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Yriodeiéelc yia tn MES

2to 1° B€pa va Helte mola yvwotd kavaAla oxetilovtal He To UVOETO KAVAAL TTOU
oag Sivetal. Na Seite Toug mivakeg kot to mapadelypa otic dtadaveleg 38-44. e
QUTOU TOU €l60UG TOl KOVAALDL N MEYLOTN XWPNTLKOTNTO EMLTUYXAVETOL OTAV Ol
rnBavotnteg epdavionc Twv 2 cUPPOAWV L6060V 0TO EMLUEPOUC SUABLKO KaVAAL
elval loec peta€L touc.

210 2° B€pa va beite tn pebBodoloyia UTIOAOYLOUWY OE YPOUULKOUG KWOLKES KOl
Kwolkec Hamming, (dtadavela 4).

210 3° B€pa Steukpviletal OTL uTtoAoYLoUOC Tou Yndiou Lootipiag x5 yivetat
QUEOWE HOALS Ta Pndia ul, u2, u3 kat u4 KaTtaAdBouV TIC TPWTEC TECOEPELG
B€oelc pvnung tou kwdikomownt. Na deite kat tn dtadaveia 10.

210 4° O€pa amaltteital aAL n pebodoloyiol UTTOAOYLOUWY OE YPAUULIKOUC KWOLKEC,
va deite kal tn dtadavela 16.

210 5° B€pa €xoupe To ogvApLO avaloylkng dtapopdpwonc SSB, va deite kal T
Stadavela 22.

210 6° B€pa utapyxouv dLadopa EMAVOANTITIKA EPWTHUATA OE UTTOAOYLOMOUC
daopdtwy, dtapoppwoelc FM kot PCM. Ta epwtipata (B)-(6) eivat aveéaptnta
Tou (a). Aeite kat tn Stadavela 29.

210 7° B€pa va akoAouBroete TNV UTTOSELEN Kal vOL OKEDTELTE TLC ATTAVTINOELG
urtoBetovtag mpwta €va diktuo Emumedwv 0 €wg 2 pe 2 kOpPouc oto Eminedo 1
KOLL 0TI CUVEXELQ VO YEVIKEVOETE TLC ATMOVTNOELS 0aC cUUdWvVA LE Tt {NTOUHEVAL.
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OEMA 3 /TES/112

2Toyoc THC doknyons civar n eCoikeiwon e Evvoisg ka1 aAyopiBuovc mov spapudélovial os
YPOULTIKODS KWOIKES eAEYyyov opdiuatoc. Xyetika Géuota: T'E5/2010-11/04, I'E5/2009-10/64,
EEZA/2009-10/05, EEA/2008-9/05 ka1 EEB/2009-10/65.

Aideton 1) fdon tov dvikod kddikoe C * evog ypoppukov kddke C: (1011100, 1101010,
0111001).
Zntovvtal To akdAovba:
1. Na Bpebei o mivakag wotipiog H tov C,
2. Noa npocdiopiebei o yevvitopag mivakeg G tov kdowko C kot va derybei 011 0 kdOKOC
QVTOC €ivail CLOTNUOTIKOS Kot Hamming,
3. Na Ppebei n didotaon kot 1) omdcTact Tov kddika C, kabbg kot o puBpdg
TANpoQopiog Tov.
4. Na mpocdioptotovv ot kodkég Aé€eig Tov C ko va amokmdikorombei n Anedeica amd
tov dekTn A&EN 1=[1100001].

Evdeixtiy MeBodoioyia: No vmoloyioete tovg mivakes H ka1 G cbupwva ie Tov 0pioio Touc.
H améotoon tov wivaxa vo vmoloyiabsl ue ™) ypnon tov kavove tov afpoicuatog 1 [UOEVIKMV
AéCewv tov mivako 1ootiiog. Ta vmoioima ueyeln civar epapuoyéc twv opioimv tovg. 1ia 10
televtaio epotnua, Oo TPETEl VO EQAPUOGETE OpPYIKG TO CYETIKO KPITHPIO KOI UETA VO
OIKALIOAOYNOETE TO OTOTEAEGUO. TOD KPITHPIOD.
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['vopilovue 611 01 6TiAeg ToV mivaka wootipiog H evog kddwa C amotedovv
™ Bdon tov avticTorrov dvikod kddwa C- . ‘Apa 1 fdon mov Sivel
daoknorn Ba avrictoryel otic otieg Tov H tov kddwka C. Emouévoc o

mivakog wotiioc H ko divetan g €€ng:
1 1 0

B O e O
TR
D O e
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M
H =
2. Av o mivokog wootipiog evog kdoka oynuoriletonr amd [f ] , 0t 0 G
oynuotileton amd Tov mivoka, G=U0 M] , OTOTE
1 0 0 O
0 1 0 O
&=lo o 1 o
0 0 0 1 :
O k®owKag 0wTdg etvor GLOTNUATIKOS, aeoV 0 G givon oe popen IIKAI'. Emiong,
o0 k®okog eivor Hamming, a@od o kdokog eivorl pikove n=7 Kol 0 Tivokog

ehéyyov wotiac H amoptileton amd ohec Tic ovvatég pun unosvikés Aééelc
unkovg 1=3 (BA. Tov opioud kddko Hamming, cel. 151 Bipiiov, Opionoc 4.6).
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o va Bpebodv o1 mapdauetpor (n, k, d) tov kdoéwo C aélomorovue TOV

mivaka wotipiog H. Eivor mpogoavég 6tin =7 wor k=4, T va Ppebdei n

andctact d mpénel vo vroloyiotel 0 eAdyiotog apfude ypoauudv tov H tov

omoimv To dfpoicpa weovton pe 0.

To aBpoioua tprodv ypoppdv tov H, e 2", 4" ko 5" ypoppung tov wivakae H

wovtar pe 0. Anhadiy, [0 1 11+[1 1 11+[1 0 ol=[0 0 o]l @

TpEMEL va onuelmBel OTL dev vdpysl Afpoicua 2 YPOUIOV TOL VO IGOVTOL [LE

0. Emopévog n andéctacn tov wivaka sivor d=3 .

Apa (n, k, d) = (7, 4, 3). O puBuog mhnpopopiog Tov kO®OK divetan (GEA.
loga| €| _loga(277477) 27 —1-r 4

117) a6  n 27-1 @ 2-1 7.
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4. To mBoc tov kodikdv Aééewmv Ommg tpokvntel (oel. 152) diveton amd

271 =24 =16 Agdopévou 6Tt To pnkog sivar 4, O gpnoiyLoromicm T
dvadikeég Ae€eig pikovg 4 ¢ pivopo TAnpoeopiog u kot Bo Tig

kodonomjom coppava pe to & = UG ondte hapfave

Mnvon Koduam) A£ln
o
0000 0000000
0001 0001111
0010 0010101
0011 0011010
0100 0100011
0101 0101100
0110 0110110
0111 0111001
1000 1000110
1001 1001001
1010 1010011
1011 1011100
1100 1100101
1101 1101010
1110 1110000
1111 1111111
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H A&én mov AapPdvetar eléyyeton pe To kprrfpo © = 7' =0 (BA. ogh. 145
— Topoc A’ Oeopia ITAnpoeopioc ko Kmdwkomoinong). v TpoKeEVT
1 1 O

s=rH=[1 1 0 0 0 0 1]

D O e O
-
D D e e

mepint®oT), Ba Eyovpe
s=[1 0 ol
AnNAadn To amotédecpa dev ival unodév Kail emopévac 1 Anedeica AEEN dsv
avikel otov K@dwka. Eropévoc, £xel vmootel aAloiowon e€outiog cQolpdTov
mov £yovv cvuPei. O kdoikog Hamming dopbdver £m¢ éva cpdipa. To s
avtiotoysi otnv 5" ypouun tov mivako H kol smopévoe 1o c@dipo £yet
vrewoédfel oto 57 bit e AnebBeicac Aééne. H kodwkn AEEN mov oTdAbnke
ftav n 1 1 0 0 1 0 1 o1 emopévoe To prjvope TAnpo@opioc
‘1100°.
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OEMA 3 ME5 /1011

ZToyoc e doknonc civar n eCotkeiwon e TiC facikes apyéc TS Bewmploc KwOIKOTOINoNS Kal
VPOUUTIKOV KOOIKWV UTAOK eAEYyov opdiuotoc. Zyctikes aokhoelg. O5/EZA/2008-09, @3-
4/TE5/2008-09.

BzmpeioTe OLUOIKO KOOKO TOL AVTIGTOLYEL (VYT dLUdIKOV YNEiOV TApOQOpIiag LIE
KoOKEG AE€e1c m¢ axkoAovbac:

| A&En Minvowoniac | Koduei  Aéén |
00 00000
01 01101
10 10111
11 11010

(o) Agiéte 6T 0 kOOWKaC eivor Zvomnuotikog Kaowkag ELEyyov [cotyiog, kot ekppdote  Ta
ynoia kabs kodknc AEENS Le Ypaikd GUVOLUGLO TOV OVTIGTOIY®V YNeinv TANpoPopiac.
(P) Bpeite tov ['svvntopa mivaka kot £va [Tivaka EA&yyov Icotiiog Tov kdowka.
(v) Zynuarticete mivaka Tomkng Ardtaéng Amokmdwkonoinong yie ITAMIIL. vrobétovrog 6T
1 Kodk) AEEN netadidetor péca and éva Avadikd Zvppetpikd Atovio pe mBavotnTa
CQAaApOTOC € < YA,
(6) Bpeite yia v Tomikn owdtaén anokmdikonoinong ITAMIT:

(1) ITécol cuvovacpoi tov 1, 2, Kol 3 6EUAIATOV OTOKOOIKOTOLOVVTOL GOGTA;

(1) ITécot givar cGuvolikd ot cuvovacuol tov 1. 2, kot 3 cooApdtov;
() Bpeite xou oyedidote ) mBavOTTO ECOAALEVI|C OTOKOOIKOTOIN GG, ®G GUVAPTI|CN] TG
mOavOTNTOS GOAALATOC € < Y2 TOV Avadikov ZvppeTpikod Afaviov.
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Avon
(i). Amd tov mivaka ovriotowiog TV Swieuov AéEemv mAnpogopiagu = (i, ., ) e TG
TEVTOYNQLEC KOOKES AEEeg x = (X, X5, X3, X, . X5 ), mopatnpolpe 6Tt Yo KaOs Ko A&En:

a) X, =u,.

b) X, =u,,
c) x, =u, Pu,.
d) X, = Uy,
e) xs=u, Du,
Emne101],
A) x;=u,,

B) x,=u,.
C) Ola ta ymoio (x,.x,.x;.x,.x;) 10OV KOOKOV Aé&eov eivon Ipappukoi Zvvévacyol

oV yneiov (i, ., ) g TAnpogopiog,
0 k®OKag sivor Zvotnuatikde Kadwog ELEyyov Iootipiog.

11
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i) AWo TiC Tapamdveo TYEGELS YPLOV TANpopopias e Yela Koduwoy Aelemv, EyouuE OTL O
vevvijTopas mivaxas G xm o mivaxos eleyyov woripias H etvan:
1

101 11
o110 1)

L s T = R - R
[ TR IO i T = N~

Lo T e T R
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iii) H tomkn 0wdtoén anmokmdkonoinong tov kdoka yio ITAMIT sivou:

YYNAPOMO MPOTYIIO
LOPAAMATOXL
0 0 0 0O 0 0] 0 |0
1 1 1 1 0 0| 0 | O
1 0 1 O 1 /0] 0 |0
1 0 0 0O 0 (1] 0 |0
0 1 0 0] 0 0] 1 0
0 0 1 O] 0 O] O 1
0 1 1 0| 0 0] 1 1 |(sire 1 0 1 0 0)
1 1 0 0] 0 |11 0 [(sirze 1 0 0 0 1)
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iv) ZOueova e n Tomkn owdtaén anrokmotkonoinong yio ITAMIT:
a) OTOK®MOIKOTOIOVVIUL YMPIC CRAALLM, 1] 0 KOOKACS £YEL T SOLVATOTNTO O10PBmENC
a.  OAoV (Tévte) TV NOTAEEOV LEPOVOUEVOV GOUAUATOV IETAOOOTC,
b. 710 mOAD VO datdéemv OmAOD GRAALATOC,
c. Kouiog ordtaéng TPImAoy GEAALLOTOC.
b) cvvokikd ot cuvovacuol Tov 1, 2, kol 3 ceuiudtov, sivar 25:
a. mévie (5) duTacelg LEPLOVOUEVOV CQUALATOV,

st (5)
b. déka (10) dwtdéeic OumAod GQAALLOTOC = 0l = [ 5
13!

c. 0éxka (10) dwtdaerg Tpumhov codipotog =

£l
W th
e

N

14
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v) Zopeova te Ty Tkl odtaén anokmolkonoinong yia ITAMIL, n mbavétnta cpdilatog,
®¢ cVVAPTNOT NG TOAVOTNTIS GRAALATOS € < Y52 TOL Avadikoy XvpupeTpikod Aioviov, eivar:

Pi(e)=1-(1-e) - 5¢(1-¢)* — 2¢7(1-¢)’
Onov o 6poc (1-£)’ mpokdmrer amd TV Sdtaén pndevicod (00000) AdBouce, o époc Se(1-¢)*

amd Tic S TMpoC S10pBdGILEC FUTAEEIC LELOVOLEVOL GOAALOTOC, Kot 0 Opog 2&°(1-€) amd
T1¢ 2 (ex TV 0éKa) Matdéelg Ao o@diatog mov viobetovvtor ot TAA yio ITAMIL
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OEMA 4 [E5 /1011

2Toyoc TS doknens civor N eCoikeiwon e Evvoieg koa alyopiBuovg mov spapuolovror o
VPOUUIKODS KWOIKES EAEYYOD GQAAUGTOC. LYeTIKEC aoKkNoElS: pepikas o O3/ TES5/2006-7 ko1 n
aoknon avtoocioloynonc 4.14 .

Atveton k®okeg Hamming C={0000000, 0001110, 0010111, 0011001, 0100011, 0101101,
0110100, 0111010, 1000101, 1001011, 1010010, 1011100, 1100111, 1101000, 1110001,
I1T11115.

ZmrouvTol

() Evag yevvitopog mivakag tov C, o avtiotolyog mivakog eAEyyov wootipiag H, n dwdotaon
Ko 1 andéotact) Tov Kodowka C,

(P) H Tomuc Avdtaén Arokmowomnoinone (TAA) tov koowka C,

(v) Na d1opBwbei, epdcov eivar dvvatov, 1 Anebeica A&En 1010100°. Eniong, Bsopdvtog 01t
KOTA TI HETAd00T TG KookNe AEEne ‘11010007 eppavictnkov cedAate oe 6vo BEcelg Kot
eMeOn tedka 1 Agén ‘1101011°, va efetootel av eivor dvvarny 1 opbn dwopbwon ¢
A@Ocicac AEENC oty KooK AEEN OV HETOOOONKE. Kot

(6) Eivan 0 kddwac Hamming téAe10¢ KOOMKOC,

16
EAN/NAH22/AGH.3/5n 0%%/ 27.04.2013/ N.Anuntpilou




(o) A tov dedopévo kdOKo Aopfdvovpe Tov katmbt yevvitopa mivako G kot Tov
OVTICTOYO TOV TWIVaKa EAEYYOL 1GOTILING.

1 0 1
| | 0O 1 1
1 0 0 0 1 0 1
1 1 1
0O 1 0 0 0 1 1
G = .xkar H=1 1 0
0O 0 1 0 1 1 1
- 1 0 0O
0O 0 0 1 1 1 0
0O 1 0O
0 0 1

H owdotaon tov C eivon 4 (ion pe ta mtAnboc tov ypouudv tov G) Kot 11 0mocToon
ion pe 3 (ion ue to ehdy1oto Papoc TV Un UNOEVIKOV KOMK®OV Aéewv Tov C).

17
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(B) YroAloyilovtog To yivoUEVO TOVL TTivaKo EAEYYOL 100TILIOG e TIG AEEEIC EAdIGTOL
Bapovg 0000001, 0000010, 0000100, 0001000, 0010000, 0100000 war 1000000
umopov e va mpocdlopicovpie tn (nrovpevn TAA.
0000001.H=001,
0000010.H=010,
0000100.H=100,
0001000.H=110
0010000.H=111
0100000.H= 011 xazt
1000000.H=101.
‘Eyovpe AdPet 0Aa o dvvartd covopouo. Emopévoc:

TAA
Oomyoc cuvoudoas | Xovopouo
000000 000
0000001 001
0000010 010
0000100 100
0001000 110
0010000 111
0100000 011
1000000 101

18
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(v) H AnobBeica Ae€n ‘1010100° morhamiacialopevn pe tov mivaka H odnyei oto
covopopno ‘110° ko emopéveg TOov 00MYO GLVOUAOUS 1| MPOTLTO GEAALLUTOC
‘0001000° o dpa 1 koo ALEn sivor 1 1010100°+°0001000°="1011100".
[Tapépota, yio ™ Anedeica Ae€n ‘11010117 AapPdavovpe 1o cidvopopo 0117 ko
eMOLLEVOC TO mpdTLTO cedAportoc ‘0100000°, To omoio mpooTiOEUEVO e T AneBeica

AEEN odnyel ot AEEN 10010117 n omoia dev sivor oume 11 Kook A&€n 1101000’
OV PETHOOONKE.
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(0) 1;1{11, :ﬁfn:mlg avaeépetal ot ceiida 150 tov Pifiiov, yio n=7 ko1 d=3 vrdpyst
TEAE10C KOOKOG Kot avTdg eivor 0 kdowkog Hamming. ITpdypoatt, yio to mAbog tov
KOOKOV  AECE®V  TOL  KOOWKO  1OYVEL  TO  YOPUKINPIGTIKO  KPITHPLO

ok 27 128
— = apod 16 =—— (deite xor TNV AoKNON

RN

avtoaloloynenc 4.14).

CT
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Eotm 1o onpa x(r) = {5111 c[ r'l_26 J + s1n c( .f;r26 H +24cos(27t).

@) No vroroyicete Kot va oyedideete 10 ¢pacd TAdtove Tov anuotos, X (f).

B) No vmoloyicete kot vo oyedldcere 1o QAGUE TOL  GNUOTOS MOV  MPOKLATEL omd TN GLVEMEN:

Y(f)=X(/)*| 8(f—100)+5(f+100) ] .

¥) No oyedidoete 10 @douo tov ofuetog Z( ) mov Bo mpokdyet 6tav to onfua pe edouo Y (f) (mov vroroyictike

GTO MPONYOVEVO EPOTNUO) TePdTel omd 100vVIKO Pubumepatd GIATPO [LOVOOIKiOV TAGTOVE KUl GLUYVOTNTUS UMOKOTNC
100Hz .

21
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(o) T'vopilovpe ot
simc(r) <> recr(f)

sinc(at) <> —r ecr(i
a a

asinc(at) <> recr(i}
a
Emonevoc:
sin C(LJ <> 12rect(12f)
12
AALG:

{Shlc(ruﬁ)+smc[ f1+26 H —[5(1—6)+ 5(”6)]{51110[ ;_2 H

O MX Fourier cutol TOU GIIATOS £1VOl TO YIVOUEVO £vOC GuVILTOVOL (A6Ym Tov 1% dpov) Kat evog TETpay®VIKOD

ool (Aoym tov 2% 6pov), dni. 1o 2 cos(23f6) 12rect (1 Zf) =24 Cos(ZfrfG) rect (1 2f) :

22
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Evoiloktikd 6o pmopoicolle vo QupIOGOVIE TOV GUVOLOGO TOV 1010TITOV ¥POVIKIS OAIGONGN S Kot aALayg
KALOKOC TOV [leTaoynuoTicudy Fourler

ool Lo %)

Apa gyovpe via
Emouevog éyovue

1

s

1,1 T |
sinc('rl_;]:sinc{ d —l}{ 1202 i I e 12 :12H(12f)¢3_""2”6

23
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Opoimg

|l\)||—-

—ji2af
. (t=6) . t 1) ae—m=— 1 L _
smc( - J:smc(lz +EJ< 22 ; I1 { e 2 =120I(12f)e*°
12 \12
Apa

! +26J<—>12H(12f)[e‘f”f‘” +e?7 | =12TT(12f)[ 2cos (27£6) | = 24TT(12 f ) cos (1271 )
Omnote to ofuo x(t) £Ye1 HETUGYNUOTIGUO

X(f)=24cos(127f)TI(12f)+12[ 8(f—1)+S(f+1)]

24
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To @douo ovtov Tov GNIOTOC UIVETUL GTO TO KUTM GYILLO.
A

X(7)

-1 -1/24 0 1/24
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(B) H cuvéAién cvtod Tov GNaToC e TO G [c?(f —100)+0o(f+ IUU)] gtvat:

Y(f)=X(f)*|5(f-100)+5(f+100)|=X(f-100)+X(f+100)=
24| cos(1277( £ ~100)) rect (12( £ ~100))+cos (127 ( £ +100)) rect (12( £ +100) ) |+

+12[(5(f—101)+5(f —99))+(§(f+101)+.-§(f+99))]

Aniaon to X(f) petotomileton kotd = 700, onroon:

A

Y(h)

24

T t" L.

-101 -100-1/24  -100 -100+1/24 -99 99 100-1/24 100 100+1/24 101 f

26
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(v) Otav avtd mepdoet thpo and éva Pobovneputd cuyvomrog anokomic 100Hz oty £€odo Ba. Eyovle To:
Z(f) :Y(f)HBP(f):
24| cos (127 f =100)) rect (12( £ ~100))+cos (127 £ +100)) rect (12( £ +100)) | +

+12[(§(f—101)+5(f—99))+(5(f+101)+5(f+99))]recr(ﬁ]

'H omo¢ oaivetol 6Tto emoleve GyUaTo:
A

Y(h)

24

| Lf\m‘\ L

-101 -100-1/24  -100 -100+1/24 -99

100-1/24 100 100+1/24 101 f

27
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-100

(1)

24

12

T T

-100+1/24 -99 99 100-1/24 100
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OLMA 6 ES /1112

2T1éy0c THS doknac ival ) emavainyny o Béuata mov GyeTi(ovial |E TOV TPOGOIOPIGO TOD
POOUOTOS TAGTODS YOPOKTHPIOTIKMOV TOAUMDY, UE TIGC OVOLOYIKEC OIOUOPPMOEIS TAATOVS Kol
OLYVOTNTAG, UE TNV TOALOKWOIKY O1GUOPQYMGY], UE THYV TOADTAECIO O10IpETHS GLYVOTHTAS KOBMS
KO [LE TI] OIEPEDLVION TEPIOOIKOTNTAS AVOAOYIKOV THUATOV.

Jyetixéc aoxnoeig: TE2/1112/03,5,7

Alvetal to onuo X, (r) =a-sinc’ (a : .f) +2a- Sinc(Za'f). a>0. To onua dopopedVeL
katd mhdtog (DSB) cuvnmrtovikd @épov ofua mhdtovg 2V kot cuyvomtag f. =a Hz ko
npokOTEL TO Sl popempévo DSB onua X, (r) .

1. Na vroloyiofel kot va cyediostei 1o Qdcpa mhdtovg Tov apyod cfpatog X, ( f) ko
tov dwpopempiévov DSB enuatog X, (f) .

2. Nuo vmobécete 6TL T0 ofud X, (f) owpopedvel katda cvyvomra (FM) pe otobepd
anékMong cvxvomrag k, =107  cvvnuitovikd gépov ofijua mhdtovg A; Kou GuxvoTTOg
Jfo =b Hz. b >>a.Na npocdiopicete Vv £KQpact) TOL S10LOpPAUEVOL GTLOTOG GTO Medio

TOL YPEVOL Kol VO VITOA0YIGETE TO £0poc {OVIE TOL SLOLOPPOIEVOD GTLUTOC.
3. Na vrobécete 611 TO oNUa X, (f) vrékelton o deryplatoAnyia e cuyvomnta 10mAdoa

™G eAdyoTNG Katd Nyquist Kot 6T GUVEYELD HETOTPENETOL GE Yneloko onua PCM, yw
LUeTddocn TOL omoiov omonteiton  onuaroBopuvPikdg Adyog TovAdyietov 40dB. Na
VTOAOYIGETE TO AMUITOVEVO £VPOC LdVNG Y TN petddoan tov ofuatog PCM, vrobétovtag
oTL N mapdpeTpog a woovton pe 100. Emiong, va mpocdiopicete molég TiEC pmopei va AdPer n
cLYvOTNTA detyatoAnyiog dote 10 ofjpota PCM e tov avotépn onpatofopufikd Adyo vo
umopovv va petadofodv Tautdypova e morvmietio dwaipeong cuyvotntag (FDM) e kavdait
gvpovg 100 kHz.

4. No Oigpgoviioete TV meprodikomTa TV &g onudtov (6mov “*’ 10 gduforo g
GUVEMENC):

(1) x,(7)
(11) x, (¢)*cos(27at)

(ii1) x, (1) *I:cos (27at)+sin(27- r*(n‘)] 7 POYRATIKOG pe 1< 7 < 2
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1. Atveta 6 X, (1) = a-sinc’ (a-1)+2a-sinc(2a-t), a >0

‘Eyovpe:
sine’ (1)« wi(f) e

<> sine’ (nf)%—fr (f]

<> gsine [af){—:-n (i]

sinc (1) «——rect(f) <

. 1
= 5111C(2nr)<L>2—recr(2i] ==
a a

< 2asine(2 r)<—>recf{ J
2a

= x, (1) = asine’ (ar )+ 2asinc (2(??)<L}frf[

|~

]Jrrecr[zi]—}fl(f)

a
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To ofjua dwpopemvel kotd midtog (DSB) cuvnutovikd @épov orfjpa mAdtovg 4 =21 ko
cvyvotntog f. =a Hz ko mpokvmrel to dwpopeopévo DSB ofua x, (r) :

To @dopa mhdtovg Tov eival o €£1)C:

1

X, (£) =S A5 (f =~ f)+ X (f + 1)) =
B éz{Xl (f_ﬂ)+irl(f+ﬂ')} = ””f( f;”]+r€r:'f{ fz;n]—l—frf( f:n]—l— recf( fz‘:ﬂ]
Y10 mapokdTo cyfpa aretkovilovtat ta edspata thdtovg X (1) xar X, (f).
X0
2
1
04 o }f
2 X
1
20 -a a  2a ‘,}
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2.
Eyovpe 61 x, (1) = [2 cos 2;’?0?)] [asincz (at)+2asinc( Zm)]

To onua x, (r) owrpopedvel katd cvyvomta (FM) upe otabepd amdkiione cuyvotntog
k, =107 ocvvnuitoviké eépov onua mhatovg 4, ko coyvémrag fo=b Hz, b>>a.

To dwpopempévo oo FM ypaeetat:
Iy
X (1) = 4, -cas(zfr;;ﬁkf | xz(ﬁ)d/l]

= COS ( 27bt +107 j {[2 cos 2?1'{7/1)] |:ﬂ5111C2 (ad)+2asinc(2al )]} dA ]

e
To evpog {dvng Tov dpopPmLEVOL GTILaTOC OlveTol amd Tov Kavova tov Carson:

w=2(D+1)f.

N

X

omov D =

32
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To ofjua mAnpogopiag x, (r) el evpog (ovncico ne f = f,  =2aHz

EE{GTI ga

1G(VEL 0Tl
max ‘xz (r)‘ = 1113}:‘[2 COS(ZR‘HT)][GSiDCZ (at)+ 2951110(2{1:)]‘ =2-(a+2a)=6a

ETELON

max ‘r:rsinc2 (at ]‘ =a, 6tav =0

max ‘Ensinc(Qm ]‘ =2a, 6tavi=0

2cos(2mat)=2. étavt=0

YVUVETMGC, EYOVLE OTL:

n LU .
Af. = Zimaxuxz (1)) = E(@:‘r) =30aH:z

Mo _30a _

omote, D = =

£ 2a

K01 TEAKA TO e0pog {OVNG TOL OOPPM®UIEVOL GNIaTOC Ba 1G0Tl LIE:

W =2(15+1)-2a Hz=64a Hz 33
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3. To ofjpa x, (r) VIOKELTOL GE OSYHaTOANYia e cuyvotnta 10TAdoo TG EAGYIGTNG KOTd
Nyquist ko1 6T GUVEYXEL PLETATPENETUL G YN@Loko oo PCM., yia ) netddoocn tov onoiov
amaiteitonl onuatofopouPikde Adoyog tovddayiotov 40dB.

H ehdpiom ovyvémra derypotoinyiog eivon ion pe f . =271 =2.2aHz =4aHz,
GUVETMS M GLYVOTITA oetynotoAnyiog TOV EPOTILATOG etva
f5:=10f, .. =10-4aHz = 40aH= .

ITpokepévon 10 x, (r)vu netadofel pe PCM kou SNR=40dB 6o mpémel va vmohoyicov|ie

MPOTO. TOV omapaitnTo ap1fud ctabumv kpaviiong.

Exovpe: SNR:'lﬂlogm(ileﬂloﬁ (Z)=20logL.

=10
N

Yovem®e o oplfude amartovuevev otabudv opowdpopene kPavromoinone Oa mpémer vo
4

wavonotel ™ oyéon 20log  L=40=L=>1 02 =100 dpo Kot €AAYIGTOV OTOITOVVTOL

L=100 otdOuec ko eme1dn Oo mpémel va ivor ovvaopn tov 2 tedkd Ba Eyovus 128 otdbuec
KPavtione.

34
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To (IE{HTDI’JIJEW} gopoc Codvne v TN UeETAOOGT)  TOL  GNUOTOC PCM eivon

B

P‘C.H_

|
slog, L==40c -7 =140 Hz =140-100Hz = 14kHz .
2

YyeTiKd e T0 20 GKELOG TOL gpmTUOTOC, Yia va 0téABovv 10 onjpuota PCM and to Kovdil
gvpove 100kHz pe morvmieéio FDM, Ba mpémel to kubéva va £yl vpog (odvng ico pe 10
kHz.

O¢tovtag B, =10kHz «o vmobétoviag tov 60 opBud otobudv  kPavtiong,

unolm,flgou LLE TNV OTOUTOVLLEVT] HEYLIOTI) CUYVOTNTO detYOTOAN YIS ¢ e&Nc:

2 10kH:
— f log, L <10kH:z < f < T‘T = 2 86kH:=

H Eluxlﬁn] GLYVOTNTO OETYLOTOAYI0G 1G0VTOL LIE f; - =4aHz=4-100Hz =400 H= .

YUVEM®C, 1 OMOITOLUEVY]  GLYVOTNTO  OslyuotoAnwiag  AauPdver  Tic  Tiuég

400Hz < f <2 .86kH:z

35
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(4-1) To ofua x, (r] EYEL GLVEYEC QUGN TAATOVS, GUVENMC OEV EIVUL TEPLOOTKO

(4-i1) To ofua x, (7)*cos(27ar) éxer aopa TAdTovg To £ENC:

t)*cos(2zat) <> X, (f { (5(f—a)+o( f+a)]}

{% f_a)+X2(f:—Cl)§(f+a)]}:
} { [5(f —a)+( f+a)]} S(f-a)+5(f +a)

r " F r [ g ]_
YOVET®C, TO GTIa eivol TEPLOAKO e TEPIOOO T = ~geac
a

36
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(4-ii1) Afveton 6Tt x, (r)*[cos(mer)+sin(2ﬁ- r -m‘)]_, F TPAYHOTIKOG e 1 < r < 2

To onfua £yel pdouo TAatovg to e&ng:

X, (r)*[cos(Zﬁm)+s'111(2fr-?'-m‘)]<L>l’3 (f)-{;[cﬁ'(fa)+§(f+a)]+2lj[c‘3(fm)c'??(erm)}}—
:%[)ﬁr(2 (a)s(f-a)+X, (—a)c?(f+n)]+2ij[)fz (ra)s(f—ra)=X,(-ra)s(f +ra)|=

:%[Xz (a)o(f—a)+X, (r:;')i:‘i(f+.r.f)]+2%1_[3{2 (ra)s(f—ra)=X,(ra)s(f+ra)]

,OmoVL 7 mpayuaTkog pe 1 <r <2

Ayvodvtag Tig axpifeic TIHES TOV EMUEPOLS TAOTOV, pmopolie va amo@aviodue OTL TO
eacue ivol akptd kol amoteheitor amd maApovg ‘6 oe 2 cLYVOTNTES, TIC O KOl 7.
I[Tpoxepévor va etval to Tedikd onpo meplodko, Ho mpémet o Adyog Tev 2 coyvottev 9 _

o
vo givol pntoc, onA 1o r (mov divetonl 6Tt Kopoiveton petold 1 ko 2) va eivol onmodnimote

pPNTOC aplbpoe.
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Auadiko kavdAr ywpic 8opuo

“ 0 —> 0
X, pylx))

X3 1 —1) 1

2 (0)

Y1

n [C(C}Fmax 1(X;Y)=1 bit. MNpoagoyn: I(
Py

x.v)=|-|q><)]

Y, py(y))

Y2

LW]=[p.(0) p, (1){[1, ﬂ

EvOdépuBo kavaAi pye un emxkaAunropeveg e§6doug

1/2 Y
X4 <
1/2 Y2
X, px(x,) Y, Py(y;) :
= o]
XZ Px
2/3 Y4
17 1 0 0
[y (1) 2y(v) py(v) pr()l=[p. () 2. ]|:0 02 1/ 2 }
3 /3
To kavdAl Z
Xq 0 1 > () Y1
Av Begoupe py(x;=0)=1-TT, KaIl py(x,=1)=TT, T0TE ATIO TA
X, py(x) f Y, py(y) pygyl) 1=1,2 wovmu aTrd TOUC TUTTOUG (B)\ dlagaveia 11)
x, 1 > 1y, a H(Y)=H((1-f)ym)

0 HOYXO=m"H(Y/X=1)=1"H(f)
Omote max [(X;Y)=max(H(Y)-H(Y/X))
=max(H((1-f)1r) - TT*H(f)) 39
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o EvB@dpufn Mpagounxavin
= {aBy.5, X, W, w}

- By & & r v a
af1/2 1/2 0 0 0 0 0 0
gl o 12 112 0o o0 0 0 0
ylo o w212 0 0 0 0
slo o o 1/21/2 0 0 0
sl o o 0 1/2 0 0 0
Lo o o o o w212 0
vlo o 0o 0 0 - 0 1/2 1/2
olt/2 0 0 0 0 0 0 1/2

Maparnpoupe 6T KABE Eva ypduKa giTe AauBaveTal cwaoTd eiTe
AdpBaveral To eTTépevE Tou pe mBavaTnTa 2. Me dedopévo 6Tl Exoupe 24
6|acpogermd OUMBoAd edv peTadibape povo kdbe SeuTtepo CUHBOAO DNnA.
B,0,,6,....X,w, T0Te pdévo autd Ta 12 cupBoAa amé Ta 24 Ba ptmopoucayv
va petadoBouv Kal oTrn GUVEXEID va ATTOKWAIKOTToINBoUV Xwpig
g@dApara. Me ahAa Adyia n xwpnTIKGTATA Tou KavaAiou eival log12 bits

270 id10 guuTTépagua Bd kataAjyaue edv JIUOTIOIOUTALIE TOV OPICHG
max 1(X;Y)=max [H(Y)-H(Y/X)]=max H(Y) -1=log24-1=log12
Py Px

Py

o Auadiko ouuueIpIKG Kavdai

x10(1;f)).0y1

X, py(x)) >< Y, Pyly)

[p,(0) p,()]=[p,(0) px(l)]{l}f lf f}

= 10GY)=H(Y)-H(Y/X)
=H(Y)-Zp(x)H(Y/X=x)

2p(x)H(f)

H(f)

1-H(f)

H(Y)
H(Y)
H(Y)

1A

Auadikdé kavdAl ps amoaféageic

1-a
Xq Y1

a

e

X, px(x;) Y, pyly))

Xy 1-a > Y2

o) ) 2all=lonte) )] 070

0 a l—a

max [(X;Y )=max(H(Y)-H(Y/X))

=max(H(Y)-H(a))
=maxH(Y)-H(a)

@a pmropouaoe va gival max H(Y)=log3 aAAd autr n Tiun dev givan eQIkTA
Yia Kaupia T TNG px(x), iI=1,2

Av BEooUE py(X,)=1-TT, Kl py(X,)=TT, TOTE Ao TA py(y,), i=1,e,2 BivovTal
atrd Toug TUTTOUC (BA. diagdveia 10) Téte

o  maxH(Y)=max H((1-a)m,a,(1-a)(1-m))=max[(1-a)*H(m)+H(a)]=(1-
a)*maxH(m)+H(a)

OT10TE TTROKUTITEL OTI

0

max [(X;Y)=maxH(Y)-H(a)=(1-a)*maxH(m)+H(a)-H(a)=1-a 40

=42
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OEMA 1

2Toyoc tc doknonc civar 1 eCAOKNGY OTOV DTOAOYIGUO THS YWPNTIKOTHTES evBépupov
Kavaiiob emiovwviag. Zyetikéc aoknoeic: 1’ E4/0506/04, I'E4/1011/07.

Bczopovue evBopvPo 010KPITO OVAOIKG GUUUETPIKO KOVOAL HE EVOWUATWOUEVO UNYOVIGUO
oraypapng, 6nmg anekovileTor 6To mopakdt® cyfue. To kavditl £¢et dYo £160d0VC, X KOl X,
ne mBavoémres p(xq)=a ko p(x;)=1-a (o < 2), avrictoyo, Kot Tpelg e£600VG, Vi, Va2 kot yi. H
£€0d0¢ v, 6uvicTd to cOpfoio daypognic, To omoio cupfoiriler Tnv ££000 TOL KOVOALOD OTAV
dev eivan EexdBapo kotd moécov eival vy N ya.

1-g-0

1-£-0

H mboavomta opng petdPoong (alromertia) sivon 1-g-6 (0< e+d < ¥5) ko n mBavotnta
olaypanc eivor 0 (0 < 6 < %) ko Yo Ta 0vo mboava cOpPpola 16050V X; Kot Xp. ZNTodvTal To
axoAovOa:

1. No vroroyiotovv 11 H(X) ko n péyiomn tyum} e, n vad cuvvenikn mAnpogopio
H(Y/X), xaBd¢ ka1 1 H(Y) xou 1 péyrotn tipn e yio dedopéva opog € kat 6. Tu
napotpeite oyetikd pe mv H(Y/X) xon oyetikd pe ™ péyrom iy e H(Y) mov
Tpocdlopicate;

2. No vroroyistei 1 yopnrikémta C Tov KovoAlod @¢ GUVAPTIOT TOV &, 0.

No omodeiete 6Tt 1 yopnTKoOTNTE C TOL TPONYOVUEVOD EPOTNLOTOS LTOPEL Vo

ocvumtoybei og: C = (1— (5){1 — H{ . c )‘ﬂ :
.y

|8

4. No Ppebei n mBavotnTa d TOoL Tivaka etdPacng 6tav € = 0 vod TV Tpovdhecm OTL
N YOPNTIKOTNTO TOL KavaAov givar C=0.531.
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O mivoxog petdPfoonc Tov KavoAlov eivat:

Py /xy) p(y,/x,) P(y;/x,) £ S l—e—0

H H(X) peyotomoteiton 6tav a = Y2 kon H__ (X)) = H(1/2)=1

H vré cuvinkn evrpomia vroroyiletol o¢ akoAovBmc:
2
H(Y/X)=-Y p(x)HY /X =x,)=a-HY/X =x)+(1-a) HY /X =x,)
=1
Omov

3
HY/X=x)= —Z py,/x)log(p(y, /x)=—(l—e—-0)logl—€—-0)—ologd) —elog ¢),
i=1

3
H(Y/X=x,)= —Z p(yv,/x)log p(v, /x,)=—(1—-e—-9)logl - —35)—Slog(5) — elog &).
i=1

[Topatnpodpe 611, Aoym g ovppetpiog: H(Y /X =x,)=H(Y /X =x,).
Apa: HY/ X)=H(Y /X =x,)=—(1-&-5)log(l—5—35) - Slog 5) — slog( &)-
[Topatnpovpue 6Tt n H(Y/X) eivon cuvapmnon povo tov mbavot)tov petdfacng

Kol 0, Kot aveEdpT T ToV THavoTiTeOV E16O00V.
42
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O1 mBavomtee Tov cupPfoimv e€d6dov Exouvv w¢ eénc:
r,)=p)U—e-8)+p(x,) e=a(l-e-8)+(1-a)-¢.
pr,)=p(x)-6+p(x,)-6 =6,
p3,)=px)l-e-8)+p(x)-e=(1-a)l-c—O)+a-&.

3
H evipomnia e£6dov vroroyileton and v H (Y) = —Z p(y)log( p(y,)-
=1

Adyo g ovppetpiog Tov mivaka petdPfacne, n H(Y) peyictonoeiton 6tov o = Y.

Apa, H,, (Y)=-[1(1-8)]log1 (1~ 8)]-Slog( &) ~[1(1-&)]logl £ (1 - 5)].

ko emopiévog H  (Y) = —(1-0)log[5(1-0)]-0olog(0).
[Topatnpoovle 0Tt 1| Hpae(Y) etvarl cuvapmmon povo e mbavotntog 6 owypaenc!
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2. H [IIHDl[;U,{U,I’JI?LT]pU(])Up-E; \}szmﬁﬂ X ko Y eiva I(X_.,YI)J= H(Y) -ILI(‘I;fX), 6:.11;01:"1]‘ H(Y)
kot 11 H(Y/X) €yovv vroloyicBei ato mponyoduevo epatnuo. Eswon n H(Y/X) eivon
avelapn tov mbovotitev 166000, 1 YopnTikotnTa C ToL Kavailol Oa eivor: C =
Hyax(Y) - H(Y/X). Apa:

C=—(1-0)log[3(1-0)]-0olog(o) +
+(1—e—3)log(l—5—05)+Slog( 5) + slogl ¢).
'H
C=—(1-09)log;(1-0)]+(1-c-3)logl—ec—3)+eclog &),

3. H mopomdve ékepacn e yopntikotntac C pmopet va countoybet g e€ng:

S g
C:(l—{n){l H(l_ﬁﬂ.

[a e=0, and ™MV EKQPOOCT] TOL TEAIKOV OTOTEAEGUOTOC TOL EPMTI|HOTOC 2 Yio T1)
YOPNTIKOTNTA, 1] EMIGNG TG GLVETTUYUEVIIC LOPPNC TNG EKPPAGCT|S TOL EPMTIUATOC 3
EYOVLE OTL:

Cop=1-8=0,531=> 5 = 1—0.531 = 0469. »
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OEMA S E=2011A

Atvetot o ypoppkog koowosg C pe (n.k,d)=(7.4,3) o omolog IPOKUATEL OO TO CVUTTLYLN TOL VTOGLVOAQD
S={1100100, 1110001,1111111,0011011,1000111}.

a) Aeiéte ot AEN [1000001] dev elvol Kookt AESY.

B) Bpeite ora to gOvopoua Tov k@dke C koBO Kol To TANBOS TOV GLVOLHO®V Kol TO TANB0C TV Aeemv
OV TEPIEYOVTUL GE KUBE i 0O BLTEC.

¥) Evag ITAMII amok®otkomom s napeiafe ovo cuveyoueves AeZelg x=[1000100] ka1 y=[0000011] o11g
OmoleC aviyvevce AGON AOY® TOL OTL €lyav TO 1010 U1 [)OEVIKO GUVOpoLo. Tnv mpdTN and CLvTES TNV
010pBmce otV Koo AEEN ¢1=[1100100]. Xe mowo k®okt) AEEN €2 Bu d10pBmGEL TN AEEN V;

45
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a) Eme1o1) 11 amoctocn Tov k@AKo ival 3 6gv lval OLUVUTOV VU DTTAPYOLY KMOKES AEEelS fapoug 2 610TL av
LA PYAV TOTE 1] O1UGTAGT TOL TWivaka Ba NTov 2 aEov 1] 01UGTUGT TOVTILETUl [Ie TO EAUYIGTO 1] LU1)OEVIKO
Bapog tov kmowov AeCemv. Apa 1) AEEN [1000001] AEN eilvat kKo AeS1 010TL €xel fapog 2.

‘Evoc dhrog mo ypovoPopog tpomog eival va Ppodue tov vevvntopa miveka ce popoen KA kol va

OEIEOLIE OTL 1] EV AOY® AEET) OV elval KMOWKT] AEEN

1 1001 0 0] 1 00 01 1 1] 1 00 01 1 1
1 1 1 00 01 1 11 0 0 0 1 1 1 1 00 0 1
G=/1 11111 1|]—/==741 11 1 1 1 1|—2&=%% 0 00111 0
001101 1 0011011 0011011
100 0 1 1 1 11001 0 0 1 1.0 01 0 0
10 0 0 1 1 1] 1 0 0 0 1 1 1 1 0 0 0 1 1
001 01 01 00101 01 001 01 0
2n+5n—>2n 00001 1 1 0 In+5n—>57 s'00 001 1 1 0 2n+3n+dn—>4n s\ l0O 0 0 1 1 1
001101 1 0011011 000 0 0 0
11001 0 0 001 000 1 1 001 00 0 1
10 0 0 1 1 1] _
Sn—>2n ] 1000111
wm—m (001 0 0 0 1 1 | |
3141 01 00011
g 001 001 0 1= | |
0010101
00011 1 0
0001110
000000 0 - -
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Ao TOV TOPUTAVEO YEVVITOPO TWIVOKO UTOPOVUE VO LTOAOYIGOLE TOV Tivoka wcotinioc H o omoiog av
TOALOTAUGIOGTEL [LE T1) AEEN DO TPETEL VO OMGEL 1] UNOEVIKO GUVOPOLLO.

[l
[ T e T R e ™ T
D D D p—
_ o O D = =

Apa [1000001]*H=[110] mov onuoivel 0Tt 0V EIVO1 KOOKT] AEE).
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B) O mivokog GUVOPOU®V UTOTEAEITOL OO OAOVS TOLG GLVOTOVS GLVOLUGLOVS TOV GLUAIKOV ynoeinv 0, 1
LKOVS 3 O10TL 1] 01GTaoT) eival k=4 Kot to 1Kog Tov K@dwa eival n=7. Apa 10 TANH0S TOV GUVOPOL®V
etval 160 [ie To TANB0C TV GUVONAO®Y TTOL elval 27k%=23=8 evid 10 nafoc Tov Aeemv Tov avijkovy Ge Kabe
GLVOLLGOU VUL 160 |LE Ta TAB0S TMV KOOIKOV AEEEMV ONA0OT) 2%=16..

¥) E@ocov ot dv0 AeSEC MOV TOPEANOONGAV £YOVV TO 1010 GLVOPOLO CVTO GILLOIVEL OTL £OLV KUl TO 1010
TPOTLTO GPAALUTOS € PAGEL TOV OTOTIOL UTOKMOIKOTONONKE 1) TPOTI AESH. AnAodr) egovle cl=x+e dpa
g=cl+x=>[1100100]+[1000100] = [0100000].

Apu 0 OTOKMOIKOTONTI|S B0 UTOKMOTKOTOU)GEL TV YV GTI] KOOIKI) AEEN

c2=y+£=[0000011]+[0100000]=[0100011].
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OEMA 4 /TES 0809
Atveton ypaukog koowkoe C pe yevwiropa mivaka

O 0 0 0 1
0
!
l

= o O =
_— O = =

1 0 0 1
0O 1 0 1
0O 0 1 1

Zntovvtol ta akdAovda:

(o) Na mpoco1op1toTodv o1 Kmotkee AEEeig Tov kdowka C.

(B) H didotaon kol 1) andotact Tov kdoka, oniadn ot mapduetpor (7, k. d), kabog
Kol T0 TANB0G TOV GLUVONAO®Y TOV KMOIKA.

(v) O mivaxag eAéyyov wootuiog H,
(0) Na oymuatiotei n TAA yio ITAMIT xo1t AAMIL.

(e) Zmteiton 1) k@OKomoinon Tov unvopatog ‘11007, n arok®oKomoinen NG KOOIKIC
AEENc ‘11111117, kuBde ka1 amokmotkomoinen e Anedeicag Aeéne 10111017 pe
™ Pondeia tng TAA.
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Anavrnyei).
1.

A6 ToVC SLVATOVC YPUULIUIKOVE GUVOLAGOVS TOV YPULULLAY TOV YEVVI|TOPU TIVOKE TPOKVTTEL
0 k@owac C={0000000, 1000011, 0100110, 0010101, 0001111, 0011010, 0101001,
0110011, 0111100, 1001100, 10010110, 1011001, 1100101, 1101010, 1110000, 1111111}.

2. (7.4, 3). H duactaon tov kOOK eival io1 [e To TAN00C TV YPULLOV TOV YEVVITOPU
TIVOKO KO 1) 0TOGTOCT] TOV KOIKA EIVHL TO EAUYIGTO TOV PUpdv TOV U1] PNOEVIKOV KOKOV
AEEemv Tov KOOKA. To TANB0C TOV GLVOIGOMV TOV KOdIKE elval iGo e 23=8.
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o = D = D =
— i D = = i

Au
Il
1
~ =
I
Il
O = e e e

Mua fdon tov C* givor To GVUVORO {0111100, 1101010, 1011001}.
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4.

YToAOYiGU|E OVOTEP® TOV TVAKO EAEYYOV 1GOTIUIAC, TO UIKOC TOV KOOIKOV AECEMV n, €ival
ico e 7.

[ o oymuaticnd e TAA, npénel va Ppovpie Yo KGBe Guvoudda To GOVOPOLO NG Kol TO
TPOTLTO GPUANNTOC EAGYIGTOL Pdpovc, onAudt] Tov 00MY0 TN Guvopddus. Agv eivol OLmC
OTEPOITNTO VO TPOGOLOPIGOV|E KAUDE GLUVOUAOM, UPKEL VO OOKILAGOVE TIC AEEEILS e HIKPO
Bapoc yw vo odnynbovus oto Cnrovpevo. Ilpodta efetdlovpe T AECelc Papovg
1 Yroroyilovpe TO YIvOUEVO TOD TiVOKO EAEYYOVL 1GOTIHIOG ME TIC AECEC erdyioTov Papouc,
ONACOY TIC AEEEIC 0000001, 0000010, 0000100, 0001000, 0010000, 0100000 Ke1 1000000:
0000001.H=001,

0000010.H=010,

0000100.H=100,

0001000.H=111,

0010000.H=101

0100000.H= 110 ka1

1000000.H=011.

‘Eyovpe Aafet OAa ta dvvatd cuvopoud. Eropéved:

TAA yw ITAMII l TAA o AAMII

Odnyoc cuvopddag | Lovopopo 0dnyoc Guvopaoac Zovopopo
000000 000 000000 000
0000001 001 0000001 001
0000010 010 0000010 010
0000100 100 0000100 100
0001000 111 0001000 111
0010000 101 0010000 101
0100000 110 0100000 110
1000000 011 1000000 011
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O®EMA 3 /T'E5 0809
Aidetol 0 YpOUUIKOS KOOKAC EAEYYOL 1ooTipiag, Cq, 6mov ue u sz couPoriletar 1o
TPOC KOOIKOTOINGT UVULLY KOl UE C;C2C3C4C5Cs 1 KABe kmdu] AEEN TOL YpapUKOD
Kook O kdowag C; opiletarl amod Tic akodiovbeg oyéoerc:

Il) ¢ < up, 14) Ci4= 1 @D -

IZ) C2 = Uy, IS) Cs= 1 @D 3

13) C3 = Us, Iﬁ) Cg = 1 @D > & [} !
(o) ITooceg civanr o1 K®OWKES ALEEIC TOL KMOKA, Me TL 1G0VTUL O TAEOVAGUOC T TOV
K®OOwa;, Me T11600Ta1 0 pLOUOS TANpOPOpiac R;
(B) Eivan o xdowkag cvomuatikde; Eivor ypaupukoc; ITéca codipato pmopei va
aviyvevoel; [1oca cpdinata propel va olopfdaoet;
(v) 'Eote® o011 thpa ypnouwomotovie tov koowka Cr, o omoiog divetor amé TS
eE1omoE1g

1. IL1) ¢ =wuy, I4) c=mPuw,®1
2. IIZ) €2 = Uy, IIS) Cs= 1 @D s
3. IIS) C3 = U3, IIﬁ) Cg = U1 @D > & U3 ®1

Eivon o xdowkoe ypopukog, Eivar cvotnuotikoe; [Ioca cedipata pmopel va

aviyvevoel, I16ca codipata unopei va dopbhaoet;
(0) Agite 0T1L pmopovE VO YPTCILOTOMGOVIE GOVOPOUM Yo Va Kdvovpe o16pHman
CQUALATOV OTO OEKTN OTav ypnoluomoleital o kdowkae C2, mbavde ne KATOEC
Tpomomomoely/mpoclnikeg  otov  aAyopiOuo  amokwowkomoinone  Adcte TIC
QVTIOTOYIEC GUVOPOULOV-TPOTUMOV GCGQPAAUUTOC 7OV Oopbdvel 0 KOOKUC Kol
TEPYPAYTE TAOG TPEMEL VA Yiver 1] anokmoKonoinon (6dcte oniadn ta Pripata tov,
aryopifliov amokmoKomoineg). EAM/MAH22/AGH.3/5n 025/ 27.04.2013/ N.Anuntpiou



5.

To wijvopa ‘1100° kodikomoteitar @¢ ‘11001017 ko 1 ko) A&EN “1111111°
amoKmoKomoteital @¢ to pvopa ‘11117, H Anebeica Ae€n 10111017 &xer cbvopopo “100°
lLe 06170 cuvopddag ‘0000100° kot emopevmg koo A&En “1011001°="1011101+0000100
Kot dpa to prpvopa “1011°.
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OEMA 5 /EZ2008B

Aildovtal 600 ypoukoi kOOKeS eAgyyov woTiiag, Cr kol Cp, 6mov ne ujisu; copuforiletar o mpog
K®OTKOTOINGT] VUL KOL LLE X XXX 40 5X07 1 KAOe ko) AeEN Tov ypapukot kadwka. O Kodwkag I
opiletal amd T1C akdAOVBES OYECELS:
(T
I.l} S | 1.4) X401 ua
Ty
I.2) x3=w;, LJ) xXs=u;@ u,

L3) x3=us, 16) xs=mw @D u;

O Kadikag IT sivat i610¢ extog amd 1o 611 I1.6) X6 =u,.
a)
1) Znteitan o yevvitopag nivakas Gy kol o mivakog ehgvyov wotipiag Hy tov K®o. 1.

1) Znteitan o yevvijtopag nivakas Gy kot 0 mivakog sA&yyov wotipiog Hy tov Kdo. I1.

P) Bpeite tnv andéotacn d yia tov Kd@odwa I ko tov Kddwa I1.
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Y) ZOUTANPGOGCTE ToV mivaka anokmoikomoinons TAA via ITAMII tov Kddwka I (Zovopouo, Ipotuno
TEaiNoTog) e To GOVOPOLLN KUl TPOTLTO GOAALUTOS TTOV ASITOVV.

LYNAPOMO IIPOTYIIO XPAAMATOX
0|00 |0 OO0 |0 |0 |0]| 0|0
1 |10 |1 1 |0 0O |00 ]0 0
0 |1 |1 |1 0 [0 1 |0 0|00
1 (0|0 |0 0 [0 0 |1 00| 0
0 |1 |0 |0 0 [0 0 |0 1 010
0O |0 |1 |0 0 [0 0 |0 |0 1 0
000 |1 0 [0 0O |0 |0 0 |1
1 /0|10 1 |0 1 |0 |0 0 |0
0 |1 |0 |1 1 |0 0 |1 0 0 |0
1 /0|0 |1 1 |0 0 |0 1 0 |0
1 |1 |1 |1 1 |0 0O |0 |0 1 0
1|1 |0 |0 1 |0 0O |0 |0 0 |1
0 |0 |1 |1 0 |1 0 |1 0 0 |0
1 |1 |10 1 |1 0 |1 0 0 |0




6) YnoBeoate 011, LETA TN LETAOOGCT] UOS GYVOOTTIS KOOKNS AEENS TOVL:

1)
i)

i)

Kdowa I, AauPdavetar n A&Cn (0011101). Anmokedikomoieicte 11 HE ¥p1oN TOL

mivaka anokooikonoinons TAA yia I[TAMIIT tov Kddwka I

Kdowa II, AapPdavetar n A&Cn (1000111). Amok®OKomoleiote TI) UE Yp1C1 TOL
mivaka arokmowkomoinons TAA yia ITAMII tov Kdowa II 6tav yvepilete 611 0

mivaxkog anokadwonoinong TAA yia ITAMII tov Kadiwka IT eivar o e€ng:

LYNAPOMO
0000
1|1 |0 |1
1 /01 |1
0|1 |0 |1
1 (0|0 |0
0|1 |0 |0
0O j]0 |1 |0
0 |00 |1
0 |1 |10
1 (0|1 |0
0 |1 |0 |1
1 |00 |1
1 |1 |1 |1
1 |1 |0 |0
0 |0 |1 |1
1 |1 |10

ITPOTYIIO ZPAAMATOL
0O 00 |0 ][O0 0
1 |0 0O (0|0 ] 0|0
0 |1 0|00 ]0 0
0 [0 1 |0 0| 0] 0
0 [0 0 |1 0O 0] 0
0 [0 0 |0 1 0|0
0 [0 0O |0 |0 1 0
0 [0 0O |0 |0 0 |1
1 |1 0O |0 |0 0 |0
0 [0 0 |1 0 1 0
1 |0 0 |1 0 0 |0
1 [0 0 [0 1 0 |0
1 [0 0O |0 |0 1 0
1 [0 0O |0 |0 0 |1
0 |1 0 |1 0 0 |0
0 |1 1 |0 |0 0 |0

T ntapatnpeite Ge oyEon e T1) SLVATOTNTA 610pBmGTNC TV dvo Kodikav I & 117
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(0)

1)

0 0 0

|

H]:

0 0 0

1

0

0
0 0 O

1

0 0 1 0

1

Hyu=

|

1

0 O

|

1

0

-
J.

(B) I'a tov Kddwka I: d= 4, eved y1a to Kadwka I1: d
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(B) I'a tov Kadwa I: d= 4, evéd yia 1o Kddwka II: d= 3.
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()

1) [Tivaxag arokmowkonoinong TAA via ITAMII tov Ke@dwka 1.
LYNAPOMO IMPOTYIIO LPAAMATOLXL
00|00 0| 0|00 |O0]| 0|0
1 |1 (0|1 1 |0 0|0 |00 ]0
1 |0 (1 |1 0 |1 00 0|0 D0
0 |1 |11 0 |0 1|0 0|0 |0
1 |0 |0 |0 0 |0 0 |1 0 ]0 |0
0 |1 |0 |0 0 |0 0 |0 |1 0 |0
0 |0 |1 |0 0 |0 0 J]O |0 |1 |0
0 |0 [0 |1 0 |0 0 |0 [0 |0 |1
0 (1 |1 |0 1 /1 (0 |0 (0 [0 |0
1|0 |1 |0 1 |0 1 /0 |0 |0 |O
0 |1 |0 |1 1 |0 0 |1 |0 |0 |0
1 |0 |0 |1 1 |0 0 |0 |1 [0 |O
1 |1 |11 1 |0 0 |0 |0 |1 |0
1 |1 (00 1 |0 0 |0 |0 |0 |1
0 |0 |1 |1 0 |1 0O |1 |0 |0 |O
1 |1 (1|0 1 |1 0O |1 [0 |0 |0

Ta cOvopopa mov Asimouvv eival 6vo amd éva guvoio 16 CLVOPOLGOV KOl GVTICTOL(OLY OTU TPOTLIA
coaipatog 0100000 ket 1100000 pe cvvopopa 1011 ko1 0110 aviictorya.



owonoinone TAA via ITAMIT tov Kadwka I1.

Iivoxoc amokm

ii)

INPOTYIIO LPAAMATOX

LYNAPOMO




(3)
1) [0011101] x Hy=[1010] = cuvopopo 6;. Amd 10 TIVUKE UTOKMOIKOTOINGTS TO
Kdowa I, to aviictoryo Tpdtumo
cedainatog eival g=[1010000]. Apa: Koo AeEN =[1001101].
11) [1000111] x Hy =[1010] = cvvdpopo 6. And To TivoKe OTOKOOTKOTOINGNS TOV
Kddwa II, o avrigtoryo npdTLmTo
ceaipatos eival ep= [0001010]. Apa: Kowdwn AeEn =[1001101].
111) [Mopatnpodie 6Tt 01 KOOIKES AECELS MOV NeTadOBN KOV sival 161EC KUl TPOKVLITOVY Ao
010pBman dvo AabBdv Kal GTIS 610 TEPITTMGELS, Tap’ 6A0 0T Vi Tov Kaddwka I, d= 4.
kot yia 10 Kddwa IT d= 3.
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E=2009B

OEMA 2

Aivetan to onpa x(7) = asine® (ar )+ bsine (bt ) —2a-sinc(2at ), 6nov a,b mpoypotikoi kot b>2a > 0.

(@) Na vroAioyiotel kot vo 6Yedlactel 1o paco TAGTOVG Tov x (7).

(B) Na vmohoyiotel n kot cvyvotnto derypatornyiog Tov x(f) kot va 60000V Ol EKQPAGELS TOVL
OELYHUTIGILEVOD GTLOTOS GTO TTEGIO TOV ¥POVOL KOl TV GUYVOTI|TOV.

(v) To ofjuo x(z) OSerypotileton pe cvyvomro SerypotoMyiog f; SekamAdoio TG GLYVOTNTOG

OELYLLOTOANYIOGS TOV VTOAOYIoTNKE OTO ep@TNUA (B), Kol 0TI GUVEXELN OIEPYETUL OO 10AVIKO (OVOTEPUTO
QIATPO OGTE v TPOKVYEL GTUA IIE QUG L0 TAATOVE TOL UMEKOVILETA OTO TapukdTm oyNua. Na kabopicete
T0 VPOC TG LOVIG OLEAEVOTC KOl TO TAAUTOS TOL 10UVIKOD QIATPOL.

()

12

-

_—fa'—a _fd -; +a o f; fé:-l-ai f
~f;-b/2 £; +b/2 f5-b/2 5 +b/2
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(a)
To pdacua TAdTovg gival

o f /f}_ e f N
X(f]—m(a)Jrrecf[\b recr[ > J

A AN A

K01 OTEKOVILETO1 TOPOKAT®:

X
1
-b/2 - 0 o b/2 ] 7
(B) H péyotm ovyvomta tov onpotog eivar f_ = > omdTE 1| EAUYIOTI GLYVOTNTU SEYHOTOANVING elval
S min = D xo1 1 péyom mepiodog derypotornyiag eiven 7, :%
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Eival
ZVVETMS, OTO MEGTO TOL YPOVOL TO SEIYUATIGHEVO Gl O eKPpaleTal C:

x, (n) = x(f)=asinc® (a n %} +bsillc[b n %] —2a- sinc(2a ‘n %], omov n oxépatog Emiong. 1 ékppaoy
t=nT,

TOV SEVYHOTICUEVOL GTILATOS GTO TESIO TMV GLYVOTITOV B0 160VTAL JIE:

— LS [ X(f-mf)]=

m=—10

R R

=—x \ a

() To onuo omv €£0d0 tOoV QiIATpOL avTicToKEl G dapoppmacn DSB @épovtog povadiaiov mAGTOLS Kot
cuyvoTNTag f; Kol efvon e Hopoenc:

V() =2 [X (S )+ X (74 4]
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Aerypatifovtog to onua pe svyvomta f; =107,

=fs Z [X(f_”ms)]

Hi=—0

=105, TPOKVOTTEL GO [1€ PAGLO TAATOVS

o va Angeei to Y ( f) pe ) diédevon tov X ( f ) and to {ovomepatd oiktpo, Bo mpémel avTd va anokdyel GAOVG

1 1
ToVG 6povg Tov X ; ( f ) £KTOC TOV OpMV TOL OVTIGTOL 00V 6Ta m=-1 kot m=1 Kot va )l TAATOG i60 Jlg —— = ——
2f, 20b
, . . . , , , b b _ b
Tovendg 1 {dvn diEhevong Tov giktpov Ba mpémer va eivar 1 [ f;, f]. omov —< f, < f; —— & —< f, <10b——=
2 2 2 2
b b
Ko f; +— < fy <2f; ——<:>10b+—< Ju azob—a
X
f ; ;
- A A : A -
x,f \ i ,.s’x \ | ,.fx \
..’-"' \ i / .\'\ i .f"; .\‘
x') '\\ : !,- \\ : !_,- \,\
/ \ i / \ i / \
-2fy b2 -3, -3 B2 fa_aJ £ _J'. B2 0 a B2 /}-ﬁ Fy £ .6_—5-2"5 Hinz 2" Hi+po
-fH A 1 Ja 4
Y®
.
! b 0 N i o d
(e 5 Sira P e fs fite f
;b2 o, +b12 fb2 fi+bi2
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OEMA 2 /EZ2008B

Atvetol o onua X [I] OV TPOKVITEL G GLVEALT 00O ETUEPOVS GNUATOV:
x(1)= [b -sinc (br]]*l_a -sine” (ar )+ cos (27ct )]

omov ot a,b, ¢ sivar TpaypoTcoi Bsticoi appoi pe b > 2a > 2¢ >0

_ sin ( 77t
ke sine(7)= ﬁ
Tt

(u-i) Na Bpebei 10 @dopna tov ofuatoc 6to medio TOV cuyvotiteav X (f)htﬂl Va TPOCOI0PIGTEL 1)

EAG1LOTI CLYVOTITA OELY LOTOAT|WIOS TOV.

(Ymoosiln: Neo tpocmalncete va ayeolGoste TPOYEIpa TO QATIE TOL THUATOC)

(u-ii) Na tpocdlopiotei o £k@pacn tov ofuatog X(7) otv omoia dev mepthapfavetar  covihiln
Kl Vo TPOGOIOPIGTEL 1] £EKQPACT) GTo EGI0 TOV YPOVOL TOL SEIYUUTICUEVOD GTHOTOG X; (H) (omov n
OKEPOIOS) , TMOL TPOKVLATEL UETE OmMO  OSIYUATOANWiM TOL x( [ ) LE QUYVOTHTU OSIYLATOANWIOG
EIKOCUTAGCIO TNS EAGYIOTIG GLYVOTITOS Oty aToANYios katd Nyquist.
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(P) Me dedopévo 6T TO GO :

v(t)=a-sinc’ (at)+cos(2rct)

6mov o1 @, ¢ sivar Tpayuatikol BsTikoi apOuoi kar @ > ¢ >0,

dpopemvel katd cuyvotnta (FM) éva cuvnutovikd @épov ne otabepd amOKAIGNC
cvyvémtag k. =507 , va vmoroyiotel To g0pog LOVIG TOL SHUOPPOUEVOD GTIHATOS
®C GLVAPTINGT] TOVL d.

(Ymooeiln: H peyiety omoxiion ocvyvotntog yie owouopewmey FM ocvovyuitovikod

Qépovtog amo  Toyaio  GRUe.  TANpopopiac V(1) Oivetar omé T  OxECH.

-

k
Af. = ﬁmax(b’(f )l))
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Anavinon

(0-1)
Aivetor o ofjpa x(7) = I:b -sinc (bf)] 8 [a -sine” (ar )+ cos (2;?(?.*)]

, DOV CI._E?._CE]RKm b>2a=>2c>0.

To onua avtd amoteheital amo T GLVEAIET VO ETUEPOVS CUATOV, TOV

x,(7)=b-sinc(bt)
KO TOD

x, (1) =a-sinc’ (at)+cos(27ct)

Ymoioyilovpe TOVG GVTIGTOLYOVE LLETAGY N LOTIG OV Fourier:

o 10 X, (I) =b- SiIlC(bI} . OVOADTIKG £YOVLIE:

sinc (7)<« rect( ) = (Idwmta ahhayic khinaxag)

o 1 ) ‘
— sinc(b-1) (L:»g rect (% |= ([ToAhomAGGIOGHOG KUTA [EAT pE D)
AN
- 'f‘.
=X, [r]:b+sinc(b+r:]-%>rec?r£— ;:Xl(f:] 73
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[a 10 X, (."} = a-sinc’ (ar] + CDS(Z:T(.’I) , OVOAVTIKA EYOVUE!
sine” [1‘](—)??‘1[ )= (60t erroyng kiipokas)

— sinc? [o'r —f? (

a o\
—> @ S1c” [af](—)-frr[
Kot

cos(Z;‘rc!)(L}%I:J(f—CH 5(f+c)]

Apa
.2 oS s -
x,(7)=a-sinc (ar)+cos(_2;rcr}<—>m[—J-I—El c)(f—c}+cﬁ(f+c)}:X2(f‘,l
o L

K1 gnedn), n cvuvehln tov onuatev X, (f ) - (_I ) GTO TEOI0 TOL ¥POVOL 1GOOVVULLEL [LE YIVOLLEVO TV

AVTIGTOLY®V QUOUATOV 0TO TEdi0 TV guyvoTiTOV, Bu £YovusE:

x(7) :[b-ssinc[E:u!‘]]’*"l_f:;!+5i11:;:2 [:(?f:]-I—CDS(z,?T{?f)]:II (1)*x, (1)«
r r i f\l J f\‘.ll 1 =~ o | |

—— X (f)X,(f)=rect tri —i——[{ (f—c)+c)(f+c]] =X(f)

- b)) [ e) 2 -

Ta empépovg @aopata OV onuatov X, (f ]._.Yz (I ]ansmovﬂﬂvtm OTO TMOPUKAT® aynua (0Omov £xet
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b
aodei vioww noygon b >2a>2c >0 —>a>c>0:
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-b/2 -a -C 0 C a b/2




[Topatnpodps 6T1 TO OTOTEAEGLA TOL YIVOLEVOD TV 2 QUOUATOV £ival auTohalo To Qacia X, (f) :

- X()

172

-b/2

-a -c 0 c a

b/2

ZUVET®MGS, £QOGOV 1] LLEYIOTI] GLYVOTNTU TOU QUCUOTIOS MOV TPOEKLWE 1G0VTUL |IE f

eLa10TI GuyvOeTNTA Oty LoToANWiag Oa 1covTaL LIE:

(kpriipro Nyquist) wobtar pe: f . =2 f . =2a

EAN/NAH22/AGH.3/5n 023/ 27.04.2013/ N.Anuntpiou
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(a-11) Ao TNV AmdvIno TV TPOTYODLUEVOD EPMTIUATOS TPOEKLWE OTL TO GMOTEAEGLO TOV VIVOLLEVOD

TOV 2 QooUdTOV £ivol dUTOVGL0 TO QACd sz (f] OnA. Jf(_ f } = sz (f) OMOTE KOl TO Onua

x( f) aniovoTEpa YpAQsTaL: X ( I‘) = a-sinc” ( at ) +CO0s (Z,TE'Cf}
To onpa dstypatiletar pe ouyvoTnTa dstypaToAnwias ion Le:
f;=20f . =20-2a=40c

Omdte 1 aviictoyn nepiodog derypuatolnyiog Oa sivot:

/. 40«

o

S€C

TUVENTMC, TO OSUYILUTIGIEVO G| GTO TEdio TOL Ypovov Ba 1oovTUL IE:

x;(n)=x(t)=a-sinc’ (a-nT,)+cos(27c-nT;) = a-sinc’

t=nl;

no) : no)
(ﬂ*———J+CDS[2H€~———J
. 40a 40a
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)
To gvpog {ovng Tov S1opE®UIEVOL GTILETOC diveTon amd Tov Kuvova Tov Carson:

W=2(D+1)f,

|.II

omov D =

To onua mAnpogopiag x(7)£&yet evpog {dvng io0 pe j; = [ =aHz
Enionc, eneion

}*‘(_3‘) — g -sinc” (al‘]-l—CDS(ZFTC.’)mxﬁEt om
11121X|_}-‘ (f}| = max |cfi' .sine’ (ﬂf) + COs (2}1"{?3‘ )| —a+1 (m pépom Tty g cvvapmong

.2 . i ) i . . . :
a - S1nc (m‘ ] rapBévetor yia =0 o givor ion pe a. Ty idwa gpoviki] oTryp1| Kot To TAGTOS TOL

GLVI|LLITOVOD Eival NEYICTO).

ZUVETMC, £XOVE OTL

k. 507
Af o :2—J]11ax(|_],-‘(1‘)|) :j;:)—T(a +1) :25(&' -I-I}HZ

& )

Ny 25(a+l)
a a

omote. D =

y
. ) L, . ) ) , +1|a=2(25(a+1)+a)=52a+50 Hz
Ko TEMKGA To £0pog {OVNC TOV S10UopP®@LEVOD GTIILATOC Ba 1GOVTAL JIE: . a | '
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OEMA 6 T E2/0506

‘Eoto to dwpoppopévo katd yovie onpa x(7) =3 CDS(G)ETI +5sm @, [ ) ot f,=5KHz. (o) Na
Ppebei 10 ebpog Lavne Bemphdviag To onua x(t):

1/ PM

2/ FM
OTOV 1) TO [, TETPUTAUGIUGTEL KU 11) DTO-TETPUTAOCIUGTEL.

(P) Katémv va Ppebei to onua tinpoeopiag m(t) Bsopovrag f,=10Hz kot

1/ Bzopmviag 1o onpa x(t) PM pe £,=10
2/ Bempirviag To ofjpa x(f) FM pe £=10x
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AYZH

(o)
1/ PM

Xpy (1) = Acos(o 1+ k ,m(t)) = Acos(o.t +k,a, smo, 1) =3cos(@,f +5smo, 1)

Enopévac

p=k,a, =5

Kot Gpa

w, =2(f+1)f, =060KHz
Wy, =2(f+D4f, =240KHz

Woss, =2(B+ 1)%’"’* —15KHz
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2/ FM

a,nk;

Xy (1) = Acos(o 1 +k J‘m(,&)dﬂ) = Acos(o, 1t + sinw, f) =3cos(@,f+S5sinw, 1)

[

m

Emopevmg

ﬁ . amkf . amkf _3
ﬁ}m 2’@;}

Kol apa

w, =2(f+1)f, = 60KHz
otav £yovpe 4f, 161
a,k; 1ak, 5

=T T N Wiy, =228+ DAS, =90KHz
2“'74.](;}1 4 2/'-‘(7;1 4 4 m (ﬁ ) jﬂm

otav &xovue 1/4f, 101e

"qm kj' amka’ fm 2
B = =47 =20 xar w,, =2(f+1)*2 =52.5KH=
2]1,- fm 2"'.-‘7:1;' " 4
4
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(B)
1/ PM

Xpy (1) = Acos(e,t +k,m(t)) = Acos(o,f +10sm o, 1) = 3cos(w, f +Ssm e, 1)
apa

. . |
10a, smao, t=5smo t=a, =—

m(t) =0.5sme, t =0.5sm2710¢ = 0.5s1n 207
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2/ FM

I
Xpy (1) = Acos(o,t + &, Jm(i)d&) =3cos(@.t +5sm o, 1)

BA&movps 6Tt pmopodus va Bsmpicovps 61t M(1) = a . COS @[ 10t To umotéieciia Tov

OAOKANPOUUTOS TPETEL VAL EYEL TULTOVIKT] LOPPT], OT|ACOT)

I f 107 a a
k. J.m(/l)a’/l =10m,, Ices o Adl=—"sinw A =—Tsineo t=>5sinm, =
7] 4 2710 ="
—a, =10
Emopevmc

m(t) =10cos 20
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