwy

Tt meplodixd oruota pe meplodo Ty, 1 AUTOCUCYETIOT TOUG BlveTal WG

1
a(7) = — / e (D) (t + 7)dt (10.140)
TO TO
Ac oploouye 1o ofjua
1 [t
bu(T) = ?/ (¢, To)x(t + 7)dt (10.141)
0 J—-oc0

émou to x(t, Tp) amotehel pia ubévo mepiodo tou meplodixod ohjuatoc - dpa etvat éva ofua evépyeas. Eidaue voplitepa
OTL YLOL OTUATOL EVEQYELNS, 1] AUTOCUCYETION TouG Unopel vou ypopel e yeon e medéng tne cLVENENC wg

¢ (T) = 2" (—7) *x 2(T) (10.142)
‘Etot, 1 Xyéon (10.141) umopel va ypapel w¢

G (7) = =" (—7,Tp) * (1) (10.143)
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To x(7) tne mopandve oyéone Tapauével éva Teplodixd ofua, xou yvwpeilovue 6Tl éva Teptodind oo Umopel va
Yoopel we N oLUVEMEN TNg Pacwic Teptddou Tou Ue wa oelpd and ouvopthoele Aéhta. Apo to z(T) unopel va
yeapel wg
(1) = (1, Tp) * 01, (7) = (7, To) * Z 5(r — KTp) (10.144)
k=—o0

Avuxadhotodvrag oy Lyéon (10.143), éxovue

6a(7) = " (=7 To) ¢ (2 i) 5 B, () (10.145)
= Tio(:v*(—ﬂ To) * z(, To)) * 07, (T) (10.146)
¢x(1,70)
= TL%(T, To) * o1, (7) (10.147)
0

6mou ¢y (7, Tp) cvuBoriler v avtocuoyétion e Pacixic teptddou tou ofuatoc (1 onola, urevduuilouye, etvon
o EVERYELIG).

IIede epunveder xavelc v nopandve oyéorn; Eivou Eexddapo 6Tl 1 autocuoyETion evog MeEpLOBXol GHUATOC
unogel vo utoloylotel oe duo BriworTas

Y roloyiopods Avtocuoyetiong Ieplodixod Xrpatog

1. Trohoyiloupe v avtooucyétion woc teptddou x(t, Tp) tov Teptodixod ofjpatos x(t).

2. EmavohoufBdvoupe to anotélecpo o TOAATAACI TNE TEELOdoU, BNA.

¢u(T) = %(T To) * 61y(7) = 7 Z o (7 — KTo, Tp) (10.148)

k——oo

. J

Acel&ape buwg eniong otny Hapdypoago [10.2.1.1 6Tt y autocuoyétion evog TepLodixol GHUATOC avanTOOCETOL OE
Yeipd Fourier w¢

—+oo
Gu(T) = Y | Xy [Pl (10.149)
k=—o00
¢ omnolag o petacy. Fourier eivon
+oo
> 1XkPa(f —~ kfo) (10.150)
k=—o00

Eivan 1 nopamdve oyéon i1oodivoaun e to petaoy. Fourier tng Yyéong (10.147); Ac to dolye.

F{¢a(7)} = %F{¢z(7, To) * 67, (1)} (10.151)
= = F{0u(r, To)} F (67, (r)} (10.152)

0
= Ti%(f, To)A(f) (10.153)

0

ue
A(f) = Tlo i Z 3(f = kfo) (10.154)
k*—oo

T0 uetaoy. Fourier ploc oelpde and cuvaptroeic Aéhta mou anéyouv Ty yetald toug. Ev tékel n Yyéon (10.153)
YedpeTaL

Flon(n)} = - 0ul £, To) - LSS s(r— k) (10.155)

k——oo



Kegpdrowo 10. Jvoyetioeic xow Poacpatixég ITuxvotnteg 489

1
=72 k;w ®,(kfo, To)3(f — kfo) (10.156)

pe @.(f) = |X(f,T0)]? wn Paocuotieh Muxvétnra Evépyelac tou ofparoc z(t, Tp), dnh. Tou ofjuatoc g Booic
TEELODOL.

Eivar miéov Eexdidapo, cuyxpivovtog tic Lyéoewc (10.153}10.156) 6t

1
Xil? = =0,.(f, T, 10.157
Xl = @l h )] (10.157)

IIée epunvedeton N nopandve oyéon; Ov cuviehestéc Fourier tng autocuoyétiong evdg meplodixol oroTog
UTopOVY VoL UTOAOYIGTOVY o€ Buo Priwota:

Yrohoyiopwdg Pacpatixnic ITuxvotntag Ioybog Ilepodixod YHuatog

1. Trohoyiloupe 1 Poopatind Iuxvétnta Evépyeae @, (f, Tp) mog teptddou x(t, Tp) - mou eivon ofjua
EVEPYELUCS - TOU TEPLOBIXOY ofpartog x(t).

2. Aevypotolnntobue tnv napandve Pocpatier Iuxvotnta Evépyetag avd k fo, xou to anotélecpa noi-
hamhaotdleton Ye T
0

3. H ®aoyatuag Huxvétnta Ioybog diveta we

+o0
@, (f) = TLOQ > ®a(kfo, T0)3(f — kfo) (10.158)
k=—oc0

Ac Bolpe pepind mopadelyparta.

ITopdderypa 10.12:

AeiZape otny Hopdypapo [10.2.1.1{ 6t yia 1o mepiodind ofjua z(t) = Acos(2n fy — 6), n autocuoyétion Tov
dlveTon we
2

¢z (1) = A? cos(2m foT) (10.159)

Trohloylote T Pacuotue [uxvétnta Ioydoc.

Abon:
H ®aoyatiag Huxvémnta Ioybog tou divetan wg

P, (f) = F{oa(7)} = %5(1‘ — fo) + Azd(f + fo) (10.160)

ITopdderypa 10.13:

To nepodixd oo x(t) mou neptypdpeton ot wa nepiod6 Tou we

1, 0<t<T

0, T<t<Ty

x(t, Tp) = (10.161)

ue T =Ty /4. Trohoyiote tn Pacuatnd Huxvétnta Ioydoc tou.

Abon:
Mrogolue va Bpodue to {nroduevo Beloxovtag npwta ty Pocuotiny Huxvétnra Evépyelag tou ofuatog yiog
neptédou, x(t, Tp), xou otn cuvéyewa vo derypatohnrTicoupe to anotélecua avd k fo. Téhog, nolamiacidloupe to
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anotéheopa pe ) otadepd 1/TF xou Yo éyoupe 16T Toug cuvteheotée Fourier g awtocuoyétiong tou Teplodinol
ofuaroc. o to ofjpa x(t, Tp) €xouye

2 T2 T
= 20 ine? (fi) (10.162)

Ty . To\ _iontTo
o (F.T0) = X (D) = | Jhsine (£ Je 2% = 28 .

Actypotornntovtag avd f = kfy = Tﬁo, k € Z xo molhamhaoiédlovioac pe t otadepd 1/15, éyoupe

T2 T 1 k
2 Ogne?(f20 2 oine2
| Xe|” = T2 16 sinc (f 1 )}f:% 16smc (4) (10.163)
Omnéte tehind .
1 o0
q)w(f):TGk; sinc ( ) (f — kfo) (10.164)
]

Av axohoudficouue tov (B8l0 GUNNOYLOUO Yol TNV ETEQOGUGYETION Py (T) TEPLOBIXGY ONUATWY, UTOPOUUE VoL
dei&ouvye oL

+oo
Dy (f) = C,}02<I>.7mJ(f,To)6T10(f) = > X;Yid(f - kfo) (10.165)
k=—o0
6mou
Duy(f, To) = X*(f, To)Y (f, To) (10.166)

N Awgoopatixf ITuxvétnta Evépyewg, X*(f,To) o petacy. Fourier tou ofuatoc z(t, Tp), xau Y (f,Tp) o avti-
ototyog tou ohpatog y(t, Tp). H nopandve oyéon o diver 6T

1

Xy = = X"(kfo,To) (10.167)
Ty
1

Vi = — Y (kfo, To) (10.168)
To

10.3.2.2 QPacpatixeg ITuxvotnteg Aneplodixmy Xnudtoy Ioybog

Ac Bpolpe, téhog, TIc OYECEIC TOU GUVBEEOUV TIC CUOYETIOELS ONUATWY toYVOC UE TO XMPO TS CLYVOTNHTOC.
'Onwe vwpltepa, o petaoy. Fourier tne avtocuoyétione onudtwy woybog ovopdleton Paouatikn Hukydnta Ioydos,
eve o avtiotolyog e etepocuayétione ovopdletan Awgaouanikyy Hvkvonta Ioyvog, dnh.

G2 (T) «— Da(f) (10.169)
Gay(T) — Puy(f) (10.170)
Gya(T) < Pya(f) (10.171)

‘Oupwg, yor okl onuovTiny dlapopd o oxéor ue o ofjdota evépyelog elvon 6Tl o uetaoy. Fourier twv cuoye-
tloewv onudtev oybog de oyetileton ye to petacy. Fourier twv onudtwv woybog. Mnogel duwg xaveic va deilel
ot vl Tor ofjata Loy o

@,(f) = lim ‘X £.T (2 (10.172)
ue ,
X(f,T)= F{x(t)rect(f)} (10.173)

dnh. o bpoc X (f,T) ouuBohilel to yetaocy. Fourier tou nopaduponomuévou ofpatoc z(t). To mopandve 6pto pro-
pel Suwe vo uny urmdpyet. Autéd pac odnyel otn damioTworn OTL 1) UEAETN ONUATWY LoYOC GTO YWEO TNG CUYVOTNTAC
npénel va yivel péow tou uetaoy. Fourier twv cuoyetioewy, dnh. wéow tne ebpeorng twv Pacuatixwy Iuxvothtwy
Ioybog.
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ITopaderywo 10.14:

Sty Hopdypogo [10.2.1.2f Sei€ope dtL 1 avtocuoyétion ¢, (T) Tou ohpatoc oyvoc z(t) = sgn(t) eivou
(1) =1 V7 (10.174)

Trohloylote T Pacuotuer Iuxvétnta Ioydoc.

Avon:
H ®acyotix Huxvdnta Ioybog diveton ebxoha w¢

0. (f) = F{¢x(7)} = F{1} = 6(f) (10.175)
|

ITopdderypa 10.15:

Yy Bua Hopdypapo dellope dtL 1 autocuoyétion ¢, (T) tou ohpatoc oylboc z(t) = u(t) elvou

$a(T) = % vr (10.176)

Trohoylote ) Pacyatue] Huxvétnta Ioydoc.

Abon:
H ®aocpatiny Iuxvétnta Ioybog diveton edxoha wg

D, (f) = F{oa(7)} = F{%} = %6(1‘) (10.177)

10.3.3 Iduotnteg Pacpatixwy ITuxvothtwy
O Qaopatixeg Iuxvotnrae €éyouv Tic axdhoudeg WBLOTNTES.

(&) D.(f) = Pu(—f), Yo mporyporTind chuota.

() @2(f) 20, V/f.

10.3.4 Xoapoaxtnprotixd ITapadeiypata

ITopaderywo 10.16:

'‘Ectw o YVwotd 6og oruota

z(t) = e u(t), a>0 (10.178)
y(t) = e 2™ u(t), a>0 (10.179)

(o) Tmohoylote T CUVAETNOT MVTOCUGYETIONS Pgy(T) TOU GHUATOC Z(1).
(B") Tmohoyiote tn Pacyotind) HMuxvétnta Evépyelde tou, @q.(f).
Y

(v)) YTrmohoyilote tn ouvdptnom etepocucyéTons Puy(T) %ot Awagoopatixd Muxvétnia Evépyelag,

Dy (f)-

Abon:

o) Eivow

bu(7) = /+OO e~ u(t)e” Uyt + 7)dt = e T / e ey (t)u(t + 7)dt (10.180)
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400
=e 7 / e 2y (t)u(t 4 7)dt

Eivar

—

, t>0xut>—1
0, oAhov

u(t)u(t+7) =

'Exoupe 800 nepint®oeic:

o 7<0=7>0, t6T€

+
__ _—aT > —2at __ _—QaT 1 —2at oo
¢w (T) =€ e dt=c¢e —e
0 a

e —7>0=7<0, to1¢

+oo
1 +oo
d):v('r) — e—a‘r/ €—2atdt — QT 5 e—2at:|

Omnéte cuvolxd

B") Eivou
() =X = || =
R S la+g2nfl T a2 4 4n2f2
v) Eivau
+0o0 +oo
Guy(T) = / e_atu(t)e_Qa(t’LT)u(t +7)dt = e 27 / ety (t)u(t 4 7)dt

‘Opota pe mptv Saxplvoupe 800 mepTTOoELS:

e YNy mpwn mepinTwon

foo 2 1 3at] T
77'<O:>T>O:¢xy(7'):e*2‘”/ e 3t = 72T ——¢ 3
0 -3« 0
1 5 1
_ T O _ 1 - OLT7 > O
3ae ( ) 3@6 T
e Xtn deltepn mepintwon
“+oo
1 +o0
—T>0=7<0:¢yy(r) = 6_2‘”/ e 3t = —3—6_20‘76_3“]
—r « —T
1 1
— —370[6_20”—(0 _ e3at) — 370[60”—77- <0
Yuvohxd )
Gay(T) = 3 (6_207—1&(7’) + eo‘Tu(—T)>

H Awgpaouoatixy Huxvotnta Evépyetag diveton wg

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

a+j2nf '204+j27rf
B 1 1
~ (a—j2nf) (2a+j52nf)
1

~ (a—j2nf) (20 + j2n f)

(10.181)

(10.182)

(10.183)

(10.184)

(10.185)

(10.186)

(10.187)

(10.188)

(10.189)

(10.190)

(10.191)

(10.192)

(10.193)

(10.194)

(10.195)

(10.196)

(10.197)
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IMopaderywo 10.17:

H Awgpacuatixr Huxvotnta Evépyetag evog ofjpotog dlveton o¢
2sinc(2f)
@, = —= 10.198
) = et (10.198)
Bpeite Tic €1EpOCUCYETIOES TV ONUETOV, Gpy(T), Gye(T).
Abon:
I'vopiCoupe 6T
Doy (f) — Pay(T) (10.199)
onote apxel va Bpolue tov avtiote. petaocy. Fourier tng Awgaopatinic Iuxvétnrag Evépyelog. Eivou
3 1 T —27
(bwy(f) = QSIDC(Qf)m — ¢$y(7) = rect(§> * € U(T) (10200)
Trohoyilovtac tn cLVEMEN, €xoupe
1(1— e 2r+D), -l<7<1
Gay(T) = L(e720-D 204Dy r 5 (10.201)
0, aAhoU
Dvoptlovtag 6Tt ¢y (T) = Pya(—T), €xouue
1(1— 2077, -1<7<1
Gya(T) = L(e20F7) —e=20-7) 7 < (10.202)
0, Aol
|



