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www.elektor.co.hol.gr HXOI KAI VIDEO

~ia EiooOO X~~A~~ E~nt6~~ OlO uljJlnEpo
TO <piATPO (HPF, High Pass Filter) nau XP~t

lJonolcital YIO OvtlOT091J10ll 'KOvtM;<; OIJtAio<;'.

01 pu9lJioCI<; OUxvotTlta<; tau cv AOYW cpo..•
tpou CiVOl PU91J1<OIJCVC<;, ylO va cmtpcnouv
nOIKIA[O onoot6ocwv tOU O~IAlltJi ano to 1J1

KPOcpWVO.
TCAWilvovtO<;, cp9avouIJc atO nOtCVOlOIJCtpo

EMvxou ~~ tVTa~~ P2. LTC ~~cio aUTO
tXOUIJC tTlv OuvatotTlto va c~6yOUIJC to O1'U.la
De tva &JoIJO runou 'Kop<pi', cvw ciVOl cniOll<;
OuvaTo va nopciyoulJc cva loooto91JlOIJtvO
OliIJa cl;6OOu 'OTUA OloUvttO' OE 6Uo~0 XLR.

H lOOOto91JlOIJCVll t~06o<; npoKuntCI ana tOY
KOTOXWPTln; IC2.A Kat tOY avOOtp£CPOVTO
EVtO)(Un; IC2.B.

•
_ XLR

+

....u--H.
030046 -12

.2

HPF

LPF

Lx~~a 1. LXTWOTtKO ~t6ypa~~a Tau KUKAW~OTa~.
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KUKAw~aTlK6 l)1C]vpa~~a

o EVTOnt"IJ~ TWV ~1a<p6pwV ~EpWV TOU O)(~

IJOtlKoU OIOYpQlJlJat~ OlO OVTiOTOIXO KUl().,W
IJOtlKO OuIyPDllJ.l0 nOlI m:ptyp6cpctOI OTO Lxi}
IJO 2. CiVOl IJdMov CUKOAo<;. No OllIJCIWoouIJC
OnAW<; OTt Ol CiooOOl OlO IC1.B txouv OVTl
atpocpcl YIO va OVTIOTa91J{oow tTlv aVTtOTpa
cpi} nau lKpiOTOtOt TO milJO OTO 809uncpatO
<piATPO IC1.C.

H lJov6.0a TS925 CiVOl cva<; tctpanAO<; tc·
ACatIKO<; CV1OXUn;<; XOlJllAoU 90pu6ou IJC Ou-

I, 20 HI

> »~
2:40"'"

4: so"'"
t:75","

I: 1011"'"

7: ISO"'"

I: ZSOHI

" 3SO HI
10: SOO"'"
11: 1SOHz

U: 1000Hz
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~
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P1 nou OKOAou8E:l, tXOUIJE: TllV 6UVOTOTllTQ

va puelJ[~oulJ£ ouv£Xwc:; TT]v t~o60 IJE:Ta~U TOU

(anolJovwlJ£vou) OTlIJQloc:; £~66ou TOU Micl

(naV-KQT£u8uVTlKr; XOPOKTTlPlOTIKr;), KOI TTl<;
E~600u TOU 608unEpoTou <piATpoU (xopoK~

ptOllK~ oc O)(~~a OKTW). Aun; ~ <papO TO
OTo91JlOIJCVO o9poIOIJO nOpOyCI npCiYIJOTl Tl<;
OIOqx>pC<; Kap610ClOci<; XOpaKTTlPIOTIKt<;, Oc
60IJCVOU OTt to 8a9uncpatO cpo..tpO ClOOYCI

cniOll<; KOl Tt<; OWOTt<; OAI09r;oCI<; CPOOll<;.
nOpOKOtW, unOPXCI tvo<; OKOlJll CVIOXUtr;<;

KaTaxwp~T~~ (IC 1.D), 0 onoio~ E~OO<poAi,El

."
",

1: omnldl.ec:llomol
2: _c.._
3: c.dIoId.: _c..cIIoIol

~, rrr-~

.: kr.p.d

1C1 .. TS92SlH

1C2 " TlC2272

,
a :, ,
,_ ~_ U .J

""r- .----,
.u.
+

.u.
+
~

Ie 1.8. Me: TOV Tp6no aUTO txou~e tva ~op·

c.poTponta 6a91loU IlE:TQ6oAfJ~ n(£oJl~, anon>
AOUIlCVO ana Ouo Ilopqxnpom:ll\ niE:OT)~.

rTT)v OUVE:XElQ QKOAou8d tva 6a8um:paTo
<piMpo (LPF, Low Pass Filter) O)(~~aTl~O~EVO

ana TOV TCA£OTIKO £V1oxUn; Ie 1.C, TO onoio
aVTlOTQ8Ili~EI TT)v U4-lIm:pan; XQpaKTTlPlOTIKTi
nou npoKunT£1 an6 TT)v 61£u8tTTlOfl twv 600
IlLKPoqxi>vWV. H owcrrti anOKplOT) TOU tV hOyW
'PiATpoU £~apT6.TOl ana Tllv c.pUOlKr'! an6aToOT)
Il£TQ~U tWV 6tacppaYIJOTWV tWV 600 IJlKPO

c.pwvwv. Me: Tllv 601')8£IQ TaU 6lQlptTTl TOOTle::

Ix~~a 2. "EnTa~Ept~ KUKAw~aTlK6 616ypa~~a Tau Kanu8uVTtKau ~lKPO'l'WVOU.
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Lx~~a 3. H nAQKem yla TO KUKACU~a, l] anoia n&pLila~6Qv&I Teoocpa

Ol]~&ia &ACVXOU.

,LO,"'"
11.-0

30

KaTaAay~ &~apT~~aTWV

AVTIOTOo£(~:

Rl, R3, R39 • 4,7 KO
R2, R4, R37, R38 • 470 0
R5, R15, R26, R32· 47 KO
R6, R7. R28 - 22 KO
R8, R16, R17, R18, R31 - 1 KO
R9, R24 • 100 KO
Rl0 • 3,3 KO
R11 • 1,5 KO
R12, R13 • 1,1 KO
R14 • 2,4 KO
R19 • R22 • 220 KO
R23· 150 KO
R25· 68 KO
R27 - 33 KO
R29 - 15 KO
RJO. R33, R34 - 10 KO
RJ5, RJ6 • 47 0
Pl· 47 KO Tpl~~EP npopOO~I"'l~

P2 - ).oyapI9~uK6 nOTf:v0l6~ETPO 1Kn
nUKvwTtc;:
Cl, C4 - 2,2 nF
C2, C5, C8, C13 - 330 nF
C3, C6 • 220 ~F1OV ~AEKTPO~UTIK6c;

C7 • 47 nF
C9, Cl0, C24 • 100 nF
Cl1 - 150 nF
C12 - 220 nF
C14 • 470 nF
C15 • 680 nF
C16, C23 • 1 ~F 63 V MKT,
6r'j~a QKpo6£KTWV 5 mm Ii 7,5 mm
C17 • 1,5 ~F 63 V MKT, 6~~a
QKpOOEKTWV 5 mm 1'1 7,5 mm
C18 • 2,2 ~F 63 V MKT, 6~~a
OKpOO£KTWV 5 mm " 7,5 mm
C19 • 3,3 ~F 63 V MKT, 6~~a
OKpOO£KTWV 5 mm ti 7,5 mm
C20 • 4,7 ~F ~EKTPO~UTLK6c;

C21 • 6,8 ~F ~EKTPO~UTLK6c;

C22 • 22 ~F *KTpo~UTLK6c;

C25, C26 • 100 ~F/63V

~EKTPO~UTLK6c;

C27 - 470 ~F/63V ~EKTPO~UTLK6c;

HlJtaywyoi:
01 • 01000<; ~tV&P 7,5 V 1,3 W
02·1N4148
Tl • BC546B
ICl - TS9251N (ST), n.X. Farnell
IC2 - TlC2272 (Texas Instruments)
t.lciq>opo;
K1 - ru6Ta~'l TPIWV OKpOOtKTWV

O£~ + 6lq.J.a KC1p(p1 6,3 nvn, OTt:

ptWOTl at 0001 IJE XWPIOTtc; £na<ptc;
~.

K2 - l\l.6Ta~'l TPlWV OKpOO£KTWV
otlp6C; + ~a XlR, OT£ptWOT} O£

aaa( (apo&vLK6).
S 1 - ntplOTpoq:llKCK; 6tOK61TTTlC;

2-n6Awv 6·8tocwv, an:pEwon OE

""OKETO
82 - nCplOTp<XpIKC><\ 610K61TTTl<; 1-n6
).00 12·9tOE:wv, an:ptWOl1 oc n).OKETO
BT 1 • MnoTop{o 9 V 6F22 11£ Min
MIC1, MIC2 • IJlKp<Xpwva electret (n.x.
Manacor MCE 2000)
nAoKtra, KwlStK6C; napayycAiac;
030046·1

VOt6TTlTQ TO OT'UlO tLo66ou va tXtt ara91J£<;

'000 KOl '1 TQOll tpoq>OOooio,\ KOI \..IE \..IiO OXE
TlKQ KaA~ OuvaT6Tl]Ta oli~~ OTT]V t~olio.

To T8925 nEpiAal..l6oVEI EniO"l'K tvo onO\..lQ
vw~ OTO ~IOO Tl]~ Tpoq>OOooia~ (~olio<; OTav

OKpOOtKtT) 8). a onoiOl\ dVOl OUVOTOV va XPIl
01\..lOnOI'19d oav EIKOVIKt; Y'l. H EniAoyri tT)'\
R8 E~apTOTOI ana tT)v on6oT00'll d \..IETO~U

TWV OIO<ppQy\..lOTWV TWV 6Uo \..IlKpcxpWvwv. ItT)v
OUyKEKpl\..ltVll nEp(nTWOTl 9Ewpf}oa\..lE on Ei·
VOl 15 mm. onOTE \..IE TTJV Bot;9EIO TTl'\ axt
"'l~

R8 - d I (c • C3)

Kat AO\..l60vOVTO,\ C tT)V TOXUT'1TO TaU rixou
OTa 344 mis, KaTQ~~yau~E 0& ~ia TI~~ 956

O. H oUYKEKPl\..ltvIl Tl\..lri 6EV dval l6lalTEpa
KP{Oll..lll on6TE \..lnOpOU\..lE va TIlV OTpoyyuM·

4K>U\..IE O"TO 1 KU To P1 TOU OX'1\..10TIKoU OlO
y~\..IOTOl\ uXonolEiTol \..IOOw \..Iia,\ \..IETOY0\..lE
Vll'\ KAt\..lOKO,\ OVmrtaOEWV. '1 onola Ko9lOTO
EUKa~6T&pl] Tl]v pUe~lOl] ~Ia~ Ooe&iaa~ xa·

pOKtT)PIOTlKt;'\ KOTEU9uVTIKOTTJTO,\.
To nAtov oUv9no \..I£po<:; TOU KUKAW\..IOTOl\

6dXVEI vo dVQI TO PU8\..1I~O\..lEVO UlJ!tnEpaTO
(flv..Tpo, aA>..o OtT)v OUOlO npOKEITQI OnAW,\ YIO
12 napOAAl]~ou~ utjJtn&poTa~ ouvOuaa~~

(C 11 ew~ C22 0& ouvOuaa~6 ~& TO P2), Ka

stvo,\ \..IE OIO<poPETIKt; OUXVOTTlTO onoKomi,\·
o OlaK6nTl]~ S2 EnLileY&l ~ETa~u TCUV Ola<p6
pwv OUXVOTT'}TWV. Ol OVTlOTOCXI,\ R19 twe; R30
OEV tXOUV KonOlO O'Il\..laVTlKO pOAO OTOV KOSO
pla~6 Tl]~ xapaKT~plOTIK~~ Olt~EU"'l~ utjJ~·

AWV OUXVOTt;TWV KOl '1 unap~Il TOU,\ OTO KU
KAW\..lO onXo 6lEUKOAUVEl trW CPOPTIO'll TWV
nUKVWTWV OTO \..lt06 TIl'\ TOO'1'\ Tpoq>o6oofo,\,
tTOI waTE va \..lllV E\..lCPOV(~OVTOl OtT)V t~oOo

EIlEKTOP 12/2003
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~Xt'lIJo 6. H l.Iovo6a TaU I.IIKpaq>WVau 0110

KIIllPWI.IEll1l

TO ~IKp6<pwVO. H 0l.iv6cOT1 yiV£lOl ~tow Ol·
KAWVOU 8WPOKIOIJ£VOU Ko).w6iou TO anoia

KOTaArlYCI O£ tVQ 6ooIJo DIN 5 OKpOO£KTWV,

6nou TO ~£u~'l TWV OKpo6cKTWV OUV6tOVTOI
napQAATl).Q yla va a~T)oou".tE: lTlV Q~IOmOTfa

TWV cno<p<i>v. no TTlY t~o60 IJE: TPO<POOoolo

<paVTOIJ XPT)CJIIJOnOlouj..u:: tva 6UDIlO XLR Via

oooi, tvw yla lTlv m::pinTWOfl Tpo<pOOooia~

an6 l.moTopia XPTloIIJOnOIOUIJ£ lJia unoooxti
YIO 'KQpq>i' 6,3 mm !-.U: IJOVWIJ£VO 6tOKOnTTl
£noq)l1<;. Me TOV TpOno aUTO anoq>E:UyOUIJ£

TTlV avaYKOOTIKn £VOWlJaTWOll ~CXWPIOTOU

61QKonTTl on/off, KOSW<; KOI lllV unoxptwaTJ
vo 8UIJ6lJaoT£ KoBE cpop6 va TOV avoi~oulJ£.

KeTO TIlV 1£11\10; xPJiorl OTllV OKIlVli, eo npE
n£1 O£ KoBe m:pinTWOT) va nEIpcq.1aTl~~aoTE:

Yla va £VTon{~OUlJc nOla on6 TI<; 6t08toll..l£1\

XapaKTTJPIOTIK£C; KOTCU8uVTIKOTlltQ<; npooq>t·

p<:l TIlv £MXIOTll ovoOPOOT). Auto £~apTOTQl

T600 an6 TI<; 8tacle; TWV 'lxciwv 600 KOI ano

TI<; napaxtilJ£v£<; £nt<pOV£I£<; av<iKACKJIl<; TOO

Tixau. H OUXVOT11TO OnOKOntl<; TOO lJ'.Itlrn:fXl

TOO cpiATpoU 90 nptn£1 vo OPIOT£t KOTO npo
o£yyIOll. To CPOlVOIJ£VO TTl<; '£YYUTT)TO<;' TO

onoio '1 OUYK£KPIIJ£V'l OX£O(OO1l npoan09ti

vo OVTIIJ£TWniO£I, OCV £ivOI ntiVTOT£ OV£nt9U

IJ'lTO: O£ OptOIJ£v£<; n£ptnTlOO£l<; TO tOtOtT£fXl

TOVlKO XOpaKT11PIOTlKO TOU onOT£;\'oUv npciy·

~oTl TO ~IlTCl\)I.I£vo.(030046-1)

Avocpopt~:
<!>uIlMOIO O£00I.lEVWV TS925, ST
Microelectronics

KeT£ueUVTlKO I.IlKpO<pwvo.
Tau Klaus Rohwer, n£plOOIKO Ell!;KTOP,
OKTW6pla<; 2002, o£IIiOo 36.

EVX£lpiOLo MoeTWoTlKWV' (Hanbook of

Mathematics).
Tau Bronstein semendyayev,

Springer-Verlag, B£pollivo 2002.

YnoAoVlo~o~ T'l~ XOPOKT'lPIOTIK~~ Kon:u8uVTIKO

T'lTO~ KOI T'l~ OTTOKPIO'l~ OUXVOT~TWV

rT~ unohoYloll~ nou eo ClKoAoueftoouv eo XPllolllonotl)ooulJ.C ~.IlY06lKoV<; Ople·

Il~, 6l0Tl OTIlV OUYI<CKptlltVTl ncpinTWCT] napouou~ouv OPKCTO nhcOVCI<T!'IIlOTa.

Ot unoAoYl~o( eo IJ.nopoUoav CnlOl"J(; va yivouv I.IC XPftarl npoYIJ.0TIKWV I.IcycBWv,

0>..\0 QlITO eo I.Incp6cUcl AlYOKI TO npaYI.I0TQ. 0<; auVT')9w<;, YlO TOV 6~ovo TWV

CPOVTOOTlKWV eo xp1')OtIJ.onolT)oo,,~C j OVTI ylO i, oc~vou on TO i clVOl 6uvOTOV va

I.Incpl'icuTcl I.IC TO pcUI.la.

r1=.r 2+(<!.J1 -ro·d·cos'60
1 0 :!

E6W eo ClvOl '1 ywvio IJ.CTaE,U TOO Of;ovo Z KOl Tl)(; ypoW~ nou auV6t£1 Tr]V KOpu<p!'l

TWV m;ovwv KOl TTlV nTlYJi TOU !'Ixau. H n{£orJ p nau QIPC(N;TOl OTO KUotJO TOU Jixoo nau

6106i6etOl aulllJ.CTPlKQ Kat oqKJlPIKQ, dvat 6uvOT6v va CK<ppoaTcl we; n~ TOV )(p6vo

I Kat TTlV on6OTOOT] r, w<; ~~:

u,=UJ!. ,~w-",)
'1

OJ 0== !!l!...~.(1S .tr1 )

'f

E6W w - 2 * n * f dvOt '1 yWVtQl(f) TOXU"rr!TO Tau !'Ixau KOI K - W I c - 2 • n * A ciVat

TO mr')Oo<; TWV KLlU..WV TOU f1xau, 6nau c civot 11 TaxVTTlTO TOU Tixau (344 m/s) Kat

A £ivat TO llTit<-oc:; KUp.OT~ (A - elf). H pO £ivCJ. Ilia nap6J.J£T~ 11 ono(o &Knpoowncl

TTlv MOOIl TOU T\XTlTtKoU KUotJQT~ Kat YlO TOtJC:; ouyK~VOI..K; unoAoYtOlJ.olK; 6cv

£iVOl onapalTTlTTl 11 VVWar] TT]<; TlJ.Il'!'\ Tl)(;. H ~lowot1 (3) ~a<; ociXV£t 6TI Tl MOOIl Tau

JixOU &iVOl OVTIarp6lpw<;' avciAoY'1 TT]<; an6otaarrc; ano T1lV nTJYI'l TOU JixOU. YnoetTOU

IJ& TWpo on TO K09& IllKpOqK.JVO nap6y£1 1.110 T6ar] avciAoYTl TT]<; nicor)c; TOU f1xou OlO

&Ct<ppcryvo TOU. Mn~ Aom6v vay~ n~ T6o£t(\ CJJTt(\ we; &~I'!'\:

EOW nciAt 11 UO £iVai Ilia QAATl onp006t6ptOTTl n~&Tpoc:;, '1 anoia £ivOt avw..0YTl TOU

pO Kat 01T1V rovtXCIC Ba By&l on6 TOI..K; unoAoYlQ\JoUc:;. Mol:; ~lJ1lTlP€Tcl arl(\ OtJyKc·

Kpt~tvC~ t~toWo£l~ va 6laxwplOOU~t TTlv onOOCtOloo'l £~6pTl)Orl an6 TOV )(p6vo Kat

va ClooyaullC tva o.iv8tTO nMT~ A. Twpa tXOUIl£

UJ =.~.t'-jkrl ·el())l Uz = UJL e-jkr, .ejfDI

~ ~

ITI'lv ouvtXtlO 80 Xp£ICOTcl va ovon~ou~c (YlO n0p66ttYlla) TO U1 KOl Kan]

ouvtntlO Kat TO oUVetTO mQT~ Ola npaYIlOTlKO 1<0l TO IpOVTOOTlKO Tau I.ItPOl\. 00

nptntl Kala ouvtn£lO va

V/ := Uo .('-jkrj

'1

EmAtyOI4IC tva otJaTnlJ.O au
VTCTOYl.ltvwv onou TO &0

<ppOy1.l0TO TWV Il~VWV

txouv Ilia on6ot00Tl d OlOV

Of;ovo TWV Z, cupI(JI(6vcvo

~etptKO we; n~ TO

cnincoo x·y (O.y.oo!'l OE:

on6OTOOTl dl
2 npoe;; TO £navw KOl n~

TO KQTW).

&ltt TO IXJiIJ.O A Kat TO

IxrilJ.o B. H

flTJVli TOU f1xou 8pt0KtTOl OE:

on6OTOO11 r0 ono TI'lv KOPU

lJlJi TOU OUOTtiIJ.0TOC:; TWV au
VTCTaylltvWV. 'EOlW hot

nov OTI 11 on6otOOT) ~TaE,u

TT}(; nTl yi}c; KOl TWV 000

&O<ppQyI.l0TWV clVOl

r1 Kat r2.

Ot onOOT6of;u, auTt~ clVOl

6uvOTOV va unOAOYIOToUv

IJ.C T1lV 6oJi9£tO TOU

KOVOVO TWV '1IlITOVWV:

y

_.,.

®
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"
~OVQyp6lJlOUlJ£ TllV o.ivocOll £l(9£:too; ouvQptuflCJfl om npayl.lQTIKQ Kat lpOVTOOtlKQ

TIl': <J4>0'

U1 - Un (costr! ) 'ilnkr}) ~ R~UJ)" ~COSkrl' Im{U}):: U,l sinkrJ
~ ~ ~

To nAaT~ 0Cv clVOl TO rtpc:IWOTIKO ~, MM IlQMov TO IJttpo tou rov9C1OU

nAOTOl..I<; (to onolo Kat 9a xp£.IOOToU\J£ apy6n:pa):

'\0YlOTlKWV q>tJ'\'\wv 6nw<: EivQt TO Excel. AIl~IOUPYoo~£ npWTo l.Iio oTl;,\n Ylo lTJv
~tTo6aM6f.Jtvn napCq.itTpo, Oqll;VOVToc; XWpo YlO opt<.tTCC; T4JtC;. LTIlV ntpimwon

TWV XapctKlTJptOTtKWV KOT£u9uvTtK6lTJtoC; aun'l £IvOl Il 90, 1I0l OlTJv n£pimwon ~

ouxv6lTJtoc; oUTT\ tiVOl n f. ITT]v ouvtXttO l'in~IOUPY~t IJtptKtc; OK6~T] 0'f'T),\tc; VtO

to tvl'itCq.ttOO lJtyt9r) to onoio uno'\oyi~OVTOt IJt lTJV 601'l8tlo~ noponavw OXCm)<;·

To '\oytOTtKa qM.:iUa l'itV tiVOl ytVtKO O£ 8tar] va tncl:;tPY~OVTOl ~tYOOtKoUc; apt9

~oU<::. onotE xp£U.'i~OVTOl XWPIOTtC; on;,\£c; ytO TO npoy~oTtK6 Kat XWjllOTCC; ylO 10

~IYOOtKO ~ Ko9£ c1Iv9tlOU ll£yt9ouc;. KoA.6 £IvOl tniOJ')<; va KpaTf)oouIl£ ~io

vwvio OTO '\0VIOTtK6 cpUMo OTO onolo 9a ono8T1KWoou~t 6,\£C; nc; OT09tptC; nlJic;

onwe:; rOo Q, R, Kat C (6'\0 O£ ~OVOOE;<; SI, l'iflAoOJi: m. n KOI F).
Kala lev uncMOylOj..lO lWV XopctKlTJptOTtKWV KOTtu9uvTtKOmloc;. £IvOl 6t6010 anopli·

lTJTO va (x0TllPTiooo\.t£ lTJV roxvOlTJTO OT09t:pJi (ytO napo6tty~o f - 1000 Hz), onw<:
£nlarrc; Kot6 TOV uno'\OYlOj..lO~ onOKptOJ')<; roxvOTi}TWV 9a nptn&t va &01TIP~

Ola9£PJi lTJv ywvio np6omWOl"lc: TOU Jixou 90 (ytO nopOOttYIJo 0°). UOOV 0<p0p6
lWpo lTJv QyvWOlTl UO ~n~t onM va lTJv~t OlO 1. Imv npo ttAtUTaiO

<JTT'Y.T] IJnopoUJ.lt IJt lTJv 6of)eE:tO TWV ~toWotwV (14) Kat (23) va uno'\oyiOOtJlJE lTJV

OU'tlrttpt<PO¢ tTJC; UA. tvw 0lTJV ttAtUTaiO on'\An Il£TOlptnoull£ ttC; ~<; auttc; O£

decibel XPno4JOnOtWVTO<; mv oxton:

R

u,o,---------,
©

" ,0 log, lei., '" ]
l UIJ

EOW IlnopoUlJt va OOUIl£ va~ 10 0),0<; Vtati

9toolJ£ lTJV UO OC 1. on,\onOtWVTO<; lTJv

oxtoll (24). To u £lVOl lWPO tva KOT6llflAO

~yt9o<; Via va Il£Atn')ooullt lTJV ~6plTlOll ono
lTJv IJtlo6aM6IJ.tvn nap6lJtTpo. To npovpCq.tIJOTa tnt~yaoloc; '\OytOTtKWV q>UAAwv

l'ita9tTouv oUV!')9ux; 1J0p<ptC; OXtl'itaYPC1IJIJOTWV KOT6llflAtC; Yla lTJV XapctKlTJptOllKJi

KaT£u6UVTlKOlTJTOC;, onw<: tivOl n A£tToupy[a ox£Olaofll\ no'\IKwv OVVT£TaYlJtvwv TOU
Excel. rltpLAalJ66VOVTac; lOY OUVTtA£on; TOU rO, I.InopoVlJ£ £Ut<o'\a va auyKp[VOUIJ£

10 anOT£MoIJOTO O£ Ol<u.poptC; onOOT60£IC; Il£Taf;u nn'fl'l<; 1'Ixou Kat IJlKpotpWVOU, tVW

OC l'ilO<popttlKt') ntpimWOTJ n t~6PT'lOIl lOU Uono lTJV on6OTOO11 ouTt') 9a 1'ITOV noM

Ilt y6,),n·

u•...
\
u,

p « .. 1

c

U''-'-D'

H 15la<poPlK!'J T60rI UD 0(\1&10( co6 TI'lv oxtOTr

... [I .•. I <IJUn-U2-U/=-U" -e J l_-e) I

'1 "

H c~IOWOl1 YIC TTlv T6011 OTTlv ~oOO TOU 6aSu·ncpaToU tp[ATpolJ UF npoKUmCI c(j)Qp
Il6l';OVTa<; TOV Kov6vo lOU Kirchoff OTT'lv OVOOTptq>ouoo ElooOO lOU TCA£OTtKOO &VUJXU

ni'

EVOIOtptpoV nopouol6~tl

£n[011C; n I.I£To60,\1'I TOU

nOOOOToo oUvStonc; o.

Ot TtIJCC; nou OKo'\ouBoUv

Olvouv llC; XopoKlTJPlOTtKtC;

nou £IKovi~oVTOl:

a XapaKT11pIOTIK~ KaTtUeUVOfl~

° OX'i~a axn)
0,25 Yn'll"OiJ<l,oc'U<;
0,37 supe!cardioid

0,66 E"", 'c¢toc'U<;
I MtivllKarobJvtlKIi

H XapoKlTJPlOTtK!\
npootyyl~£Tol KaAUTtpo OTav

rTl~ XOlJnAt~ ouxv6TT1n:~ 11 aooAa61') TT'}(; 6oBlliOO<:; oun')c\

!Civel npoe; TTJV OTa9CPTi TqJJi: R
v:::-

N.

r~ TO 15 YlC TOY Myo ~T~U TT'f(; OJXV6TT)T~ nau 1.l<X; cvOto<Ptpct Kat TT)V

OUXV6TT1tO anOf(.onftl\

v-J_--uo
J t JO

• J-}tJ (J -Ju 1 -kr)~UF::U(}v.--,._~ 1 __,"

1+(,-'1 '/

=> UF - -Vo v1
- J~ '[[!.COSAr1-!...coss.r1)+ J{!.Sinl..rl-!.Sin.lr1 )]

J.... r,-'1 '/ " f}

:::::. RC{l-.,.};:Uo.~.[CO!'krl _COSy.:- +J sinkr] _ sinJJ., 11
1+0· fJ ':: 1.,~ ,1 J

=> Im(U, )-uo_v_.[J~_ ''''lu-')+ "oJ.,., "0", j
l+-oJ 1.'~ ,,,! "

To nOT£VOt6tJ,£TPO P ~o<; £mTptn£1 va ouv9toou~£ TO UI KOl UF at l'iU:l<PQPt<; OVaho
VicC;. "EOTW a TO nOOOOT6 TOU UI. T6T£ 9a txou~:

VA :C.,d.i/+(/-a)Uf
Ano aUTO TO 0111.1£10 KOl ntpa KaA6 £lvQt 0 uno'\oVlo~~ va npoxwPito£l opl8~llnKa.

AlJT6 ~nop£l va yiv£t ~£ lTJv 601'18£10 £V~ on'\oo npoyp6~~oToc; £nt!;£pyoo(OC;

H 6tATlOTTl tq.tTl Via lTJV R\I ~opT610t onOlTJV on6OTOOTl d 1Jt1~U TWV 6Uo OIOlppay

lJalwv. H R ono lTJv 6.UTl. £nTjpt6l;tl lTJV OU)(v6lTJTQ anOKOm;c; TOU 609untPOToo
qM.TpotJ KOlKQ1Q ouvtrttlO 10 xpf)ot~o EUpoc; TOU ~tKpo<pWVOU, Ko9Wc; Kat lTJV onoAa·

6iI (6£iT£ lTJV ~iOWOT) 17). Kot6 rovtn£tQ, T] tq.tn tTJC; R onon:Ad tva roIJ616ool.l0

lJ.£T~u £Upol.K; ~w"'" KOl TOU KIVOOvOU nopouo(oc; 9opU6ou Myw ~J'lc; ano'\a6T)c;.

Mia ev&QlPtpouoo £Kooxil £ivOl TO ono~o nou nopouotOl;£t n IJtTo6o,\1'I TOU rOo
Mn~ no'\u £UKptVW<; va naparrw::nioouJl£ TO tp01V~tVO £yyUlTJToc; • TO ono(o

OTav a - 0 Kat ~ ~tKPJi Tt~f1 TT)C; rO, £V1QXOCl nc; x~T'\AtC; OUXVOlTJT£C;.
etlOVToc; C - 0 Kal A - AV.~n~ va £!;0fl0lW00uJ,u: TO KUKAW'tJO lOU OKTw6p{OU

2002 xwpic; 609un£pcno qM)..TPO· EOW ~~ va napampf)oouJ.t£ lTJV tOXllPn

~QplTlOll tTJC; OTOSIJfll\ tOU orW0toc; £l:;6OOu ana lTJV ooxv6lTJTQ, OK6I.lT] KOI Il£

lJtyaN.itepcc; Tq.ltc; tTJC; rOo

ItO onoTtM:O\Jo 6t6alo lWV unoAoytOIJWV OtV IJnopoU~£ va 0W00u1Jt un£p60AtKJi

£lJntOTonNn. AC; lJ'lv Af1OIJovotillt on OtV M6aIJ£ un' 6qsn 10 y£yov~ OTt OlTJV

n~." TO OIatpp{JyIJOlO l'itv dvOl OllI.lttOKO a>.Ac.'i txouv tva CUYK£KPlIJiVO lJCyt8oc;,
y£yov6c; 10 onrno txtt OllIJOVTtK1'l £nlOpoorJ OTIC; ~C; OUXVOlTJttc;. 'Evo 6110 StlJO

tlVOl on 01 K6~tC; TWV ~tKpotpWvwv &:v £lVOI tOOVtKO: Ton09£lTJlJtvtC; O£ QVOIKTO

xwpo aM6 ntp(66)J.oVTol one TO OOUpwn;pl KOl TO tpi'\Tpo, ~t onolt,\£o~O va

£nT]pt6~OVTQl T600 T] XOpaKlTJPlOTIKt') KOT£USUVTtKOlTJTO<; 600 Kal 11 an6KplOll OUXvo

Tt')TWV. Ot nopon6vw '\omov ~no'\oytO~oi Ot:v IJnopoVv va unOKOto011')oouv TIC; npoy

1J0TIKtC; Il£TPito£lC; at tva Xwpo xwplc; avn;x'lO'l, aAA6 Bl60tO onouoio ttTOlWV

OOVOTOTJiTwv IlnopoUv tOUMXtOlOV va OWoouv 1.1[0 £vO£XOlJtvw<; XP1'I0l1JT] npootyyl

00·
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