YMOYPTEIO MNMAIAEIAZ, OPHZKEYMATQN KAI AGAHTIZMOY

INZTITOYTO EKMAIAEYTIKHZ MOAITIKHZ

TOMEAZ HAEKTPOANAOTIAZ, HAEKTPONIKHZ KAl AYTOMATIZMOY



ANAAOTITKA
HAEKTPONIKA



ITOIXEIA APXIKHY EKAOXHX

OMAAA ZYITPA®HZ
e N.T. Qgo@dvoug,
Kabnynmg Mavemmornuiou ABnvwv.
e X.A. KaveAAétToUAOG,
®uaikég-PadionAektpoAdyog, Ph. D., S. lllinois Univ. 20uBouAog I1.1.
e X A MokTiTng,
B. Sc. (Tech.), P. G.Dip., M. Phil., Ph.D., MIEE, AvamA. Kabnyntrig TEI ABrhvag

OMAAA KPIZHZ

e AvayvwoTou Zrapdriog, Puaikdg-Pad/nAek, Kabnynrrig A/Buiag Ekmaideuong.
e ABavdoiog Mouldg, HAektpovikog, Kabnynrig A/Buiag Ekmaideuong.

e [ewpylog MouaTdakag, HAekTpovikdg, Kabnynrigc A/Buiag Ekmaideuong.

HAEKTPONIKH EMNE=EPTAZIA
o  Afuntpa MnAiwwvn, Anuéaoiog YTTAAAnAoG.

FAQZZIKH EMIMEAEIA
e Nrapapd Mapia, ®iIAdAoyog, KabnyATpia A/Bpiag Ekmraideuong

IXEAIAZMOZ EZQOYAAOY & NMPOEKTYNQZH BIBAIOY
ZYNOEZH

MAIAATQIIKO INZTITOYTO

EmoTtnuovikég YeuBbuvog Tou Topéa «HAEKTPONIKQNY,
Xar¢neuaTpariou lyvaTiog
Modviuog lNapedpog Tou MNaidaywyikou lvaTirouTou

ITOIXEIA ENMANEKAOXHX

H emavékdoon Tou TTapovTog BiBAiou TTpayuaToTroIifénke atré 1o IvaTiTolTo
Texvoloyiag YTroAoyioTwy & EkdOoewv «AIOQAVTOGy HECW WNPIOKAG HOKETOG.




YTMOYPIEIO MNAIAEIAZ, OPHZKEYMATQN KAI AGAHTIZMOY
INZTITOYTO EKIMAIAEYTIKHZ MOAITIKHZ

N. . GEOPANOYZ X. A. KANEAAOINOYAOZ
2. A. MAKTITHZ

H ocuyypagn Kal 1 eMOTNUOVLIKY ETIIHEAELA TOU BIBAIOU payuaTtoTomenke
uttd v atryida Tou MNawdaywytkou IvoTtiToutou

ANAAOTIKA
HAEKTPONIKA

Mépog B' EpyaoTrpio

" EMNA.A.

EidikoTnTa: TeXVIKWY HAEKTPOVIKWY KAl YTTOAOYIOTIKWY 2ZUCTNHATWY,
EykaTtaoTtdoewy, AIKTUWV Kal TNAETTIKOIVWVIWV

TOMEAZ HAEKTPOAOQOTIAZ, HAEKTPONIKHZ KAl AYTOMATIZMOY

INITITOYTO TEXNOAOTIAZ YINOAOIEZTQON KAI EKAOZEQN
«AIODPANTOZ»






— NMEPIEXOMENA -

YT T =1 oo o T 9
2uoTnua Mvakidwy Breadboard ..., 10
ACKNGN T e 12
>OAANMATA METPHZHZ TAZHZ

AOKINGI) 28] e 16
MAAMOIPA®OZ

AOKNGI) B e 24
ENIZXYTHZ CE

Y Yo 1(g o I I 28
AIADGOPIKOZ ENIZXYTHZ ME AIAKPITA XTOIXEIA

Y Yo 1(g o £ I £ IR 32
ENIZXYTHZ ME ANTIZTAZH ANAZYZEY=HZ R_

Y Y014 o £ I 1 IR 36
ENIZXYTHX 2 BAOMIAQON APNHTIKHE ANAZYZEY=HX

Y Yoy (g loJ ¢ I 4 1 H T RS TT 43
ANAZTPE®QN ENIZXYTHZ AC ME TE

AOKINGI) 81 e 47
MH ANAZTPE®QN ENIZXYTHZ AC ME TE

AOKNGN) D) e 51
AGPOIXTHZ KAI AGAIPETHX ME TE

Y Yo 14 o o I X 55
OAOKAHPQTHX

Y Y014 o £ I A R 58
AIAOOPIZTHZ

ACKNGN 120 e 61
>YNTONIZOMENOZ ENIZXYTHZ ME TE

AOCKNGN) T30 e 65
QPINTPO XZ 1ou BAOMOY

ACKNGN) TAN e 69
QINTPO YZ 1ou BAOMOY

Y Vo214 o 1 I Y I 73
®XZ 20u BAOMOY SALLEN-KEY ME ENIZXYZH

Y Y0114 o £ X 1 IR 77
dYZ 20u BAOMOY SALLEN-KEY ME ENIZXYZH

ACKNGN 1T e, 81

QPINTPO ZTENHZ ZONHZ AIEAEYEHZ



Y Vo) (g [oJ o N R 85
QDINTPO ZTENHZ ZONHZ ANOKOIMNHZ

ACKNGN) TN e 89
TANANTQTHZ COLPITTS

AOKINGTI) 200) e 93
TANANTQTHZ CLAPP

AOKNGI) 200 e 97
TANANTQTHZ HARTLEY

Y AYo) (g Lo o 4 o 100
TANANTQTHX WIEN

Y AYo) (g Lo o 22 1 103
TANANTQTHZ METAGEZHY OAZHX

Y Yoy (g Lo g B2 o H T 107
TANANTQTHXZ ME KPYZTAANO

AOKINGI) 280) e 109
FENNHTPIA TETPATQNIKQN NAAMQN ME TO 555

Y aYo) (g (o] ¢ 14 o o BT 111
AIEFTEPTHZ SCHMITT ME TO 555

Y AYo) (g Lo o A 4 113
METATPOINEAXZ TAZHZ/XYXNOTHTAZ (VCO)

Y AYo) (g Lo g 2 o 116

ENIZXYTHZ IZXYOZ ME TE KAI BJT



— MpoéAoyog —

270 deUTEPO Teuxog Tou BIBAiou divovtal Ol EPyacTNPIOKEG QOKNOEIG
TTOU Ba TTPAYUATOTTOINCEI O OTTOUBACTAG YIO VA EUTTEOWOEI OTNV TTPAEN TN
Bewpia Tou TTpWTOU TeUXOUG.

Mpiv va TTpayuaTtoTroifoel TNV KABE epyaoTnpIakr doknon TTPETTElI VO

MeEAETAOEI TTAAI KOAA TN Bewpia TG avaTpEXOVTAG OTO TTPWTO TeUXOS TOU
BiBAiou.

O1 ouyypageig






H Texvikn 'EkBeon

2€ aQuTO TO OUVTOMO KEiEVO divOUuuE PEPIKOUG BACIKOUG KAVOVES yid TO
TTWG YPAQPETAI KOl TTAPOUCIACETAI N TEXVIKI €KBEON TNG EPYAOTNPIOKAG OUG
aoknong, TTPAyua TTou gival Bacikog TTapdyovTag VIO va KAVETE CWOTH £p-
yoaoia 0To EpyacTrpIo.

EvnuepwOeite TTOAU KAAA yia TO OKOTTO TOU TTEIPANATOG TTOU TTPO-
KEITAI VO KAVETE. AUTO anuaivel 0TI ExeTe MEAETAOEI TTOAU KAAd TO O¢-
wpNTIKG PEPOG TNG AOKNONG TIPIV TNV KaveTe. Mn Bacifecte yévo oTIg
TEPIANTITIKEG TTANPOPOpPieg TTou Ba BpeiTe - TIG TTEPICCOTEPEG POPEG -
OTO epyaoTnpiakd cag BiBAio. AvaTpéfTte Kal To BewpnTIKO PEPOG TOU
BiBAiou cag | oe otolodnTToTE KATAAANAO BIBAi0 TTOU TTpayHOTEUETAI
OwOoTA TO B€pa.

‘Evag KaAOG TPOTTOC VIA VO OPYAVWOETE TIG JETPAOEIG TOU TTEIPAUATOG
gival va €xete OUO TETPABIA CNUEILCEWY: £VA YIA VO YPAPETE TIG UETPAOEIG
TTOU Ba TTaipVETE OTO EPYACTHPIO KI €va AAAO, TO €TTionuo, TTou Ba diveTe
oTov UTTEUBUVO TOU £pyaaTnpiou To oTToio BaBuoAoyeiTal Kal 0ag ETTIOTPE-
QETAl.

H 1Tapadoon Tng TeXVIKNG €kBeoNG KABE epyacTnpIakng aoknong Ba
yiveTal aéowg KaTA TNV TTPOCEAEUCT] GGG VIO TNV ETTOUEVN AOKNGON.

KdaBe pabnthg ogeilel va &€pel KaAd 10 BEua TG doknong, yiaTi €¢e-
TaleTal kKol BabuoAoyeital o KGBs doknon atd Tov UTTEUBUVO TOU £pya-
oTnpiou.

2xedIGoTe Ye TTPoooX KABE KUKAWMA TTOU XpnaIJoTrolEiTe. BeBaiwBei-
TE OTI KAVETE OWOTA TN OUVOETHOAOYIa. ZQAAPATA CUVOETHOAOYIAG £XOUV
TTEPACEl ATTAPATAPNTA KAl Ol HABNTEG EXOUV TTAPEI KOWOTEGH PETPHOEIG PE
€0QaAuéveg ouvdeooloyieg kal dpyaval

Ol OUOKEUEG TTOU XPNOIKOTIOIEITE €ival OUXVA OIOQOPETIKEG ATTO QUTEG
TWV GAAWV PaBnTwV Kal PUTTOPEI £€TAT Va £XETE DIOQPOPETIKA QTTOTEAECUATA.
.. UTTOPEITE VO EEPETE TNV ETTIOPACT TTOU E€XEI £VA BOATOUETPO OTAV CUV-
0eBei 01O OUAAEKTN €vO¢ TpavlioTop; ETTiong, TTola gival n avTioTaon €106-
00U evOG TTaAPOYPA@ouU TToU XpnolpoTroleiTe. AkOua TTola eTTidpacn Ba €xel
N XwpnTIKOTNTA £1I00O0U TOU O€ €vav TAAAVTWTH TOU OTTOIOU TTAPATNPEITE
TNV KUpatouopen;

Ot1av ypdoeeTe TNV TEXVIKN €KBEOT, ava@épaTe KAT apxr T0 OKOTTO TNg,
TIG CUOKEUEG TTOU XPNOIUOTIOINCATE, TOV KATAOKEUQOTH TNG, KABWG KAl TOV
augovTa apiBud TNG CUCKEUNG.
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MeTa atmd pia ouvtoun BewpenTIKA TTEPIYPAPN TNG AOKNONG, Ba TTPETTEN
VO OWOETE AETTTOUEPWG TIG METPNOEIG OAG, TO ATTOTEAECUATA KAl TIG KAWTTU-
AgG.

TéAOG, Ba TTPETTEI VO KAEIOETE TNV TEXVIKA 0OG €KBEON PE PO OUVTOUN
oulvoyn TnG AoKNONG ME TA CUPTTIEPAONATA TTOU BydAaTe ammd To TrEipapa.

2uotnua Mvakidwyv Breadboard

‘OAgg 01 pyaoTnPIaKEG AOKNOEIG yivovTal TTAvVw o€ TTIvakideg breadboard.
O kaBnynTtAg 000G Ba 0ag EvNUEPWOE! YIA TO XOPAKTNPICTIKA Kal T XPA-

on Twv breadboard.
Mpiv apxioeTe éva TTEipApa 0ag OUVIOTOUME VO KAVETE Ta EENG:

1. ZxedIdoTE €K TWV TIPOTEPWV TO TTEIPAPEG 0OG. Oa TTPETTEI va yVwpIdeTe
Aiyo-TTOAU Ta aTTOTEAEOUATA TTOU TTEPIMEVETE.

2. 2uvdeaPoAoyAOoTE TO KUKAWWPA oag. EAEYETE TO yia TH OwOTr TOU OUVOE-
ouoAoyia.

3. Tpo@odoTAOTE TO KUKAWMA E TAOT TTAPOXNG.

4. Otav TEAEIWOETE TO TTEIPANA, ATTOOUVOEDTE TTPWTA TNV TAoN TTAPOXAS
TpIvV BYAAETE Ta e€apTripaTta aTrd 10 breadboard.

Ta epyaAcia TTou Ba XpNOIPOTIOINCETE yIA TA TTEIPAPOTA 0aG gival Ta €EAG:
MuToTtoiudo.

ddpTNG KAAWdIiwv.

Mikpd katoaid.

EEOAKEQG OAOKANPWHEVWV KUKAWUATWY.

KaAwdia No.22, 24 | 26, yovwpuéva, JovOKAwva.

MT1rpocéAa.

o aswNE

o O1 kKoAwdIwoeIg TTPETTEN va gival 600 To dUVATOV TTIO JIKPEG, YIO VA Un
OUYKEVTPWVOUV B6pufo.

e [loTé va unv €10dyeTe yupliopéva KaAwdia, aAAG Povo iola, oTIG TPUTTEG
Tou breadboard €17€10r] KATAGTPEPOVTAL.
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2UOKEUEG Kal YAIKA:

MNa ta meipdpoTd cag Ba XpelaoTeiTe Evav TTOAPOYPAEQPO U0 KavaAlwv
KOl JIa YEVVATPIA OKOUGCTIKWY CUXVOTATWY N YEVVATPIO KUPOTOUOPPWY,
TTOAAG TpavlioTop, TTOAAOUG TE 741, avTIOTACEIS KAl TTUKVWTEG. Z€ KABE
aoknon divetal 0,7l Ao XpeldleTal.

To 110 KATW oXnua OeiXvel TOUG AKPOBEKTEG Tou TE 741.

O tVee
NC
Offset Null II E (no connection) 5
oO—= 7
Inv. input [2}—= 7] +V 5 5
. 3 4
Non-inv. _I_ w8
sl P Lo o
~Vee Iz El Offset Null
O -Vee

Akpodékreg Tou TE 741.
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Aoknon 1n

2OAAMATA METPHZHZ TAZHZ
E1.1 Zko1rég

2KOTTOG TOU TTEIPAMATOG auToU €ival n eKuddnon TNS ANWNG METPACEWY Kal
UTTOAOYIGHOU TWV OQAAUATWY TACEWV HE TTOAUPETPO (VOM), ue TTaApo-
ypdpo (CRO) kai pe nAektpovikd (HB) ) wneiakd BoAtduerpo (WB).

Na uttohoyiocoupe Kal va KOTaOKEUAoOuue €Tmiong évav utroBifacTh dc
€VOG NAEKTPOVIKOU OpyAvou PETPNONG.

E1.2 Yuokeuég

1. Alaip€tng dc Taong.
2. Opyava VOM, CRO, HB | WB.

E1.3 OswpnTikd YTéBadpo

10 Mépoc¢

‘Eva a11é Ta BACIKA onueEia TTOU TTPETTEI VA TIPOCEXOUME KATA TN JETPNON
Tdocwy €ival n @OpTWON TNG TTNYNG. KA&be aToixeio TTou TpaBdel peuua
atd pia TNy Taong ovopddeTal @opTio i @OpTOg aUTHS. Opyava peTpn-
oewv ommwg Ta VOM, CRO, HB kai WB atroteAolv onuavTikd @opTio yia
TNV TNy oTNV oTToia Ba KAvouue PéTpnaon.

To o@daAua péTpnong Bpioketal atrd TN oXEON:

V. -V
£% = TP __UTP 5 40Q) (E1-1)

pay

o1T0U
Virpay N TIPAYHATIKA TIPK TNG TAONG TTOU TIPOKEITAI VA JETPROOUE
Vyerp N TIPA TNG TAONG PHETPOUUEVN QTTO TO OPYAVO.

To 2x.E1.1 deixvel To diaipéTn de Tdong.
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Ry

<
|
1

R2§ Vo

O

Zx.E1.1. YmoBiBaorrig dc 1aorng.
H trpayuaTikr TiuA TG utrd péTpnon Tdong, Ba givai:

= RZ
moay m (E1.2)
H uetpoupevn Tiun €€aptdral atrd TNV ECWTEPIKA AVTIOTOON TOU 0pYyAvou.
MNa ta VOM, n eocwTtepIKA avTioTaon Tou opydvou BpiokeTal atrd Tn OXE-
on:
I, =S, XV, (E1.3)

OTT0U
r. N EOWTEPIKA AVTIOTOON TOU OPYAVOU.
S, neuaioBnaoia Tou opydvou aTo dc, n oTToia avaypda@eTal aTnV TTPO-
ooyr) Tou.
st H péyiotn Tiun TNG KAigakag otnv oTroia epyadouaoTeE.

dc

MNa 1o HB, €ite avaloyiko €ite Ynelako, kabwg kai yia Tov CRO, n eow-

TEPIKA TOu avTtioTaon Sivetal Ao TOV KATAOKEUAOTA TNV TTpéooywn Tou

opydvou.

H BewpnTIKN TIKA TNG METPOUPEVNG TAONG €ival:

P R, -V (E1.4)
R, +R,

ME
(E1.5)
R/=R, /I r,
OTIoU 1 €ival N ECWTEPIKN avTioTaon Tou opydvou pétpnong taong (VOM,
CRO, HB 1 ¥B).
ATo mig E€.(E1.4), (E1.2) kai (E1.1) utroAoyidoupe BewpnTiKG TO OQAAPQ
HéTpnONgG.
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20 Mépog

OmroiodnTote Opyavo pétpnong dc taong (VOM, CRO, HB, WB) éxel
oTnv €icod6 Tou évav utroBiIBacTh dc (Zx.E1.2) yia va €xel Tn duvaToTnTa
Va JETPAEI O€ DIAPOPES TTEPIOXES TIMWV. Me dedopévn TN GUVOAIKNA avTioTa-
on R, (R, + R, + ... + R,) Kai TIG TTEPIOXEG TOU OPYAVOU PTTOPOUUE VA UTTO-
Aoyiooupe Tov KatdAANAO uTToRIBaCTH. £T0 OeUTEPO PEPOG TNG EKTEAEONG
TnG doknaong Ba uttoAoyicoupe évav TETOI0 UTTORIBACTA.

E1.4 EKTEAEZH THX AZKHXZHZ

10 Mépoc¢
1. MNpaypaToTToINoTE TO KUKAWWA Tou ZX.E1.1 pe TIG €ENG TIMEC:
V=12V, R, =27 KQ, R, =56 KQ
O Py
Ry
R2
N o s
R4
2
Rs
O ® O

2x.E1.2. YrroBiBaoTri¢ dc Tou opydvou.

2. a) Xpnoigotroiwvtag VOM, petproTe TNV TA0N VOW.
B) YtroAoyioTe TO TTEIPAPATIKO OQAAUQ PETPNONG.
y) Y1roAoyioTe BewpnTik& TO CQAAUa PETPNONG.
0) ZUYKPIVETE TO TTEIPAPATIKO WE TO BewPNTIKO GQAAUA PETPNONG KOl
OIKOIOAOYIOTE TO OTTOTEAEOUA AV UTTAPXOUV ATTOKAICEIG.
3. a) Xpnoipotroiwvtag CRO, peTpRoTe TNV 140N Voer OTNV £€0d0 TOU dIal-
pETN.
B) YtroAoyioTe T0 0@AAPQ PETPNONG.
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y) Y1roAoyioTe BewpnTiK& TO OQAAUA PETPNONG.
0) Zuykpivere TO 0@AAUa OTIG dUO TTEPITITWOEIS Kal BIKAIOAOYNOTE TO
QATTOTEAECHUO AV UTTAPXOUV OTTOKAICEIG.

. a) Xpnoipotoiwvtag HB, petprioTe TNV 1a0n V, 0TV £€080 TOU BIaIPETN.

B) YtroAoyioTe TO o@aAua péETpnong.

y) Y1oAoyioTe BewpnTikd TO OQAAPa HETPNONG.

0) ZUyKpIiveETE TO OPAAPA HETPNONG KAl OTIG OUO TTEPITITWOEIG KAl OIKAIO-
AOyroTE TO ATTOTEAEOUA AV UTTAPXOUV QTTOKAICEIG.

. F'payre Ta cupTTEPAOPATA CAG.

20 Mépog

6.

Av n €icodog Tou utroBIBaacTr) Tou 2x.E1.2 ival 10 V kai 7o aBpoioua R,
TWV avTioTdoewy givalr 1 MQ, uttoAoyioTe Tov UTTORIBACT YIA TIG TTEPIO-
x€6 10V, 5V, 2V kal 1V (6éocig 1,2,..., 5, avrioToixa).

. Y1roAoyioTe T0 o@dAua o€ KaBe TTepiTTTwon XpnolyotroiwvTtag HB i WB.

MeTpraoTe TIC TATEIG TOU.

. Fpdyre Ta guptTepdopaTtd oag.
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Aoknon 2n

NMAAMOIPA®OZ

E2.1 Zko1dg

a) H ekudbnon Tng Xpriong tou TTaApoypdgeou (CRO).
B) Na xapdgete TeIpapaTIKG Kal BewpPNTIKG TNV KAPTTUAN atroKpIiong Kal
@aong evog atmAou dikTuwpatog RC.

E2.2 Yuokeuég

1. Mvokida breadboard.
2. TevvATpIa XauNAWY ouxvoTATWY (X.Z.).
3. MaApoypdpog dITTARS BETUNG.

E2.3 OswpnTikd YTéBa6po

O tmmaApoypd@og cival iowg To TTI0 onuavTiké épyavo Tou epyacTnpiou. To
2X. E2.1 d¢eixvel 1o douiko Tou didypapua. AtroteAgital aTtd évav EVIOXU-
TA KATAKOPUPWYV TTAAKISiwV Kal aTTd évav opIfovTiwV TTAAKISiwy Ta
OTTOIO CUVOEOVTAI JE TA KATAKOPUQA Kal opIfOVTIa TTAAKISIa TOU KaBodIKoU
owAnva (CRT). Emiong mepiAapBavel pia yevvATpia odpwang, n otroia di-
VEl YPAUMIKN Taon odpwaong Kal £€va Tpo@odoTIKO UYNAAS Tdong, 1O
otroio Tpo@odotei Tov CRT. Y1apyxel GANo éva TPo@OodoTIKO XaunAng
Tdong (o€ @aiveral aTo dopIKO dIAypauUa) TO OTToi0 TPOYODOTEI OAa TO
UTTOAOITTO KUKAWHATA.

To uTto PéTpnon oAua e@apudleTal aTnv €i0000 (Y) TOU EVIOXUTH KOTAKO-
pueng atrékAIong (opifovTiwv TTAaKIBiWY). O evIOXUTAG auTdg EVIOXUEI TO
TIAGTOG TOU UTTO PETPNON OAUATOG, WOTE VA TTPOKAAETEI ATTOKAIOTN TNG NAE-
KTPOVIKNG &€0UNG ToUu NAeKTpoVIKoU TTupofoAou Tou CRT. ‘Eva pépog Tou
EVIOYXUMEVOU OUOTOG XPNOIYOTTOIEITAI YIa TN dnIoupyia evOg TTAAUOU TToU
dleyEipel TN YEVVATPIO 0APWONG, WOTE VO CUYXPOVICEl TN YEVVATPIO OApw-
ONG JE TNV KUPOTOMOP®NA €I0000U YIa va gival n Kupatopop@r otabepr (va
MNVv Kiveital otnv 086vn). H £€£000¢ TNG YeVVATPIOG OAPWONG VIOXUETAI KOl
eQappodeTal ota TTAaKidIa opIOvTIag aTTOKAIoNG.

H yevvATpia cdpwaong divel eTiong oT1o nAeKTpoVvIKO TTUPOoROAo Tou CRT
évav I0IKO TTAAUO TTou "paupiCel” TNV NAEKTPOVIKA dE0UN KATA TN dIdpKela
TNG ETTIOTPOPNG TNG OEOUNG OTNV APXH EKKIVNONAG TNG, £€T01 WOTE N KNAIdA
Va ETTIOTPEPEI XWPIG VA aPrVEl iXVOog.
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Mepikég QopEG cival TTPOOPOPO va dIEYEIPOUME TN YEVVATPIA OAPWONG HUE
eEWTEPIKO onpa (external trigger). Autd €ival attapaitnto OéTaV TTPETTEI VA
apxioel n ocdpwaon TPIV TO TTAGTOG TOU OAUATOG TWV KATAKOPUPWY TTACKI-
Oiwv yivel peyaho.

Otav dev XpeladdpacTe TN YPAUUIKT) 0dpwaon, OTTWG OTNV TTEPITITWAN TWV
oxXNUATWV Lissajous (BAETTE M0 KATW), N €i0080¢G TOU €VIOXUTH TwV 0pILo-
VTiWV TTAAKIDIWY CUVOEETAI OTOUG OKPODEKTEG TWV OPICOVTIWV TTAAKISIWV
Kal €101 UTTOPOUME VO TPOPODOTACOUNE PE EEWTEPIKEG KUPATOUOPYPEG TOGO
Ta 0pIfOVTIa GO0 KAl TA KATAKOPUQA TTAOKIDIA.

Etriong, €ival duvatov va SIoPop@WVOUNE TNV €VTOON TNG NAEKTPOVIKNG
0éoung UETABAANOVTOG TO BUVAUIKO TNG 10000V TOU TTAEYUATOG TOU NAE-
KTpovIkoU TTupoféAou. H eicodog autr) ovouddleTal €icodog agova z.
2TOUG EVIOXUTEG KATAKOPUPNG Kal opIlévTiag atmokAIong utrdpxouv diaipé-
TEG TAONG yIa va puBuifoupe 1O PaBUS TNG atmOKAIONG TNG KNAIdag oTnv
0Bovn.

. . HAekTpovikd  MAakidia MAakidia
Eicodog a¢ova z TTUPOBOAD  OPIOVTIOG  KATAKOPUPNG
O atokAiong aTTOKAIONG

EoTiaon (Focus) Tdon
O TPOYPOdOTNONG
‘Evraon (Intensity) CRO

Eioodog Evioxutiig
KATaKOPUPWY O KATAKOPU®PNG
TAGKISiWV amrokAIong

TTOAp6G
HaupiopaTog
(blanking)

E€wtepikn (external) O AI’éYthGn
O > o) odpwong
Eicodog
i N Evioxutig
Elcgjoaog > o opIgévTIag
OpigovTiwv

2x.E2.1. Aouiko diaypauua maAuoypdgou.
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H tdon 1pogodoaiag Tou CRT oxedidletal, woTe n dc Tadon Tpo@odoaciag
TWV OTOIXEIWV TOU NAEKTPOVIKOU TTUpofOAou va pttopei va puBuileTal yia
va emMTUXOoUUE AploTh eoTiaon (focus) kai évraon (intensity) Tou ixvoug Tng
KnAidag. ETriong, €xoupe Tn duvatotnTa va pubuifoupe Tn B€on TNG KNAidag
ToU TTaApoypd@ou aAAalovTag Tig dc Taoelg TTOAWONGS TOCO TwV OpPIfOVTIWY
000 KAl TWV KATAKOPUPWYV TTAAKIDIWY.

H 1kavoTnTa TOu TTOAPOYPA®OU va aTTEIKOVICEl GANaTA TTOAU UWNAWVY Ou-
XVOTATWV TTEPIOPICETAI OTTO TNV UWNAR ouXVOTNTA OTTOKOTTAG (A MIONG 1I0XU-
0G) TOU €VIOXUTH KATAKOPU®NG ATTOKAIONG Kal aTTd TNV ammddoan TG QuTEl-
votnTag Tou CRT o¢ peydAeg TaxuTnTES Kivnong TNG KNAidag.

MNa va maparnpriooupe éva ofua pe Tov CRO uttdpxel éva kaAwdio (Bwpa-
KIOUEVO) TTOU CUVOEETAI OTNV €iI0000 TOU EVIOYXUTH KATAKOPUPWY TTAAKIDI-
WV Kal ovopadeTal onUaTtoAnTITNG (probe). YTdpyxouv onUOTOAATITEG XWPIG
utroBIBacpo (1:1) kai pe utroPiBacud 1:10 kar 1:100. To Zx.E2.2 deixvel Tn
Mop®n evOC ONUATOAATTTN.

™M
s |
-
Q
=
o
>
=
3
=
=
s

KUkAwpa e1c6d0u
TTaApoypdeou

ol ' J~Tu

O

2x.E2.2. Baoikn popen onuaroAnmrn (probe).

H oxetika peydAn avriotaon gi06dou (Tutrikég Tipég, R=1 MQ, C=20 pF)
TOU TTAAPOYPAQPOU Kal N TTPOKTIKA XWPIG adpdavela Kivnon TG NAEKTPOVIKAG
O£ NG KAVEI TOV TTOAPOYPAPO JIa ATTO TIG TTI0 “"EEUTTVEG NAEKTPOVIKEG OU-
OKEUEG.

Me ToV TTAAPOYPA@PO PTTOPOUME VO PETPROOUNE dc Kal ac Taoe€lg, edon,
TTapaudpewan, ouxvotnta, Babuod diaudpewang, K.a.

Mpiv K&vouue PETPAOEIG PE TOV TTAAUOYPAQPO, TTPETTEI va TOV BaBuovopn-
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ooupe. H BaBuovounon emrtuyxdaveral cuvdEOVTaG TO ONUATOAATITN (probe)
OTNV ECWTEPIKA YEVVATPIA TETPAYWVIKWY TTOAPWY (O OKPOBEKTES TNG Eival
aTnVv TTPOCOWN TOU TTAAPOYPAPOoU) Kal puBUICOVTOG TO QVTIOTOIXO KOUWTTI,
WOTE VO €XOUPE CWOTA TETPAYWVIKA KupaTtopdopen atnv 08évn (cuvndwg
10 oAua Bdong civar 1V, 1 kHz). Etriong Ba TTpéTtrel va TTpooéXoue Ta
KOUUTTIA EAEYXOU TWV EVIOXUTWYV KATAKOPUPNG ATTOKAIONG KAl 0Apwong va
givar otn B€on Babuovounong (calibr.).

MNa va perpooupe TN dla@opd edong @ evdg nuIToviKoU GAPATOG WG
TTPOG €va GAANO, Ta EQAPUOLOUNE QVTIOTOIXO OTIC €10000UG KATAKOPUPNG
(Y) ka1 opigovTiag (X) atmrokAIoNG Tou TTAAPOYPA@OU UE TN OAPWON EKTOG.
Tote, yevikd, oxnuatiCetal n éAeiwn Tou 2x.E2.3 (eikéva Lissajous). INa tov
TTPocdlopIousd TNG @ PeETPAUE Ta PAKN o Kal B €TTi TNG 066vNG Kal Xpnaoiyo-
TToI0UE TOV TUTTO

®=sin' P (E2.1)

2x.E2.3. Mérpnon @aong ue tn uéBodo Lissajous.

H pébodog auth ovouddletal pébodog Lissajous. To Zx. E2.4 deixvel 1n
@aon yia didgopa oxAuaTa Lissajous.
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A0 )
TN RN,

0°, 360° 30°, 330° 60°,300° 90°, 270°

(D O
N N

120°, 240° 150°, 210° 180°

2x.E2.4. ®aocic yia didpopa oxnuara Lissajous.
H delTepn PEBODOG PETPNONG TNGS PACNG TTPAYUATOTIOIEITAI JE TN TAPWON

evTog 0Tn B€on altr kan yiveTal 0TTwg deixvel 1o 2X.E2.5. H pétpnon yivetai
oupewva pe 1o 2x.E2.6 kai xpnoigotroigital n e§icwaon

®= % % 360° (E2.2)

v,

probe 10:1
FevviTpio RS O—=x < — O

Xz
probe 10:1

2x.E2.5. MéTpnon ¢aong KUKAWuArog ue n oapwaon evrog.
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- ) . /

T | f— Td -]
2x.E2.6. Métpnon @aong ue 1n odpwon eKToG.

To 2x.E2.7 deiyvel To dikTUwpa RC Tou otroiou Ba peTpriooupe TO TTAATOG
Kal TN @Aaon Tou. ATTOSEIKVUETAI OTI TO PETPO TNG CUVAPTNONG METAPOPAG
ToU, dnA. 0 ABYOg TG TAoNG €60d0U VWG TTPOG TNV TAon €iI06douV,, divetal
atrod Tn oxéon:

_ V,
M) <

f
1+ :
+(f1) (E2.3)

dpa, oe dB

A = 20log|H(jw)| = 20 Iog;de
]
1+ = E2.4
(ﬁ (E24)
otmou f, eival n ouxvétnTa PIoNG 1I0X00G I CUXVOTNTA ATIOKOTING Tou dI-
KTUWMPATOG (TO OTToio €ival TTadNnTIKO QIATPO XauNAwWvY CUXVOTATWY) Kal f
gival n ouxvoTnTa TNG YEVVATPIOS XAUNAWY CUXVOTHTWYV TTOU TO DIEVEIPEL.

R
o—AWVW\ * O
10 K l
v C=—10nF  |Ug

2x.E2.7. QiATpO xaunAwv cuxvoTATWY yia Tn UETPNan
TOU LETPOU Kai TNS @ACNGS TOU.
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H ouxvoTnTa atmmokoTThg Tou QiATpou diveTal atrd Tn oxEon:

1
= (E2.5)
fi 21RC

Orav n f = f, n ES.(E2.4) yivetau:

A =20- |ogi =20-10g0.707 = -3dB (E2.6)

J2

(ETo1 opieTal n ouxvoTNTA ATTOKOTING TOU QIATPOU, dNnA. N ouxvoTnTa EKEi-
vn 1Tou n Téon €66dou EQTEl aTa 0.707 TnNG Taong €106d0u dnA. -3 dB KaTWw
atro Tn p€yioTn Tdon €600u).

H @don dia yéoou Tou dIKTUWHATOG BiveTal AtTd Tn OXEON:

® = tan™ (I (E2.7)

1

E2.4 EKTEAEZH THZ AZKHZHZ

1. MeTprioTe didgopeg dc TAOEIG TTOU UTTAPXOUV GTO EPYACTAPIO WUE TN BO-
nBeia Tou CRO (o TrTaAuyoypd@og va gival otn 8éon dc).

2. MeTpAoTe dIAQOPES ac TACEIG TTOU UTTAPXOUV OTO EPYQOTHPIO 1] dIGQo-
PEG TAOEIG TNG YEVVATPIAS OKOUCTIKWY CUXVOTATWYV (0 TTAAROYPA@og va
gival otn B€on ac).

3. MeTpAoTE dIAPOPEG TUXVOTNTEG TNG YEVVATPIAG X.X.

4., ZuvdeouoAoynoTe To KUKAwMa Tou 2X.E2.7 ye R = 10 KQ kai C = 10nF.

5. ZTnV €i0000 TOU KUKAWPATOG OUVOETHOAOYOTE yevVTPIO X.XZ. KAl TPO-
(@OOOTNOTE TO PE NUITOVIKO ONpa TTAATOUG v, =5 V p-p.

6. AlatnpwvTag 1o cAPa autd oTaBepd ae OAn Tn BIGPKEIA TWV PETPAOEWV
METARAAETE TN CUXVOTNTA £100D0U, PEXPIG OTOU TO Orpa €6dOU Yivel ioo
pe 0.707 Tou 0fuaTog €10000U. ZNUEIWOTE T ouxXvoTNTa AUTH (CUXVO-
TNTA WIOAS 10XU0G)

f1=...Hz

7. MeTaBAAETE TN OUXVOTNTA €I00DOU, BIATNPWVTAG TNV TAoN 10600V OTO-
Bepn Kal GUPTTANPWOTE TOV TTAPAKATW TTIVOKA.
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10.

11.
12.

. 270 id10 nuIAoyapIBuIKG XapTi oXedIAOTE TNV KAUTTUAN aTTOKPIONG O€

dB, 3nA.

A(f)=20log (é)dB

Kal TNV KOUTTUAN @daong @ (f).

ATIO TIG KAUTTUAEG QUTEG BpEiTe TN ouxvotnTa f., KABWG KaI TN QAcn
oTn ouxvOoTNTA QUTH.

YTroAoyioTe kal oXedIdoTe BewpnTIKA TNV KAUTTUAN aTTOKPIONG KAl TNV
KAMUTTUAN @dong Kal oXedIAoTe TEG OTO id10 NWI-AOY XOPTi TWV TTEIPAUA-
TIKWV UETPNOEWV.

YTtroloyioTe BewpnTIKA TN OUXVOTNTA ATTOKOTTAG.

MpayTe Ta CUPTTEPAOUATA OOG.

v,=5Vp-p

f(KHz) | V/V, @
0.1
0.3
0.5
0.7
1.0
1.4
15
16
1.7
2.0
5.0
7.0
10.0
16.0
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Aoknon 3n

ENIZXYTHZ CE
E3.1 Zkomég

a) Na peAeTnBei n emmidpacn Tou TTUKVWTH aUleuéng oTNV KAUTTUAN atToKpI-
OnNG TOU eVIOYUTH.

B) Na peAetnBei n emidpaon TnG evoxwpenTIKOTNTAG TNG £TTOPEVNG BaBui-
4G 0TNV KANTTUAN ATTOKPIONG TOU EVIOXUTH.

B) Na peAeTnBei n emidpacn TOU TTUKVWTH EKTTOPTIOU GTNV KAWTIUAN QTro-
KpIoNG TOU EVIOXUTH.

E3.2 Yuokeuég

1. Breadboard

2. Tevvntpia X.X.

3. MNaApoypdeog dITTARG dETUNG.

E3.3 OswpnTikd YTéRabpo

To Zx.E3.1 d¢eixvel évav gvioxutr TpavdioTop uiag Babuidag CE.

* O+VCC

10K=Rc
C,
Ri= 22K e

O
! I F
o—F— 2N2222
1 uF TUo

§1,2 K Cs==12nF

2x.E3.1. Evioxurn¢ CE uiac Babuidag.

H KapTTruAn ammékpiong Tou €VIOXUTH auTou JIOKPIVETAI O€ TPEIG TTEPIOXEG.
Tn pé€on TTEPIOXN OUXVOTATWY, TWV XANNAWY CUXVOTATWY KAl TWV UWnAwv
ouxvomtwv. H gvioxuon f n amohaBr) Taong A, aTn yEan TepIoxr| Kado-
PiCeTal POVO ATTO TIG WHIKEG AVTIOTAOEIG TOU KUKAWWPATOG Kal diveTal atrd
™ oxéon:
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h R
A, =—2=-I=t (A3.1)

©

otou,
V. ka1 V, gival Ta TTAGTN TOU OTUATOG TAONG TNV €i0080 Kal TNV €000
avTioToIXO KAal,
R R
R =_— ¢ i A3.2
RAR (A3.2)
2NV TePIoXN XauNAWY ouxvoTTwy n gvioxuon A, divetal amod Tn oxéon:

0

A
A=
1-jh (A3.3)

—~

otTou,

1

I nR.+RIC,

(A3.3)

gival n xaunAn ouxvornTa amoKoTTHS 1 WICHS 10XUOG.
21NV TEPIOXN UYPNAWY CUXVOTATWV N gvioxuon A, diveTal atro Tn oxEon:

A
A, = 1o
141 (A3.4)
iy
otTou,
fy= — (E3.5)
? 2mR.C, '

gival n uwnAn auxvornta amokorng N piong 1ox0og. O Tukvwg C_ givai n
EVOOXWPENTIKOTATA TNG £TTOPEVNG BABUIdAG padi PE TIG KOTAVEUNUEVES XW-
PNTIKOTNTEG TNG KAAWDIWONG.

Emidpaon rou TUKVWTH EKTTOUTTOU

H avriotaon X, Tou Trapouaidadel o TTukvwtrg C. TTPETTEl va gival TTOAU
MIKPOTEPN QTTO TNV TIPN TNG avTioTaong R, otn xaunAotepn auxvotnta
TTou B€AoupEe va evioxUel 0 evIOXUTNG pag. Mia KaAn trapadoxn eival n
X =R 710.
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O utroAoyioudg Tou TukvwTr C yivetal amrd Tn oxeon:

hye +1

Ce = T B (E3.6)

omou R; = R, /1 R,.

H iy Tou TTUKVWTH autou €mOPA OTn XOUNAr ouxvoTnTa ATTOKOTTAG

TOU EVIOXUTH.

E3.4 EKTEAEZH THZ AZKHZHZ

1.
2.

ZuvdeapoAoynoTe TO KUKAwa Tou Zx. E3.1. xwpig Tov C_.
BdaATe Tov TTaAPoypd@o otn 6€on dc (o TTaAuoypd@og va gival Babuovo-
HNHEVOQ).

. MeTpnriaTe TIG TTI0 KATW d TACEIG KAl KATAYPAWTE TIG TINEG TOUG:

V=V, V=V, V=V

2uvdéaTe 0TV €i0000 yevvATpia X.Z. ouxvotnTag 1 kHz kai Tiun 1adong
v=50 mV.

. 2XeOIA0TE TIC KUPOTOMOP®YEG €1I0000U Kal €€600U OTO €18IKO XapTi Kal

METPAOTE WE TOV TTAAPOYPA®O TNV TAoN

Vy=...V

. YTToAoyioTE TNV €vioXuan TOU €VIOXUTH TOU BriUaToC 5 XpNOIKOTIOIWVTAG

TOV TUTTO

A =20-Iog[v—°]dB
V.

. MeTaBaAete TN ouyxvoTNTA TNG YEVVATPIAG, SIATNPWVTAG TNV TAON €100-

Oou oTaBepn Kal ion e ekeivn Tou BrApaTtog 4 aploTepd Kal Oegid atmd Tn
ouxvornta 1 kHz péxpig 6tou n téon €€6dou yivel Ta 0.707 TnG PéYIOTNG
TdoNG TOU BAPATOC 5. ZNUEIWOTE TIC CUXVOTNTEG QUTEG:

f,=...Hz, f,=...kHz
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8.

10.
11.
12.

13.

Me 1d0n €106d0u ekeivn Tou BAPOTOC 4, Kal dIaTNPWVTAG TN OTaBEPN,
METARBAAETE TN OuUXVOTNTA TNG YEVVATPIAG KAl CUUTTANPWOTE TOV TTIO
KGTW TTivaka

f(Hz) vo (V) VO/Vi A(dB)
100
300
500
700
1K
3K
5K
10K
30K
50 K
100 K
300 K
1M

. ANGgTe Toug TTUKVWTEG C, kat C, amod 1 pF ag 100 nF kai eTravaiaBa-

TE TO Bra 8.

ZuvdéaTe Tov TTUkvwTr C_ Kal emavaAaBeTe 1o Briya 8.

AtroouvdéaTe Tov TTukvwT C_ Kal eTavaAdBeTe 1o Briga 8.

270 id10 NuI-Aoy XapTi OXedIAOTE KAl TIG KAUTTUAEG ATTOKPIONG TTOU TTH)-
pate ota Briuata 8, 9, 10 kai 11 pe dlaPoPETIKO GUPBOAO yia KABe
OMGda YETPACEWY (TT.X. X, O ® KTA.).

ATIO TIG KOPTTUAEG TTOU XOPA&ATE ONUEILCTE TNV gvioxuon A, Kal Tig
OUXVOTNTEG MIOAG I0XUOG YIa OAEG TIG TTEPITITWOEIG.

E3.5 ZYMIMNEPAZMATA
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Aoknon 4n

AIAOOPIKOZ ENIZXYTHZ ME AIAKPITA XTOIXEIA
E4.1 ¥komég

H peAéTn TNG ouuTTePIPOPAS Tou SIaPOPIKOU EVIOXUTH, WG QVTIOTPOPEQS
Kal w¢ d1a@opIKOC EVIOYXUTAS ME Wia avtioTaon @oépTou. Ettiong, Ba trpoo-
dIOPICTOUV T XAPAKTNPIOTIKA TOU EVIOXUTH Kol Ba ueTpnBei o Adyog atrép-
piyng koivou Tpotrou (CMRR).

E4.2 Yuokeuég

1. TevvATpia X.Z.

2. MeTaBANTA TTNYR ava@opdg.

3. CRO (mraApoypd@og) dITTARG dEoUNG.

4. HAekTpovIKO BoATOueTpo (HB) ) wnoiakd BoAtéustpo (WB).

E4.3 OswpnTikd YTéRadpo

To peydAo TTAEOVEKTNUA TOU Bla@opIKoU evioxuTr], 2X.E4.1, gival OTI n Bep-
MIKA eTTidpacon utroBIBdaletal aioBnTtd oTnv £€£0d0 TOu, €TTEION Ol GAAQYEG
TWV QVTIOTOIXWV TTAPAPETPWY TwWV duo BabBuidwyv Teivouv va aAAnAoggou-
deTepwOOUV.

O evioxutng autdg éxel dUo evioxUOEIG, JIa TToU ovouddeTal evioxuon N
atrohar] Kolvou TpOTrou pe amoAapn Tdong A, n otroia ekdnAwveTal
otav ol duo gioodol gival auvdedepéveg aTo idI0 oAPaA v, = v, = V__, Kal Jia
gvioxuon TTou ovouadeTal Sla@opikn evioxuon A, n otoia ekdnAwveral,
OTav oTIG OUO €100D0UG EQAPPOLETAI DIAPOPETIKO CAMA.

H evioxuon koivou TpotTou atmodeikvUeTal OTI €ival:

Y (E4.1)

(E4.2)
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2x.E4.1. Aiapopikog evioxutic ue BJT ue diakpitd oroixeia.

Ma ™ dlaywyiyéTnTa g £XOUE:

g,=401, (E4.3)
To g, exppaderal pe mA/V n mS kai n R, o€ kQ, 70 pevpa |, o mA.
To u€yeBOoG TTOU PAg ETTITPETTEI VA KABOPICOUME TNV ~TTOI0TNTA” TOU dlaQo-

PIKOU evIoXUTA €ival o Adyog Koivig atmoppiyng CMRR (Common Mode
Rejection Ratio) o otroiog opietal atrd 1n oxéon:

CMRR = 20log

Ay E4.4
A) (E4.4)

cm

ATTodeIKVUETAl, av avTIKaTtaoTrooupe Tig EE. (E4.1) kai (E4.2), 611 n Tapd-
METPOG aUTH gival ion Ye

CMRR = 20log (%)dB (E4.5)

E4.4 EKTEAEZH THZ AZKHZHZ

1. KataokeudoTte o1o Boardboard (BB) Tov evioxutr| Tou 2x.E4.1, xwpig
TOUG TTUKVWTEG 00Ceugng C, kai C, Kal TIg avTIOTACEIG TV BACEWV.
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10.

2uvdEaTe Ty €icodo v, o€ dc Taon +5 V kal Tnv €i0000 v, O€ pia JETORAN-
A Tdon ava@opdg. O evIoXUTAG WE TN JOPPr QUTA AEITOUPYEI TNV KATA-
oTaon “igoppotiag”. H taon §6dou eival HeTagy v, Kal v ,, £T01 WOTE:

Vo = Vo1 " Voo =A1 v, 'szz
omou A, kal A, ivai o1 eVIOXUOEIG TTOU TTPOKUTITOUV OTTd T OHUATA V,
Kal v, QvTioToIXA.

MeTpoTe TIG dc TAOEIg V,, KAl V,, WG TTPOG TN yN.

Metpnote pe CRO TNV 100N PETAGU V), Kal V.. AV T TpAVEIOTOp €ival
akpIBwG id1a, o TTaAuoypdog Ba &¢itel 0 V. Av urrdpyer amokAion
ONUEIWATTE TNV.

PuBpioTe TNV 1d0N Vv, WaTe va yivel idia pe Tnv 1a0n v, (+ 5 V) Kal pe-
TproTe TNV Tdon ue HB 3 WB.

PubBuioTe Tnv 1d0N Vv, péXPIG 6TOU TO ORpa £56dou va yivel 0 V. H di-
QPOPA YETAGU TWV TACEWV V, Kal v, (+ 5 V) gival n apxIki Taon avTi-
ot1aduiong (offset) Tou evioxuth kai ivar guvaptnon TnG d10QopPAg
TNG €vioxuong Kal TNG aywyiuotnTag TWV ETTAQWY BACNG-EKTTOUTTOU
Twv dUO TpavlioTop. ZNUEIWCTE TNV APXIKA TIUR TNS TAoNS avrioTao-
uiong.

IMANoIGoTE £va avappévo KOANTHAPI 0TO éva Tpav{ioTop Kal TTapaTn-
pnoTe 11 auuBaiver oto d1Ia@opIko orua. AIKAIOAOYAOTE TN CUUTTEPIPO-
Pd TOU EVIOXUTH.

2uvdeapoAoynoTe Toug TTukvwTég C, kal C, Kal TIG avTIOTAOEIG TwV
Baoewyv. BpaxukukAwoTe TNV €icodo 2 Pe TN yn. TNV GAAn €icodo
ouVvOEDTE YEVVATPIA NUITOVIKOU OfjpaTog ouxvotntag 1 kHz kai TTAG-
Toug 50 mV. O evIoXUTAG €ival TWpa JUe TN cuvdECUOAOYia “avaoTpo-
@Ng 1dong”. MeTpnaTe TIG TACEIG V,, KAI V, WG TTPOG YN.

KataypawTte 10 OANO €10000U Kal Ta OruaTta ££0d00ou KaBWS Kal Tn
XPOVIKH TOug ox£an (d1agopd eaacng).

BpaxukukAwaTe Tnv R ,, €701 WOTE 0 £VIOXUTAG va Yivel SIOQOPIKOG
atrAng €€6dou. Me Tn pia €icodo BpaxukukAwPévn Kal Je TNV GAAN
dleyelpopevn Pe ofpa €106dou 1 kHz kar TAdTtoug 40 mV, petproTe
TNV €vVioxuon. 2NUeiware v Tiun g d1a@opIkNg evioxuong A,
2uvdEoTE TO ONfjua €10000U Kal OTIG dUO €1I00B0UG TAUTOXPOVA KAl ON-
MEIWCTE TNV TIUN TNS EViOXUONS KoIvou TPOTToU (onuarog) A .
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11.
12.

13.
14.

YTtroAoyioTe T0 Adyo Koiviig amoéppiyng CMRR.

MdapTe HETPROEIS KAl OXEDIACTE GE NUI-AOYOPIBUIKG XOPTi TNV KAPTTU-
AN aTToKpIoNG Tou BIaPOPIKOU EVIOXUTH TNG ouvOeauoAoyiag Tou Br)-
paTtog 7.

2UvOETUOAOYNOTE TO KUKAWHA SI0QOpPIKOU eVIOXUTH Tou 2X.E4.2.
EmavaAdBete Ta BApata 9 £wg 11.

E4.5 ZYMIMNEPAZMATA
0+ V
Ca
\—o
100nF |y,
,=10K
IN4147
27K
0-9V

2x.E4.2. Aiagopiko¢ evioxutnig pe BJT kai yevvnTpia peuuarocg.
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Aoknon 5n

ENIZXYTHZ ME ANTIZTAZH ANAZYZEY=HZ R,

E5.1 Zko1ég

H peAétn tng emmidpaong Tng TIUAG TNG avTioTaong avacudeugng R pe mu-
KVWTA KAl XWPEIC TTUKVWTA 0TNV KAUTTUAN atTOKPIoNG TOU TUTTIKOU EVIOYXUTA
pe R, kai R..

E5.2 Yuokeuég

1. TevvATtpia X.Z.

2. HB A4 WB.

3. MaApoypd@og dITTARS OETUNG.

E5.3 OewpnTiké YToRabpo

ATtrodeikvUeTal, OTI 0 eVIOXUTAG Kolvou ektTouTroU (CE) Xwpig avTtioTaon

avaoUleugng €xel evioxuon A atroAafr) Tdong TTou diveTal atro Tn oxEon:

hf eRC

A = (E5.1)
\% Ri
6TT0U
Ri = RB // hie (E52)
Kl
RB = R1 /1l R2 (E53)

ATTOdEIKVUETAI ETTIONG, OTI VIO TOV EVIOXUTH KOIVOU EKTTOUTTOU PE QVTIOTAON
avaouleugns RE 1oxUouv o1 ox€oelg:

A= Yo DR o R (E5.4)
v, R R

oT1TOoU
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R=h,+(1+h )R.=h R (E5.6)

fe E

E5.4 EKTEAEZH THX AZKHZHX

1. ZuvOeCUOAOYAOTE TOV EVIOXUTH Tou ZX.E5.1.
2. MeTtpAoTe pe Tov TTaApoypdgo oto dc ) ye HB 1 ue WB 1ig didgpopeg dc
TAOEIG TOU EVIOXUTI] KOI KATAYPAWTE TEG.

- . O+12V
Rc=>4,7K
R, =39K C,
c |} o)
C
B
o—|
100 nF
Uo
Uy R, = 15K
— A7 uF/25 V
O O
2x.E5.1. Evioxurng CE pe avrioraon avaculeuéng R..
Ven =V V=V, V=V, Vg, =...V, Vg, =...V

3. Me 10 diakdTITN OTN B£0N 1 KaI PE TO ONA €1I0080U pe TTAATog v, = 1V
p-p (oTaBepry e OAN TN SIGPKEIA TO TTEIPAPATOG) TTAPTE PETPAOEIG KAl
OUMTTANPWOTE TOV TTIO KATW TTiVOKA:

v=1Vp-p
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f(Hz) v, (V) V(V) | V(V) Vi, (V)

30
50
100
300
500
1K
3K
5K
10K
30K
50K
100K
300K
500K
1M
3M
5M
10M
30M

4. Me 10 d1akoTITN BIAdOXIKA Kal OTIG UTTOAOITTEG B£aEIg 2 (V,) KTA, TIdpTE

METPAOEIG KAl CUPTTANPWOTE TOV TTIO TTAVW TTIVOKA.
5. YTroAoyioTe yia KABE ypapur Tou TTivaka (Kol CUPTTANPWOTE TIG ETTITTAE-

ov 0THAEG) TNV gvioxuon oe dB XpnOIPOTIoIWVTAG T OXEON:

ﬂ) dB
V.

A =20log

o1ToU
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6. 2710 id10 NI-Aoy XapTi oxXEDIAOTE KAl TIG TEOTEPIG KAUTTUAEG TOU EVIOYU-
™.

7. ATTO TIC TEOOEPIG AUTEG KAWTTUAEG BPEITE KAl KATAYPAWTE TIG CUXVOTN-
TEG MIONG 1I0XUOG (f,, f,) yIa KABe TrepiTrTwaon.

E5.5 ZYMIMNEPAZMATA
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Aoknon 6n

ENIZXYTHZ 2 BAOMIAQN APNHTIKHZ ANAXYZEY=HX
E6.1 Zko1rég

H peAETN TNG emmidpaong TNG apvnTIKAS avaouleugng oTnv aTTOKPIon OU-
XVvOTNTAG TOU EVIOXUTH, KABWG Kal oTnv avTiotacn €106d0ou Kal €6dou.

E6.2 Zuokeuég

1. HB 4 WB.
2. CRO dI1mTAAg déopung.
3. evvAtpIa X.Z.

E6.3 OewpnTiké YToRabBpo

Ta evepyd oToIxEia Xapaktnpidovral atrd TTapaPETPOUG TTou dev Kabopi-
CovTtal pe akpifela- €TTiong, Ol TTAPAPETPOI QUTEG PETABAAAOVTAI CUVAPTH-
oel TG Beppokpaaiag (h,, Tou TpavdioTtop, g, Tou FET, KTA). ETTopévwg, ol
TTEPICTOTEPOI EVIOXUTEG, Ol OTTOI0I XPNOIUOTTOIoUV Ta OTOoIXEIa auTd de Ba
TTapouacialouv oTabepr| Kal opIouEvn evioxuan. BeATiwon auTig TG Kata-
aTAONG ETTITUYXAVOUNE QV XPNOIUOTIOINCOUUE apvnTIK avacUdeuén.
Avaouleugn éxouue 0 Eva evioXUTA OTOV TPOTTOTTOINCOUME TO OAUA €100-
O0U TOU eVIOXUTH PE TNV TTAPEPROAA £VOG KATAAANAOU SIKTUWPATOG PETAEU
NG €100d0U Kal TnNG 600U Tou.

To 2x.E6.1 d¢eixvel évav evioxuTr dUo Babuidwyv pe apvnTik avacueugn
TdonNg-o€IPAg Kal AuTr) XPNOIKOTTOIEITAI TTEPICTOTEPO GTNV TTPAEN.
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’ ’ O+12V
R
ReS22K 3 Re,>22K
R;=82K 82K
! G &
111 |1
Ve, 1 Ve, 1 ©
! Vg T0uF/25V |y, 10 pF/25 V
o—F———=—2n2222 +——K 2n2222
100 pF/25 V
VE1 VE,
R4 Rs
R, Re 12 K 27K Uo
Uz 12 K 220 Q
CE2§470 Cea—
Req + 100 pF/
220 Ey 25V
100 pF/—l—
© 1T v o
Rf 22K

2x.E6.1. Evioxutng¢ 2 BaBuidwyv ue avaculeuén 1aong-oeipdg.

ATtrodeIkvUETal, OTI N EVIOXUON TOU EVIOXUTH WE avaoUleugn divetal atrd T
oxéon:
A

A, =—1
"= Trp A, (E6.1)

1NV TTePITTwaon autrh o Adyog avaouleuéng eivai

B= R, E6.2

H evioxuon Tou evioxuTtn divetal ammd Tn oxEon:
A, =A xA, (E6.3)
otou A, Kail A, gival ol evioxXUoelg Twv duo BaBuidwv Tou.

H avtioTaon €ic6dou yr' autdv Tov eVIOXUTH diveTal attd Tn oxEon:
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R,=(1+BA)R (E6.4)

otmou R gival n avtiotaon €106d0u Tou EVIOXUTH Xwpig avaoudeugn.
H avtiotaon €¢6dou Tou diveTal atro Tn oxEon:

R
R 0
of 1+ B AV (E65)

otmou R gival n avtioTaon €5080uU TOU EVIOXUTH Xwpig avaougeugn.
ATtrodeikvUovTal Kal Ol €£AG OXETEIC:

- _
f1f_ m/ (E6.6)
fzf = (1 b BAv)fZ (E67)

otou f, kai f, gival o1 GUXVOTNTEG ATTOKOTIAG 1 PICNG 1I0XU0G XWpPig avaou-
geugn.

ATIO TIG TTIO TTAVW E€EICWOEIG TTPOKUTITEI OTI JE TNV avaoUudeutn auTtr €Xou-
ME:

e uTToBIBacuo TG evioxuong i atmoAaBniG.

® qaug¢naon Tng avtiotTaong €10600U TOU EVIOXUTH.

® eAATTWON TNG avTioTaong €£6d0U Tou.

® au&non Tou gUpoug dwvng BIEAEUCNC TOU.

To Zx.E6.2 deixvel TNV KAUTTUAN aTTOKPIONG TOU EVIOXUTH XWPIG KAI JE AVO-
oudeuin.

2X.E6.2. KautruAn arrokpiong Tou evioxuTr Tou 2x.E6.1.
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E6.4 EKTEAEZH THZ AZKHZHZ

1. ZuvdeopoAoynRoTE TOV eVIOXUTH Tou 2X.E6.1 xwpic avaculeuén (dnA.
Xwpig v avriotaon R)).

2. Tpo@odoTioTe ToV evioXuTh pe dc Tdon (+ 12 V).

3. Mg HB (4 WB 1 CRO) ueTpAoTE Kal KaTaypawTe TIG dIAQopeS dC TATEIG
TOU EVIOXUTH, ONA. TIC TACEIC EKTTOUTTOU, BACNG, TUAAEKTN Kal yia TIG dUO

BoBpuideg.
Ve, =..V, V=V, V., =.V

C1

V, = ..V, V=V, V=V

4. Na va YETPACOUYE TNV avTioTaon €1I0000U Kal £600U TOU EVIOXUTH TN
OuyKpivoupe pe pia yvwatn avriotaon Rg. To Zx.E6.3 deixvel Tn Baoikn
doun autou ToU CUCTAUATOG PETPNONG.

Rs

A= - =

O—e
< ©
S

2x.E6.3. Baoikn apxn yia n péTpnon g avrioraons £10060u kai eE600uU.

MNa va YeETPACOUNE TV avTIOTAON €10000U TOU EVIOXUTH OUVOEOUUE O€
oeIpa pia perafAnt Babuovounuévn avrioraon Rg. Apxika n Rg Totro-
Beteital otn B€0n PNdév Kal pubpidoupe To TTAATOG TOU ONUATOG £10000U
TToU va divel onua €£6d6ou KaTtdAAnAou TTAATOUG TO OTTOIO TO KOTAYPA-
(POupE. 2Tn OUVEXEID augavoupe TNV Rq PEXPI TNV TIUN Ry yia Ty oTToia
TO TTAATOG TOU ONPATOG £E6O0U TOU EVIOXUTH YiveTal i00 PE TO MIOO TOU
apyikou. H avtiotaon autn, R, ., €ival ion pe Tnv avriotaon €l06d0u Tou
EVIOYUTN.

To 010 KUKAWMG XPNOIMOTIOIEITAI VIO VA WETPOOUNE TNV avrioTaon
660U Tou evioxuTh. Kataypd@oupe Tnv Tdon ££0d0U PE TO BIAKOTITN
A avoIKTO. ZTn ouvéxela KAgivoupe To dIakOTITN Kai puBifoupe TNV R

S,0’
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MEXPIG OTOU TO TTAGTOG TNG TAoNG €EOOOU Yivel TO MICO Tou apxikou. H
TeAIKA auth TIPA, R o, Tng R, €ival n Tipn g avtioTaong £5650u Tou evi-
oxutr. Mg Baon ta Mo TTavw PETPAOTE Kal KATaypAWwTe TNV avTioTaon
€10000U Kal €E6O0U TOU EVIOXUTH.

R=..0Q R,=..0Q

. 2UvOEOTE OTNV €i0000 TOU eVIOXUTH yevviTpia X.Z. o€ ouxvotnTa 1 kHz

Kol auénoTe 10 oRua €106d0u, PEXPIG OTOU OTnV £€000 va TTAPOUE TO
onpa 600 YIVETaI TTIO EVIOXUMEVO KOl XWPIG TTapauop@waon (va pnv givai
WAAISIOPEVO). ZNUEIWOTE TIG TEAIKEG TACEIG EI00D0U Kal €000V (O€ TIMEG
p-p):

v.=..V, v.=..V

YTtroAoyioTe TNV evioxuon (atmmoAan Tdong) kai kataypdyTe Tnv.

Vo

A =2
Vi

\

ETiong, ekppdoTe Tn o€ dB.

. Me 10 ofua €106d0u oTaBePd PETARAAETE TN CUXVOTNTA TNG YEVVATPI-

ag X.Z Katw kal Tavw amo 1o 1 kHz uéxpig étou n 1d0n €£6dou yivel
0.707A, Kol ONUEIWOTE TIG CUXVOTNTEG AUTEG, dNA.

f,=...Hz, f,=..kHz

. Mg 10 ofjua €106d0u Tou BAPOTOC 5 TTAPTE PETPAOEIS KAl KATAYPAWTE TEG

OTOV TTIO KATW TTIVAKQ.
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f(Hz) v (V) VIV, | Vv, (dB) Vi (V) | v /v, | vV, (dB)

30
50
100
300
500
1K
3K
5K
10K
30K
50K
100K
300K
500K
™
3M
5M
10M
30M

>uvdéoTe TNV avTioTaon avaoculeuéng R, otov evioxuTh. EravaAdBe-

8.
T TO BANA 4 YIO va PETPHCETE TNV AVTIOTOCT €I00S0U TOU EVIOXUTH ME
avacoUgeuén Kal KataypayTe Ta aTToTEAEOUATA OOG.
Rif=....kQ, R0f=....Q
9. BdATe pia 1éon ac otnv €icodo Tou evioxuTh 0Tn ouxvoTtnta Tou 1 kHz

WOTE VO PNV EXETE TTAPAPOPPWHEVO orjua aTnVv £6000 Kal eTTavaAdpa-
TE TO BAPa 6. KataypdyTe TIG CUXVOTNTES MIOHG 10XUOG.

f“, =... Hz, fzf = ....kHz

10. EmavaAdpete 1o Bripa 7 yia ToV eVIOXUTA PE avaoUleugn.
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11. 270810 NUI-AOy XapTi oXEBIAOTE TIG KAUTTUAEG OTTOKPIONG TOU EVIOXUTH
XWPIG Kal Je avaouleuén.

12. A6 116 U0 AUTEC KAUTTUAEG KOTAYPAWTE TA XAPAKTNPIOTIKA TOUG (€Vi-
oxXuaon Kal ouxvoTnTeG MICAS 1I0XU0G).

E6.5 ZYMIMNEPAZMATA
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Aoknon 7n

ANAZTPE®QN ENIZXYTHZ AC ME TE

E7.1 Zko1rég

® H PEAETN TOU AvaoTPEPOVTOC EVIOXUTH Yia SIAQOPES avTIoTATEIC avaoU-
Ceugng R, (R)).

e H pérpnon Tng avriotaong €l0600U TOU EVIOXUTH.

e O mpoodiopIoPdG Tou eUpoug BIEAEUCT|G TOU.

e O uTTOAOYIOPOG TOU EVIOXUTH YIO KABOPIOUEVES TTPOdIAYPOAPEG.

E7.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO.

E7.3 OswpnTikd YTépabpo

To 2x.E7.1 d¢eixvel Tov TE ouvdeopoloynuévo waoTe va dnuioupyei diagopd
@aong (avacTtpor]) MeTagu el06dou Kal e€6dou. H evioxuon Tou avaoTpé-
(POVTOG EVIOXUTN BiveTal ATTO TN OXEON:

+ Vcc

C/100nF

C/100nF

2 3
H—

O—-Vec

2x.E7.1. TE evioxUTAC UE avaaTpoen.
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A =Yo-Re (E7.1)
v, R,
o1TOoU
R3 = R2 // R1 (E72)

O utroAoyioudg Tou TTUKvwTr 0Ugeugng C, yivetal ue Baon tn oxéon:

c-__ t
tonf R, +R,) (E7.3)

otmou f, €ival n o xaunAn ouxvotnta mou BéAoupe va evioxUooupe. H
avtiotaon Ry €ival n avriotaon £56d0u NG yevviTpiag onuatog X.z. O Tu-
KVWTAG 0UCeugng gival amrapaitntog av n yevvATpia X.Z €xel dc ouvioTwaoda.
O mukvwTng C, utropei va xpelagetal, Otav €XoUpE PIKPA oNpaTa €1I0050U
yIO VO atrouakpUvel To orfjua Tou Bopufou €I00d0u Kal N TIWA Tou €ival Je-
pikéG 100¢eg pF (100 pf).

E7.4 EKTEAEZH THZ AZKHZHZ

1. YupPTTANPWOTE TOV TTIO KATW TTIVOKA YIa TOV UTTOAOYIONO TG R3.

R, (kQ) R, (kQ) R, (kQ)
1 1000
10 1000
10 100
10 10

2. ZuvdeopoloynoTteTovevioxutitou 2xX.E7.1, xpnoiyotmoiwvtagC, =10 uF,
R, =10 kQ ka1 Tnv R, = 10 kQ.

3. KpatwvTtag otaBepd 10 TTAATOG TNG TAoNG €10000U TNG yevvhTpIag X.X
v. =1V p-p, ueTaBAAeTE TN GUXVOTNTA €I0GDOU Kal TTAPTE PETPNOEIG Kal
OUNTTANPWOTE TOV TTI0 KATW TTivaKa.
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f(Hz) v, (V) Vv, A (dB)

0.1
0.3
0.5

30
50
100
300
500
1K
3K
5K
10K
30K
50 K
100 K
300 K
500 K
1M

oT1TOoU, v
A =20log—2 dB
Vi
4. ANGgTe Tnv R, = 100 kQ, kai emavaAaBete 1o Brpa 3, divovrag Tdan
atrd TN YevvATPIA, OAAG XWPIG TTAPAUOPPWAON WOTE VA EXETE OTNV €000

TO PEyIoTO duVATO CHA.



46

ANAANOTIKA HAEKTPONIKA

10.

. AN\GETE TOoV TTUKVWTNA C, = 1 PF Kail emavaAdBerte 1o BrApa 3. (ZuvdEaTe
T owaoT R)).

. AN\GgTe Tov TrukvwTn C, =0.1 pF kai emavaAdBerte 1o Brpa 3. (Zuvde-
oTe TN oWoTA R,).

. ANGgTE TNV R,=1000 kQ ka1, agou ouvdEoeTe TN OwaTr R,, eTTavaia-

Bete 1O BAMG 3.

. ANNGgTE TNV R, = 1 KQ, Kai emavaAaBeTe 1o Bripa 3,
. 2UVvOEaTe pia avTioTaon R, o€ oeIpd pe TNV R,, WOTE va €XETE evi-

oxuon 100, kar petaBdaAete TV avtiotacn auth (UETABANTA A KIBWTIO
AVTIOTACEWV) PEXPIG OTOU N TAon €66D0U va yivel Jior) atro 6on apXIKd.
KataypdwTe TNV avtiotaon auth. (BAETTe TTponyoupevn aoknon)

270 id10 nuI-Aoy XapTi, OXedIAOTE OAEG TIC KAWTTUAEG QTTOKPIONG KOTA
ouxvoTNTa Kal BPEiTe TIGC oUXVOTNTEG WIOAG 1I0XUOG Kal To eUpog {wvng
OIEAEUONG O€ KABE TTEPITITWON.

E7.5 ZYMIMNEPAZMATA

In
°

Meiwon

Ortav xpnoipyotroiouue TE, a@ol ocuvdeGUOAOY|OOUHE TO KUKAWHA TOV

TPOPOdOTOUNE ME TIG avaykaieg dc Taoelg (£ 12 V, akpodEKTEG 7 Kal 4).
2uvdéoupe Tn yevvATpla X.Z xwpeig va gival on kail pe éva HB 1 CRO oT1o
dc peTpdpe TIG TAOEIG OTOUG AKPOOEKTEG 7 Kal 4 va doUpE av TTPAyUaTI
"¢pxovtal” ol TTpoBAeTTOUEVES dC TACEIS. [Na va gival CwoTd TTOAWNEVOG
o0 TE Ba mpétrel 0 akpodEéKTNG £€600U (aKPODEKTNG B6) va £xel dc 1don
unoév.

Oa trpéTrel, €miong, o€ KABe TE va ouvOECOUNE OTOUG AKPODEKTEG 7 Kal
4 ka1 0Tn yn pe mukvwTéG 100 nF, yia va ammo@uyoupue 1o 86pufo (B6pu-
Bo a1é 10 BiKTUO KaI TTAPACITIKOUG BopURoug).
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Aoknon 8n

MH ANAZTPE®QN ENIZXYTHZ AC ME TE

E8.1 Zko1ég

® H PEAETN TOU PN AvaOoTPEPOVTOG EVIOXUTH ME DIAPOPES AVTIOTATEIG QVa-
ouleuéng.

e H pétpnon Tng avtiotaong €06d0U TOU EVIOXUTH.

e O mpoadlopIoPOG Tou €UPOoUG Jwvng BIEAEUCNG OUXVOTATWV.

e O uttoAoyIoPOG TNG EViOXUONG TOU EVIOXUTH yia KaBopiouévn evioxuaon.

E8.2 Yuokeuég

1. TevvATtpia X.Z.
2. HB n ¥B.
3. CRO d1mmAig déopung.

E8.3 OswpnTikd YTépabpo

To Zx.E8.1 &¢eixvel Tov TE cuvdeouoloynuéEVo Xwpig va KAVEl avacTpogr)
TOU OuaTog €10080u.

ﬁl R3 3
I
u|  100nF . o
2 4 +
> T— caj—m uF TUo
R
MWV R
1000 K L
C,
|1
11
100 pF
RiS1K
—VecO

2x.E8.1. Mn avacTtpépwv evioXUTAS.
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H evioxuon Tou evioxuTr auTou gival;

<

A= 2=1+ (E8.1)

Iy

e

=

E8.4 EKTEAEZH THZ AZKHZHZ

1.

2uvdeapoAloyroTe To KUKAwpa Tou 2X.E8.1 xwpig Tov C, kai TV R, We
Ta egng atoixeia: C, = 100 nF, R, =10 kQ, R, = 1 kQ, R, = 1000 kQ kai
C, =100 pF.

2UuvdEaTe TNV €i0000 TOU €VIOXUTH YevvATpIa X.Z Kal dWOTE Orua Ta-
ong otn ouxvotnta 100 Hz, woTe va gival 1o PéyioTo duvaTd Xwpis va
gival TTapapopPwuEVO TNV £6080 Kal ONUEIWATE TNV TACN QUTA V. Z€
XINOOTOUETPIKO (Mm) XapTi oxedIAOTE TO Orjpa €1I06d0U Kal £€6O0U.

v=..V

T OIOTTIOTWVETE;

1.

ATIO TN PETPNON TWV TACEWY €I00D0U Kal ££600U TOU BriUaTog 2, UTTOAO-
yioTE TNV €vioxuan Kal eKPPAaacTe TNV o€ dB.

. AlatnpwvTag 10 onua €1066ou oTaBepd KATA TTAATOG, UETARBAAETE TN

ouxvoTNTa TNG YEVVATPIAG £10000U PEXPIC OTOU VA TTAPETE aTNV £€£000
10 0.707 TNG MEYIOTNG TAONG £€EOD0U. ZNUEIWOTE TNV AVTIOTOIXN CUXVO-
TNTQ.

f,=...Hz

Moio eival To eUpog {wvng BIEAEUONG TOU EVIOXUTH; ZNPEIWOTE TO.

BW=..Hz

. AlaTnpwvTag Tnv Tdon €10600U OTABEPN Kal ion JE eKEivn Tou BriPaTog

2, METABAAETE TN CUXVOTNTA TNG YEVVATPIAG KAI TTAPTE PETPMOEIG E TOV
CRO (ouvdedepévog atnyv 6000 TOU EVIOXUTH), WOTE VO CUUTTANPWOETE
TOV TTI0 KATW TTiVOKA.
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© 0 N O

f(Hz) v,(V) Vv A(dB)
0.1

0.3
0.5

10
30
50
100
300
500
1k
3k
5k
10 k
50 k
100 k

. AmroouvdéaTe Tov C, kar aAAagTe Tnv R, oe iR R, = 10 kQ.
. ETravaAdBare To prApa 5.

. Zuvdearte Tov C,=10 pF.

. ETravaAdBare 1o BApa 5.

10.
11.
12.
13.
14.

AMNAagTe Tov C, og Tiufy C,=100 pF.

EtravaAdpaTte 1o Briua 5.

AMNAGgTe Tov C, o€ mipn C,=1000 pF.

EmravaAdparte 10 BAa 5.

2UVOEOTE TO KUKAWMA WE TIG TIMES TOU BAuaTOg 1. ZTNV £€£000 TOU EVI-
oxutr| ouvdéate Tov C,=10 YF oe oeipd pe petaBAntn avriotaon n
KIBwtio avTiotdoewv R . MetaBdAete v TiuR Tng R, PEXPIG OTOU TO
onua e€600u Yivel TO MICO auToU TTOU EiXATE TTPIV GUVOECETE TO POPTIO.
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H yevvATpia va €xel ouyxvotnta 100 Hz kai n evioxuon va givai 100.
15. MeTprioTe KAl ONUEIOTE TNV TTPONYOUNEVN TEAIKA avTioTaon.

R,=..Q

0

16. 210 id10 nuI-Aoy XapPTi, aXEDIAOTE OAEG TIG KAUTTUAEG VIO TIG OTTOIEG TTH)-
PATE YETPNOEIG.
17. Bpeite 10 €0pog BIEAEUONG GUXVOTATWY OE KABE TTEPITITWOT.

E8.5 Zuptrepdopara
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Aoknon 9n

AOPOIZTHZ KAI AQAIPETHZ ME TE

E9.1 Zko1ég

® Na ueAetnBei 0 evioxuTtrig abpolaTrG.

® Na ueAetnBei o evioxuTtrg dlIapopdag f apaipeTng.
E9.2 Yuokeuég

1. HBnW¥Bn CRO.

2. AUo 1Tnyég de Tdong.
E9.3 OewpnTiké YToRabBpo

To Zx.E9.1 deixvel Tov TE ouvdeopoAloynuévo cav a@poioTh dc | ac (e
TTUKVWTEG OTNV €i0000 Tou) e duo €100doug aBpoliong.

Ry

R3=R 1//R2//Rf
2x.E9.1. Evioxurii¢ aBpoiotn¢ dc i ac dUo €1060wv.

ATtrodeikvUeTal, 0TI n £€000G TOU KUKAWMATOG SiveTal atrd Tn oxEon:
= Vl VZ
Vo —-Rf(R—1+R—2) (E9.1)

6TToU TA V,, V,, V, TIAPIOTAVOUV OTIYHICIEG TIHEG TWV QVTIGTOIXWV TACEWV.
Apa, av R, =R, =R, €xoupe:
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R
Vo == (Vi +Vs) (E9.2)
Av R = R éxoupe:

Vo= - (Vi + V) (E9.3)

To (-) onuaivel diagopd @daong 180° ueTagu €100d0u Kal £E6dOU (avaaTpo-
@1} orpaTog).

To 2x.E9.2 deiyvel Tov evioXuTr dia@opdg  apaipérn dc r ac.

ATtrodeikvueTal, 611 n Tadon €€60ou Tou diveTal aTTd TN oxéon:

R>
AW
+12V
Cl Rl 2
U, 0 D ,
6 0
3 4
Co R3 Bl TUO
U20 MW 12V
R4§
Ri=2,2K R»=5,6 K R3=1K R,=4,7K

2x.E9.2. Evioxurn¢ dlapopdg 1 agaipérng dc n ac.

! (E9.2)

(v, -v,) (E9.3)
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Av Rf =R, TTPOKUTITEL:

Vo = (v, - V,) (E9.4)

E9.4 EKTEAEZH THZ AZKHZHZ

1.

10.

11.

12.
13.

14.

KaTtaokeudoTe TO KUKAWMA Tou 2X.E9.1 pe TIg €€AG TIUEG:
R, =4.7 KQ, R,=22kQ, R, =22kQ
. Zuvdéate Taoeig v, = 0.5 Vkaiv, =1 V.

. MetpnoTe Vv T1don €€0dou, cite ue HB cite ue CRO (va gival otn Béon

dc), Kal KaTaypayTe TO ATTOTEAECUA.

v.=..VW.

. YTroAoyioTe BewpnTIKG TNV TACN QUTA KOl CUYKPIVATE TNV JE TN YETPN-

Bcica. AikaioAoyrioTe TUXOV aTTOKAION.

. 2uvdéate otnv v, = 0.5V, v,=-1V.
. MetpnoTe TV 1éon €£0d0U Kal KATaypAWTE TO ATTOTEAECTQ.

v.=..V.

0

. YTroAoyioTe BewpnTIKA TNV TACN QUTA KAl CUYKPIVATE TNV JE TN YETPN-

B¢eioa. AikaloAoynoTe TUXOV ATTOKAION.

. Zuvdéate Taoeigv, =- 0.5V, karv, =1 V.
. MeTpAoTe TNV avTioToixn tacon €£000U Kal KATAypAWTE TO OTTOTEAE-

oua.

v.=..VW.

0

YTmrohoyioTe BewpnTik@ TNV TGoN €60O0U KAl CUYKPIVOTE TNV YE TN JE-
TpNnOcioa. AlkaloAoynaTe TUXOV aTTOKAION.
>uvOeoOAOYNOTE TO KUKAWMGQ Tou 2X.E9.2 ue TIg €€N1G TIMEG

R,=22kQ, R,=56kQ, R,=1kQ, R,=47kQ

2Tnv gicodo ouvdiaTte Tig Taceig v, = 0.5V, kaiv, =1 V.
MeTprioTte TNV Téon €£000U Kal KATAaypPAWTE TO ATTOTEAETUQ.

v.=..V.

YT1roAoyioTe BewpnTIKA TNV TACON QUTA KOl CUYKPIVATE TNV KE TN YETPN-
Beioa.
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15. 2mnv eicodo BaATe Tig Taoeig v, =1V kai v, = 0.5 V.
16. MeTtprioTe Kai KataypdyTe TNV Tdon £€6dou.
Vy=... V.
17. YmroloyioTe BewpnTikd TNV TAon €€600U KAl CUYKPIVATE TNV JE TN ME-
TpnBcioca.
18. YmoloyioTe gvioxuTr dla@opdg Trou va £xel TNV &g £godo: v, = 5 V.
19. Na 1d0¢Ig €1I06dwv v, = v, = 1V. yeTprjate Tnv 1Gon £680u Kal KaTa-
YPAWTE TNV TIUAG TNG.
Vy=... V.
20. YTtoAoyioTte BewpnTik& TNV TAON €600V KAl CUYKPIVATE TNV UE TN JE-
TpnOtica.

E9.5 Zupmrepdopara

Znpeiwon

Av dev £XETE OTO EPYOOTHPIO TIG TTAPATIAVW dC TAOEIG XPNOIMOTTOINOTE IO
pTTaTapia 1.5 V kai yia tnv dAAn 1don xpnolpotroioTe diodo TToAwpévn e
TNV 0pBN Qopd, dnA. Ba cuvdéoeTe pia avTtiotaon R o€ agipd pe pia diodo,
(Ba oag egnynoel o kKaBnynTtN\G oag) TTou divel Taon Trepitrou 0.7 V). MeTpn)-
OTE TNV PE aKpifela.
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Aoknon 10n

OAOKAHPQTHZ

E10.1 Zko1rég
H peAétn TG ohokAfpwong pe diktowua RC kai pe TE.

E10.2 Zuokeuég

1. MevvATpIO TTOAPWY.
2. CRO di1mmAng déopung.

E10.3 OswpnTiké YToRabpo

To 2x.E10.1 (a) deixvel 10 diktuwua RC (@iATpo X.Z) TTou KGvel OAOKAR-
pwon. To d¢ 2x.E10.1 (B) deixvel 10 id10 KUKAwua e TE.

C

1

R R 11

O A, =
! | 1 Y

Vi C U .

T 0 U|T ’(-l- TUO
T L ° © T ®

2x.E10.1. OAokAnpwrn¢ ue diktuwua RC(a) kai ue TE (B).

ATtrodeikvUueTal, 0TI n Tdon e€66ou yia 1o diIKTUWPa RC, divetal atrd Tn oxé-
on: 1
v, = _—I_fvi(t)dt (E10.1)

yia Tov oAokAnpwTA pe TE atro,
1 \2 I
v, =-= | v.(hdt=-—LAt=-—At (E10.2)
° Tf o T C

610U | €ival TO peUua GOPTIONG TOU TTUKVWTI KAl TA V, KAl V, TTAPIOTAVOUV
OTIYMIQIESG TINEG TAOEWY €10000U Kal €0dou avTtiaToixa. Kai

1=RC (E10.3)

gival n orabepd xpOvou TOU KUKAWHATOG.
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Ui
1 -
1 1 1 t
0 1 2 3 2 5
<—tp—>
1k
Ui
2+
1+
1 1 1 1 t
0 1 2 3 4 5

3x.E10.2.

MNa va cupTTEPIPEPETAI TO KUKAWHA 0O OWOTOG OAOKANPWTAG TTPETTEN N OI-
dpkela Tou TTaApoU €10660u, t,va IKAVOTTOIEI TN OUVONKN:

t <<t (E10.4)
TNV TTPALN, OEXOMAOTE WG ETTAPKI oUVORKN TNV 104TNTA:

t = (E10.5)
P10

2710V OAOKANPWTA N TGon €€600uU gival To OAOKARpwa TNG TAONG €106d0U.
H ouvABng TTPaKTIKY OKOTTIUOTNTA TOU YEYOvOTOG auToU Eival, OTI av n &i-
0000¢ €ival TETPaywVIKn Kuparouopern otnv €000 Ba TTAPOUNE TPIYWVIKN,
>2x.E10.2.

E10.4 EKTEAEXZH THZ AZKHZHZ
1. >uvdeopoAoynaTe To KUKAwMa Tou 2X.E10.1(a) e TIg €EAG TIUEG:
R =10kQ, C=047uF

2. Aigyeipete TO KUKAWPA PE YeEVVATPIO TTOAPWY ouxvotntag 1.5 kHz kai
O1dpkelag TTaApou 0.5 ms kai TTAGTOUG 5 V.

3. 210 €I10IKO XapTi (1 o€ XapTi mm) oXedIAOTE TIC KUPATOMOPYPES E1I00O0U
Kal €€600U, TOTTOBETWVTAG TN Mia KATW aTTd TNV AAAN.
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AMNGETe TNV R o¢ 1 KQ kal ettavaAapare 1o Brua 3.

AMNGETe TNV R o¢ 10 kQ kai ettavaAapare 1o Brua 3.

AMNGETe TNV R og 100 kQ kai ettavaAapare 1o Brua 3.

AMNGETe TNV R og 1 MQ kai erravaAaBare 1o Brpa 3.
2uvdeguoAoyroTe To KUKAwua Tou ZX.E10.1 (B) pe TIC €€AC TIUEG:

© No oA

R = 10kQ, C=047puF
9. EmravaAdBare Ta BAuarta 2 kai 3.
10. AN\GETe Tnv avtioTtaon R o€ 1yl R=1 kQ kai eravaAapare 1o Brjpa 3.

11. AMNGETe TV R o€ miu R=100 kQ ka1 etravaAaBare 1o Bripa 3.

E10.5 Zuptrepdopara
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Aoknon 11n

AIAQOPIZTHZ

E11.1 Zkotrég
H peAéTn Tng dlagodpiong pe dikTuwua RC kal pe KUKAwpa ue TE.

E11.2 Zuokeuég

1. TevvATPIO TTOAPWY
2. CRO d1mmAg déopung

E11.3 OswpnTiké YoRabpo

‘Eva diktiwpa RC (@iAtpo Y.2), 2x.E11.1(a), AéyeTal SiapopIicTAG, OTAV
ekTeEAEl dla@opian, dnA. 6tav n £€€0d06¢ Tou eival To BIOPOPIKO TNG TAONG
€100600U Tou, BNA.

v, =13% (E11.1)
dt
R
MWW
C C
o—Ab——o  o——F
! bl o
Ui R Uo Ui —
TUO
O O O O
@ L L @
2x.E11.1. Aiagopiotn¢ pe diktuwua RC (a) kar ue TE (B).
AvrtioToixa, otnv £€£0d0 Tou dlagopIoTA Pe TE, Ba €xoupE:
v, = L9 (E11.2)
dt
oT1ToU,
T=RC (E11.3)

n oTaBePA XPOVOU TOU KUKAWMOTOG.
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MNa va ouptrepipépeTal To BIKTUWHPG 00 0WOTOG dIAPOPIOTAG, TTPETTEI VO
I0XUEI N oUVONKN:

t >> 1 (E11.4)

TNV TTPALEN, dEXOMAOTE WG ETTAPKI oUVORKN TNV 106TNTA,

t =101 (E11.5)

O diagopioThg Ye TE O xpnoldoTrolgiTal ouxva oTnv TTPAgn, meidn o 66-
puPBOog TToU UTTEICAYEI gival JEYAAOG.

H ouviABng TTPaKTIKI) OKOTTIUGTATA TOU BIAQOPIOTH €ival, 0TI av dIEYEIPOUUE
TNV €i0080 TOU UE TPIYWVIKA KUPATOUOP®R, OTnV £€006 TOou Ba TTAPOUE TE-
Tpaywvikn, 2X.E11.2 (a). ETriong, av dieyeipoupe TNV €i00d0 e TETPAYWVI-
K Kupatouop®r, aTnv £€£0d0 Ba TTApouE KUPNATOUOP®N aixuwy, ZX.11.2[3.

Ui Uj
1 1

\ | /.\4 t | t
0 ) 2 3 4 5\ 0 1 2 3
-1+ — -1

Ui Ui
1 1

1 1 1 t \ K t

0 1 2 3 4 5 0 V
-1 -1

(o) (B)

2x.E11.2. Kuuartouoppéc eiaodou Kar €€E660u evos O1apopiaTh).

E11.4 EKTEAEZH THXZ AXKHZHZ
1. YuvdeopoAoynaoTe To KUKAwMa Tou 2X.E11.1 (a) pe TIG €ENG TINEG:

C=4.7nF, R=10kQ
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(631

. AlgyeipeTte 10 dIKTUWMG Tou 2X.E11.1 (a) pe yevvATPIO TTAAUWY OUXVOTN-

Tag 1.5 kHz ka1 didpkelag maApou 0.5 ms.

. 2Xed1a0TE aTO EIBIKO QUAAO XapPTIOU (TNV WIa KATW aTTrd TNV GAAN) Tnv

KUpaTopop@r €10000u Kal £€6dou TTou BAETTeTE Ye Tov CRO.
AMN\GETE TNV avtioTaon R o€ iy R=1 kQ kai eravaAdpare 1o fAua 2.

. ANGETe TV avtioTaon R o€ iyl R=100 kQ kai eravaAdpare 1o rAua 2.
. 2UvdeouoAoyROTE TO KUKAWMa Tou 2X.E11.3.

O+12V
10K l
10 nF
10|0|Q 4,7 nF 5
O 11 NWY = IS
UiT . .
3 4
T (U
I 1
I 10 nF

o0-12V

2x.E11.3. NpakT1ikd kKUKAwua diapdpiong e TE.

. EmavaAdBare Ta BApaTa 2 kai 3.
. AN\GETE Tov TTUKVWTA e TiuA C=0.47 nF kai eTTavaAdpare Ta Auara 2

Kai 3.

. AN\GETE TOoV TTUKVWTH PE TIFR C=470 nF kai eTTavaA&Barte Ta rpara

2 Kai 3.

E11.5 Zuptrepdopara
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Aoknon 12n

2YNTONIZOMENOZ ENIZXYTHZ ME TE
E12.1 Zkomdg

1. O utroAoyioudg evog auvTovi(Ouevou evioXuTh Je TE.
2. H g€aywyn kal 0 GXoAIaouOS TNG KAUTTUANG ATTOKPICAG TOU.
3. O TpocdiopIoPdG Tou UpPoUG wvng DIEAEUCHAG TOu.

E12.2 Yuokeuég

1. HB  WB.
2. CRO di1mmAng déopung.

E12.3 OswpnTikd YréBabpo

O ouvToVvI{OEVOG EVIOXUTAG, TTOU deixvel TO KUKAwpa Tou 2x.E12.1,
€ival eVIOXUTAG TTOU CUVTOVICElI O€ KATTOIO OUYKEKPIMEVN ouxvoTnTa. OTTwg
BAétToupe, atroteAcital atmod évav TE cuvduaopévo pe Eva TTapdAAnAo KU-
KAwpa LC kai TotTroBeTnuévo oTn ypapun avaculeuéng Tou TE.

H ocuxvétnTa ocuvtoviopoU Tou evioxuTh SiveTal atrd Tn oxéon:

fo= L (E12.1)

21vVLC

R,=10 KQ
=10 mH
222%
C
[
1l
10 nF
R, . T_lz v
O— ANWN—e—= 7
UT 1 KQ 6 O
I
5 l4 U
+12 'V

2x.E12.1. Suvrovi{ouevog evioxurng ue TE.
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H evioxuon 1 atroAafr] TAoNg Tou €VIOXUTH OTn OUXVOTNTA GUVTOVIOUOU
divetal atrd TN oxéon:

A = RoIIR,

. - (E12.1)

1
otmou, R, gival n duvauikn avrioraon Tou TTAPAAANAOU KUKAWUATOG WE,

E12.2
RD = Qfmvr ( )

To r gival N wuIKA avTioTaon Tou Trnviou.
TENOG, TO €UPOG BIEAEUONS CUXVOTATWY TOU GUVTOVI{OUEVOU EVIOXUTH TTOU
egeTadoupe Bpioketal atrd Tn oxEon:

fo
Q

6TTOU Qp gival 1o Q Tou TTApAAANAOU CUVTOVIOPEVOU KUKAWPATOG Kal diveTal
atrod TN oxéon:

BW = (E12.3)

o =Re!/Ro 11X,
ST oL (E12.4)

To Q Tou KUKAwPaTOG divetal aTTd Tn oxéon: Q = fo ,TOBW=f —f.

fz'fl

E12.4 EKTEAEZH THZ AZKHZHZ

1. Mpiv ouvdeoPOAOYNOETE TO KUKAWUA PMETPACTE KOl KATAYPAWTE TNV WHI-

KA avTioTaon Tou TTnviou.
r=..Q

2. YTioAoyiaTe 10 KUKAwWa yia evioxuon 10, ye R, = 1 kQ kar C=10 nF kau
f,=16 kHz.

3. ZuvdeapoAoyroTe To KUKAWQ.

4. Na onua €106dou TETOI0 WOTE 0TN ouxvotTnTa 16 kHz otnv €060 va
£€XOUME TO PEYIOTO BUVATO OrUa AAAG XWPIG TTOPANOPPWACT), CNUEIWOTE
TNV TAON €1I0000U KABWG Kal TNV avTioToiXn Tdon ¢6dou.

v.=..V, v=..V

i 0

5. YmoAoyioTe TNV evioxuon oTn ouxvotnTa autr] (kai o€ dB).
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10.
11.

MeTaBdAete TN ocuxvoTNTA YUPW aTrd TN oUuXvoTnTa Twv 16 kKHZ péxpig
6tou n Téon €godou vyivel ion pe To 0.707 TNG TGONG TTOU AVTIOTOIXE]
oTnVv evioxuon Tou BAUATOG 5. ZNPEIWATE TIG CUXVOTNTEG VI TIG OTTOIEG
EMTUYXAVETAI aUTO. (OCNUEICTE TNV QvVTIaTOoIXN €vioxuon Kal o€ dB).

f,=...kHz, f,=..kHz

ATTO TIG TTI0 TTAVW TIYEG UTTOAOYIOTE TO Q TOU KUKAWPATOG Kal To BW.

Q=.. BW=..Hz

YT1roloyioTe Ta TTI0 TTAvw OToIXEIa BEwpPnNTIKA.

2UYKpIivaTe Ta TTPAKTIKA PE Ta BewpnTIKA OTOIXEIQ.

AIKAIOAOYACTE AV UTTAPYXOUV TUXOV DIAPOPEG.

Me onua €106dou autd Tou BrAuaTtog 4, TTAPTE PETPHOEIG KOl CUPTTAN-
PWOTE TOV TTAPAKATW TTIVOKA:

f(kHz) v,(V) VIV A(dB)

a|lWw| =

13
15
17
20
30
50
40
100
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12. ANGgTe TV TipN NG R, og R,=4.7 kQ kai erravaAdBete 1o Brpa 11.

13. 270 id10 NUI-AOY XapTi oXEBIACTE TIG KAPTTUAEG ATTOKPIONG TWV BNUATWY
11 ka1 12.

14. Atté 1a diaypdupaTa autd BPEiTe TN OUXVOTNTA CUVTOVIOUOU, TIG OU-
XVOTNTEG MIOAG I0XU0G, To Q Kal To €Upog diEAeuong Kai yia TiG dU0
OTTOKPIOEIG.

E12.5 Zuptrepdopara
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Aoknon 13n

®IATPO XZ 1ou BAOMOY

E13.1 Zkomég

1. Na utroloyio8gi @QiATpo xaunAwv cuxvotitwy (PXX) 1ou Babuolu pe
gvioyuon.
2. Na xopaxBei eipapatikd kar 0ewpnTiKA N KAPTTUAN aTTOKPIOAG TOU.

E13.2 Zuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E13.3 OewpnTikd YTéBabpo
To Zx.E13.1 deixvel To PXZ 1ou Babuou ue evioxuan (K).

R

2x.E13.1. ®X5 Sallen-Key 1ou Babuou ue evioxuon K.
ATtTodeIkvUETal, OTI N OUVAPTNON METAPOPAS Tou BiveTal aTTd TN OXEON:
K

145 (E13.1)
w

H(s)=%=
1

otou otrou V, kai V gival o1 Taoeig £10080u Kal £60d0U, O€ HIYADIKEG EKPPA-
O€IG KAl S = jw
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ETiong,
K=1+-2 (E13.2)
1
Kal,
w = (E13.3)
RC
n
= (E13.4)
' 2mRC

f, €ival n ouxvornTa ammokorng i ouxvoTNTa WIOAG I0XUOG.

E13.4 EKTEAEZH THZ AZKHZHZ

1. Ymohoyiote ®XZ pe f.=3 kHz, K=5, C=10 nF ka1 R, = 10 kQ.
2. 2uvdeapoloynoTe TO QIATPO, 6TTWG deixvel To 2X.E13.2.

R e
5,6 K
U.T CIlo nF
Ro
39K
Ry = 10K

o+12V

o-12V

2x.E13.2. X3 1ou Babuod, ue f1 =3 kHz kai K=5.

3. ZuvdEaTE YEVVATPIO OTNV €i0000 TOU QIATPOU Kal puBuioTe TO TTAGTOG
NG, WaTe 0Tn cuxvotnTa 100 Hz va €xoupe To PEYIOTO duvaTO, AAAG OXI
TTAPAPOPPWHEVO OrPa €€0O0U. ZNUEIWOTE TIG AVTIOTOIXEG TAOEIG €100-

dou Kkai eE6dou.
v.=..V,
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4. Mg 1d0n €100d0u oT1aBep pe TTAGTOC 1 V p-p, 0 6AN TN SIGPKEID TWV
METPAOEWY, CUUTTANPWOTE TOV TTIO KATW TTiVaKA.

f(Hz) u=f/f, v (V) v IV A(dB) reip | A(dB) 8w

0 i

300
500
700
1K
2K
2.5K
3K
3.5K
5K
7K
10K
20K
25K
30K

5. Xapdgre TNV TTEIPAUATIKA KOGUTTUAN aTTOKPIoNG TOU QIATPOU XPNOIUOTIOI-
wvTag TN oxéon:

A =20log (%) dB (E13.5)

6. Xapa&te TN BewpnTIK KAUTTUAN ATTOKPIONG TOU QIATPOU, GTO idI0 NpiI-
Aoy XapTi, XPNOIUOTTOIWVTAG TOV TUTTO:
K

A =20log
1+u2n

(E13.6)

otTou,

u=< (E13.7)
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K gival n evioxuan Tou @iATpou, f, n ouxvoTNTa ATTOKOTIAG KAl N €ival 0
BaBudg Tou @iAtpou, (n = 1).

7. ATTO TNV TTEIPAUATIKI) KAUTTUAN a1TOKPIONG, PPEITE TN OUXVOTNTA ATTOKO-
TG Kal TNV KAion Tou @iATpou.

8. YTroAoyioTe Tn ouxvOTNTA ATTOKOTTAG Tou QiATpou e Bdon Ta oToIxEia
TOU.

E13.5 Zuptrepdopara
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Aoknon 14n

QIATPO YZ 10u BAOMOY

E14.1 £komég

1. Na utrohoyioBei @iATpo uwnAwv ocuxvoTthTwy (PYZ) 1ou Babuou.

2. Na xapaxBei TreipapaTtikd Kal BewpnTIKA N KAUTTUAN aTTOKPIOHAS TOU.
E14.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E14.3 OswpnTiko YToRabpo
To Zx.E14.1 deixvel To PXZ Sallen-Key 1ou Babuou ue evioxuon K.

R>

R1

2x.E14.1. ®Y5 Salen-Key 1ou Babuou ue evioxuon K.

ATtrodeikvUETal OTI N OUVAPTNON PETAPOPAG TOU diveTal ATTO TN OXEON:

()
H(S)=%= - (E14.1)

OTTOU S= jw Kal W = 21Tf, eV

(E14.2)
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1
- (E14.3)
T2 21RC

f, €ival n ouxvoTnNTa ATTOKOTTIG KOI £XOUUE

R

K=1+-2 (E14.4)

1

E14.4 EKTEAEZH THZ AZKHZHZ

1. Ymohoyiote ®YZ pe f,=300 Hz, K=5, C =100 nF ka1 R, = 10 kQ.
2. ZuvdeouoloynoTe TO QiATpo Tou 2x.E14.2.

+12 'V

2x.E14.2. ®YZ 1ou Babuoy e f, =300 Hz kai K=5.

3. ZuvdéaTe yevvATpla X.Z oTnv €icod0 TOUu @iATpou pe TAON €10660U

v, =1V p-p omn ouxvéTnTa 3 kHz kai ueTpAoTE Kal KataypayTe 1o TTAGTOG
NG TAoNG £€680U TOU.

v=1V Vy=...V
. MeTtaBdAete T ouxvoTNTA TNG YEVVATPIAG, WEXPIG OTOU N TAon ££6d0u
ToU QiATpou yivel ion pe Ta 0.707 Tng TG0NG Tou BrpaTog 3 Kal KATA-
ypAwTe TN ouxvOTNTA QUTH (CUXVOTNTA PICAG I0XU0G 1] GUXVOTNTA ATTO-
KOTTAG TOU QIATPOU)

f,=...Hz
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5. Mg onfua €100dou oTaBepod Kal pe TTAATOG autd Tou BrPaTog 3, HETARA-
AETE TN OUXVOTNTA KAl TTAPTE PETPNOEIG, WOTE VA CUUTTANPWOETE TOV TTIO
KATW TTivaka

f(Hz) u=f/f v (V) v IV A(dB) reip | A(dB) fsw

10
30
50
100
200
250
300
350
500
700
1K
3K
5K
10K

6. Xapdgre TNV TTEIPAPATIKA KAPTTUAN ATTOKPIONG TOU QPIATPOU O€ NuI-Aoy
XOPTi.

7. 2710 id10 dIdypaupa XapdgTe TN BewpnTIKA KAUTTUAN TOU QIATPOU XpNnOi-
MOTTOIWVTAG T OX£0N
K

1+u2n

A =20log dB (E14.5)
oTToU

u=l (E14.6)



72 ANAAOIKA HAEKTPONIKA

K gival n evioxuon Tou @ikTpou Kai f, gival n ouxvotnTa ATTOKOTIAG KAl N
0 BaBuodg Tou @iATpou, (n=1).

8. ATTO TNV TTEIPAUATIKY) KAUTTUAN aTTOKPIONG BPEITE TN CUXVOTNTA ATTOKO-
TG Kal TNV KAion Tou @iATpou.

9. YTmoAoyioTe TN ouxvOTNTA OTTOKOTTN G TOU QIATPOU ATTO TO OTOIXEIQ TOU.

E14.5 Zuptrepdopara
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Aoknon 15n

®XZ 2ou BAOMOY SALLEN-KEY ME ENIZXYZH

E15.1 Zkomég

1. Na utrodoyioBei @XZ Sallen-Key 2ou BaBuou Butterworth, pe evioxuon K.
2. Na xapaxBei TreipapaTikd Kal 0ewpnTIKA N KAUTTUAN aTTOKPIoTH TOU.
E15.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E15.3 OewpnTikd YréBabpo
To Zx.E15.1 deixvel To PXZ Sallen-Key 2ou Babuou ue evioxuon K.

—
[
o

Ry

2x.E15.1. ®X5 Sallen-Key 2ou Babuou ue evioxuon K.

ATTodEIKVUETAI OTI N CUVAPTNON METAPOPAS TOU QiATpou SiveTal aTro TN OXE-
on:

(E15.1)

OTTou a €ival ouvTeAEOTAG TTou diveTal o€ Trivaka (ouvteAeoTwyv Butter-
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worth), 70 s =j w Kal w,= 21f,, éTou f, €ival n ouXvOTNTA ATTOKOTTAG TOU
@iATpOU, ion pE
1

fi= mMRYCC, (E15.2)
TéNog, n evioxuon K divetal atmd Tn ox€on
K=1+ R, (E15.3)

1

E15.5 EKTEAEZH THX AZKHZHX

1. YmoAoyiote ®XZ 2ng 1a€Ng, Butterworth (a=1.414), ue evioxuon 10 kai
ouxvotnta armokotig f, = 500 Hz.
2. ZuvdeopoloynioTe 1O QiATpo Tou 2X.E15.2.

oO+12V

10K 10K
ul o

2x.E15.2. ®X> 20u Babuou Sallen-Key Butterworth, ue f1 =500 Hz, K=10.

3. ZuvdéaTe OTnV €i00d0 Tou QIATpou yevvATpIia X.Z KAl OTn ouxvoTnTa
50 Hz dwaTte onua g1060ou pe TAGTog v, = 1 V p-p. MeTproTe Kal KaTa-
YPAWTE TNV TAON £€£0O0U TOU QiATpOU:

v, =V
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4. Xwpig va aANdgeTe TNV TAON €10660U puUBUioTE TN CuyxvOTNTA WOTE Va
eMTUXETE TAON €€06O0U ion pe 10 0.707 Tng Téong £€6dou Tou PripaTog 3
KOl ONUEIOTE TN OUXVOTNTA QUTH:

f,=Hz

5. AlaTnpwvTtag Tnv Tdon €100d00u Tou Bripartog 3 oTabepn, TTAPTE PETPN-
O€IG KAl CUPTTANPWOTE TOV TTI0 KATW TTIVOKA.

f(Hz) u=f/f, v (V) Vv, A(dB) reip | A(dB) 6sw
10
30
50
70
100
300
400
500
600
700
1K
3K
5K

6. YTToAoyioTe TNV TTEIPOAUATIKY KAPTTUAN TOU QIATPOU KAl CUUTTANPWOTE
TOV TTI0 TTAVW TTIVAKA, XPNOIUOTTIOIWVTAG TN OXEON:

A =20log dB

VO

7. YTroAoyioTe Tn BewpnTIKA KAUTTUAN aTTOKPIONG TOU QIATPOU KAl CUUTTAN-
PWOTE TOV TTIO TTAVW TTIVAKA, XPNOIMOTTOIWVTAG TN OXEON:
K

}1_{_ u2n

O1T0U N €ival 0 BaBudg Tou iATpou (N=2 gival OTNV TTEPITITWON AUTH)

A =20log dB
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Kal

_f

u=—

f,

8. Xapdgte aTo id10 NUI-Aoy XapPTi TIG BUO KAUTTUAEG ATTOKPIONG.
9. AT6 TnV TTEIPANATIKY KAPTTUAN atmmoKpIoNnG PPEITE TN cuXvOTNTA ATTO-
KOTTAG, TNV gvioxuaon Tou QiIATpou, KaBwg Kail Tnv KAion Tou.
10. YTrohoyioTe Tn OUXVOTNTA ATTOKOTTAG KAI TNV £VioXUOT TOU QIATPOU JE
Bdaon Ta OToIXEIO TOU KUKAWHATOG.

E15.6 Zuptrepdopara
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Aoknon 16n

®YZ 2ou BAOMOY SALLEN-KEY ME ENIZXYZH

E16.1 Zko1rég

1. Na utrohoyioBei PYZ Sallen-Key Butterworth, 2ou BaBuou.
2. Na oikodounBei 1o @iATpo auTo.
3. Na mépoupe HETPACEIG KAl va XapaxBei n KauTTUuAN atmokpIoTG TOou.

E16.2 Zuokeuég

1. TevvATtpIia X.Z.
2. NaApoypdeog dITTARG 6€0uNG.

E16.3 OswpnTiké YTéBabpo

To Zx.E16.1 deixvel To ®YZ Sallen-Key 2ou Babuou. AtrodeikvieTal, OTI N
ouvapTnon PETAQopPAg Tou divetal atrd Tn oxéon:

R
WW
C C
o
UiT Ry -+
= TUO
Ry
R3
2x.E16.1. ®Y3 20u Sallen-Key Babuod.
2
y K(S)
w
His)= 2 = — 1%
V. s s (E16.1)
— | +oa[—|+1
(1)2 wZ

OTIoU s = jw Kal w, = 21 f, éTou f, ival N ouxveTNTa ATTOKOTIAG TOU @iA-
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Tpou, T0 K €ival n evioxuon Tou @iATpou. H cuxvéTnTa ATTOKOTTAG KAl N
gvioyxuon divovTal atmd Toug £€1Q¢ TUTTOUG:

1

f =
° 2mC{RR,

(E16.2)

K=1+2a (E16.3)

3

E16.4 EKTEAEZH THX AZKHZHZ

1. Na utrohoyioBei ®YZ Butterworth pe f, = 100 Hz ka1 K=10.
2. YuvdeapohoyroTe T0 QiATpo Tou 2X.E16.2

(f+12 V
R
A,
39K
C C
o |,
100 nF 100 nF _ 6, o
UiT R1<6,8K , 4 T
—_ UO
R,
82 K
=12V
R;<10K

2x.E16.2. ®Y> Sallen-Key 2ou Babuou Butterworth, f2=100 Hz kai K=10.

3. ZuvdéoTe yevvATpia X.Z pe Tdon €100dou 1V p-p, ouxvoTtntag 1 kHz kai
ONMEIWOTE TNV avTioTolXN TAon £¢0d0U.

v. =...V

0

4. MeTaBAAAETE TN cuXVOTATA TNG YEVVATPIOG, dIOTNPWVTAG TNV TAoN €100-
0ou oTaBepr], OTTWG 0TO BAMG 3, PEXPIG OTOU N TACN £€600U Yivel ion e
Ta 0.707 TnG TA0oNG €€600U TOU BAUATOG 3 KOI CNUEIWAOTE TNV AVTIOTOIXN
ouxvoTnTa.
f,=..Hz
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5. Mg Tnv T1G0N TNG YevvATpIag X.Z oTabepn Kal ion PE eKeivn TOU PrPOTOG
3, TTapTE PETPAOEIG KAl CUPTTANPWOTE TOV TTIO KATW TTiVOKA.

f(Hz) u=f /f v (V) Vv, A(dB) meip A(dB) fsw
10
30
50
70
80
90
100
110
120
200
300
500
700
1K

6. YTroAoyioTe TNV TTEIPOUATIKA KOUTTUAN a1TOKPIONG TOU QIATPOU Kal OU-
MTTANPWOTE TOV TTI0 TTAVW TTiVOKA, XPNOIKJOTIOIWVTAG TOV TUTTO

A =20log

Yo) g
Y/

7. YToAoyioTe Tn BewpnTIKr KAUTTUAN ATTOKPIONG KAl CUUTTANPWOTE TOV
o TTAvw TTiVaKd, XPNOIKMOTIoIWVTAG TOV TUTTO

A =20log dB

1+u2n

omou u = f,/ f kai n gival 0 BaBudg Tou YiAtpou (n = 2).

8. X210 idI10 NuI-Aoy XopTi OXEDIAOTE TNV TTEIPAMPATIKI) KOUTTUAN a1TOKPIoNG
Kal Bpeite TN ouyxvOTNTA OTTOKOTTAG KAl TNV £vioxuon Tou QiATpou (atmd
TNV TTEIPAUATIKA KAPTTUAN).
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9. YTroAoyioTe Tn ouXvOTNTA QTTOKOTING TOU QIATPOU Kal TNV €VioXuor Tou
aTTO TQ OTOIXEIQ TOU.

E16.5 Zuptrepdopara
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Aoknon 17n

®IATPO ZTENHZ ZONHZ AIEAEYZHZ

E17.1 Zkomodg

1. Na utrohoyioBei éva @iATpo oTevAg Cwvng diEAeuong (PZA oTeviq).
2. Na AngBouv PETPAOEIS Kal va XapaxBei n TTEIPAPATIKA Kol N BewpnTIKn
KQUTTUAN atTokpiong.

E17.2 Xuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E17.3 OewpnTiké YréBabpo

To Zx.E17.1 deixvel To ®ZA (0TevrG) TTOMATTAWY avaouleuéewy. ATTOdEI-
KvUeTal, OTI N oUVAPTNON WETAPOPAGS ToU diveTal ATTd TN OXEON:

C
|1
1
R2
—AMW—4
Ry c
|1
O_W 1 =
_‘,_O
al % B i
0
O . O

2x.E17.1. ®iArpo otevric {wvng diéAsuong moAdamAwy avaculeUéswv.
K (S)
Q \w,
©1
i + i +1
W, Q \w,

o1ToU, S = jw, Q 0 oUVTEAEOTAG TTOIOTNTAG ) OUVTEAEOTHG pEYEBUvVONG Kal
w, = 21f,, f,, N OUXVOTNTO GUVTOVIGHOU TOU QIATPOU.

VO —
H(S>:7i—‘ (E17.1)
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H ouyxvéTtnta cuvtoviopou Tou @iATpou diveTal atrd Tn oxéon:

°" 2mC\R, R, R, (E17.2)

H evioxuon otn ouxvérnra f; Sivetal atmd n oxéon:

R, (E17.3)
2R,

E17.4 EKTEAEZH EPTAZIAZ

1. YmohoyioTte ®ZA (atevig) pe f,=500 Hz, evioxuon 5 kai Q=10.
2. 2ZuvdeopoloyAoTe TO KUKAWPA Tou 2X.17.2 Kal ouvdEOTE OTNV €i00d0
Tou yevvATpia X.Z kai aTnv £€§006 Tou CRO.

C
|1
1 R,
100 nF I
68 K
C
Ry +12V
W3R
7

6.8 K 100 nF 5 o
u| Rs?so Q |£+ \i‘ o
0
O . o)
L Sazv

2x.E17.2. ®ZA (oteviis), f,=500, Q=10 & K=5.

3. AwaoTe atod Tn YeVVATPIA ONua €10000u oTaBepou TTAdToug 1V p-p. Me-
TARAAETE TN oUXVOTNTA €10080U, PEXPIC OTOU N TAon €E6O0U Yivel peyi-
OTn Kal CNPEIWOTE TNV TACN KAl T ouXvoTnTa AuTH).

v.=..V, f,=..Hz

4. MeTaBAAeTe TN ouXvOTNTO KATW Kal TTAVW OTTé T OUXVOTNTA CUVTOVI-
OMOU PEXPIG OTOU N TAon €€6d0U yivel ion pe Ta 0.707 Tng Tdong e€6dou
TOU BripoTog 3 KAl KATaypAWTE TIG AVTIOTOIXEG OUXVOTNTEG.

f,=... Hz, f,=..Hz
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. Y1roAoyioTe 10 €Upog Quvng dlEAeuong Tou QIATPOU XPNOIKOTTOIWVTAG
TOV TUTTO:
BW=f,-f,

. YTToAoyioTe T0 Q TOU QIATPOU XPNOCIKOTIOIWVTAG TOV TUTTO:
= f_o
BW

. YTToAoyioTe 10 Q a1md TO OTOIXEIQ TOU KUKAWWOTOG XPNOIUOTIOIVTOG
TOV TUTTO:

. AlatnpwvTag TNV Tédon €100d60u oTabepr), BANA 3, TTAPTE PETPAOEIS Kal
OUMTTANPWOTE TOV TTIO KATW TTIVOKA:

f(Hz) u=f/f, v (V) v IV, A(dB) reip | A(dB) Bsw

0 i
10

30

50

100

200

300

400

500

600

800

1K

2K

5K

10K
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10.

11.

12.

. YTToAoyioTe TNV KAUTTUAN atTéKPIoNG TOu QIATPOU KAl CUUTTANPWOTE

TNV QvTioTOIXN OTAAN TOU TTiVOKA XPNOIMOTTOIWVTAG TOV TUTTO:

dB

A =20log Vo

YT1ToAoyioTe Kal CUUTTANPWOTE TNV avTioToixn OTAAN Tou TTivaka Xpnol-
MOTTOIWVTAG TOV TUTTO:
K

Q
/1+ u2n

omou, u = f/ f, kai n o Babudg Tou PiATpou.

270 id10 NUI-Aoy XapTi oXEBIAOTE TNV TTEIPAUATIKY KAl TN BEWENTIKA Ka-
MTTUAN a1TéKPIoNG TOU QIATPOU.

ATIO TNV TTEIPAPATIKA KAUTTUAN aTTéKpIoNG, PPEITE TN OUXVOTNTA CU-
VTOVIOMOU, TIG U0 CUXVOTNTEG MICHG I0XUOG, TNV EVIOXUGN TOU QIATpOU
0Tn ouxvOTNTa CUVTOVIOUOU Kal To Q Tou KuKAwpaToG. ETTiong Bpeite
TIG KAIOEIS TNG KAUTTUANG aTTOKPIoNG ME BACN TO OTOIXEIO TOU KUKAW-
MaTog KaBwg Kal TNV evioxuon Tou. H kAion petpdral o dB/okTépa.
OxkTdBa: dirAaciaopdg ouxvoTnTag.

u

A =20log

E17.5 Zuptrepdopara
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Aoknon 18n

®IATPO ZTENHZ ZONHZ ANOKOMNHZ

E18.1 Zko1ég

1. Na uttoloyi06¢i @iATpo 0TEVAG {Lvng atrokoTnG (PXZA).
2. Na xapax0ei eipapatiké kar 8ewpnTiK& n KAPTTUAN a1mOKPIOAS TOU WG
TTPOG TN OUXVOTNTA.

E18.2 Xuokeuég

1. levvATpia X.Z.
2. CRO dI1mTAng déopung.

E18.3 OswpnTikd YréBabpo

To 2x.E18.1 d¢eixvel éva @iATpo oTeVG (VNG ATTOKOTTAG | QIATPO dovTiou.
ATtrodeikvUETal, OTI N oUVAPTNON METAPOPAS Tou diveTal aTTd TN OXEoN:

C
|1
1
R
— MW
R, C
oy R
UiTO_“ R3 —- O
WW—or + TUo

(S) +1
H<S>:£: COO
i 52+1(S B (E18.1)
wo) Q\w,

oToU, s = jw Kal w, = 21f , f,, N OUXVOTNTA CUVTOVIOUOU TOU QIATPOU Kal
Q 0 ouvTEAEOTAG TTOIGTNTAG.
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H ouxvoTtnta cuvtoviopou divetal atrd Tn oxéon:

PR
L —— RR, (E18.2)
O ouvteAeoTng TToI6TNTAG diveTal atrd TNy e€iowan,
Q=_2 (E18.3)
w,R,C

E18.4 EKTEAEZH THX AZKHZHZ

1. Na utroAoyioBei @iATpo dovTioU TTou Ba KOBel Ta 50 Hz kai Ba £xel Q=10.
2. ZuvOeTUOAOYAOTE TO TTIO KATW QiATPO.

c
|
1 uF Ry
68 K
R, c .
[l > -
VWA 1 [ o2V
ujo—s 1500 1uF B J C—
R3 2 4
’ +
s g
R, <220 K

+12V

Zx.E18.2. ®iArpo dovriou e f,=50 ka1 Q=10.

3. ZTnVv €icodo Tou QiATpou CUVOEDTE YEVVATPIA PE TAON €100dou 1V p-p
o1aBepn Kal oTnv €€000 Tou PiATpou CRO. MetafdAeTe Tn cuxvoTnTa
TNG YEVVATPIAG PEXPIC OTOU OEiTE OTOV TTAANOYPAPO HIa AGXIOTN TAoN
(BUBIOMAQ). ZNUEILOTE T CUXVOTNTA KaI TNV QvTioTOIXN TAON.

f,=...Hz, v.=..mV

4. YT1roloyioTe TNV €vioXuon OTO CUVTOVIOUO XPNOIYOTTIOIWVTAG TOV TUTTO:

A =20log Yo dB
V
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. MetaBaAete T ouxvotnTa €10600U TTAVW Kal KATw atrd Tn ouyxvoetnta
ouvTOVIOPOU, BIOTNPWVTAG TNV TACON oTaBepr, OTTWG 0TO BrAua 3, HEXPIS
oTou n Téon €¢6dou yivel ion pe Ta 0.707 TnG TAoNG Tou Prjuarog 3. Zn-
MEIWOTE TNV TACT QUTA KOl TIG CUXVOTNTES AUTEG:

f1 =.. HZ, f2 =..Hz

. YTroAoyioTe Tn ouxvoTnTa GUVTOVIOUOU PE BACH TA GTOIXEIO TOU KUKAW-
MaTog.
. YTToAoyioTe T0 Q TOU KUKAWMOTOG, XPNOIUOTTOIWVTAG TOV TUTTO:

o

f,- 1,

. Bpeite 10 e0pog diEAeuang ouxvotTwy Tou QiATpou (BW = f, — f. ).

. Mg mnv 1d0on €10660u oTaBepPn Kal ion pe 1V p-p, TAPTE YETPACEIS KAl
OUMPTTANPWOTE TOV TTAPAKATW TTIVOKA:

Q:

f(Hz) v,(V) Vv A(dB)
5
7
10
20
30
40
45
50
55
60
70
100
300
500
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10.

11.
12.

13.

YT1roAoyioTe TNV KAUTTUAN aTTOKPIONG TOU QIATPOU KAl CUPTTANPWOTE
TOV TTI0 TTAVW TTIVAKQ, XPNOIMOTTOIWVTAG TOV TTI0 KATW TUTTO:

A = 20log (ﬁ dB
V.

Xapd&re TNV TTEIPAPATIKA KAPTTUAN aTTOKPIONG TOU QIATPOU.

ATT6 auTr TNV KAUTTUAN Tou QiATpou Bpeite Tn ouxvoTnTa dovTiou, Tov
uTTORIBACPO OTN CUXVOTNTA AUTH, TO EUPOG DIEAEUGNG CUXVOTNTAG KAl
T0 Q TOU iATPOU.

YTtroAoyioTe T0 Q TOU QiATpoU pe BAon TIG TIMEG TOU KUKAWMOTOG.

E18.5 Zupmrepdopara
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Aoknon 19n

TAAANTQTHZ COLPITTS
E19.1 Zko1rég

1. Na utrohoyioBei kal va kataokeuaoTei TaAavTwThg Colpitts.
2. Na peAetnBei n oupTTEPIPOPA TOU DIKTUWMNATOS avaoUleuéng.
3. Na peAetnBei 0 TAAAVTWTAG.

E19.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E19.3 OewpnTikd YTéBabpo

Ma va gekIviioouv ol TOAaVTWOEIG Og Evav TOAAVTWTN, N ammoAaBr] A, Tou
EVIOXUTN TTPETTEI VA Eival APKETH WOTE VA UTTEPVIKA TIG ATTWAEIEG TTOU OQEi-
AovTal 010 BIKTUWMG avaouleuéng. Etriong, To ofjua avaculeuéng o€ pia
OPITHEVN OUXVOTNTA, TTOU OTTOTEAEI TN OUXVOTNTA TAAGVTWONG, TTPETTE Va
gival og @aan Pe To CAPA €I0000U.

To Zx.E19.1 &¢eixvel Tov Tahavtwth Colpitts pe BJT. AmmodeikvieTtal OTI n
ouxvoTtnta TaAdvTwong diveral atrd T oxéon:

Oo+12V

__________

c t o0
IB |/2N2222A !
I n ! :
1 uF '\80107 E | Up
ElJ :_ 'e) :
Re, TU R§ .G
R2 22K 500 Q e ! - Cl+CZ_
[_> E2 5 12
R J_+ ! T 12+120
€£2=120 Q CET47 pF | —0.091=0.1

O RS o O

2x.E.19.1. TaAaviwrn¢ Colpitts ue BJT.
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f =

o= Zic. (E19.1)
oT1ToU,

ECR ] (E19.2)

CO Cl CZ

A, >22 (E19.3)

E19.4 EKTEAEZH THZ AZKHZHX

1. >uvdeopoAoynaTe Tov TaAavTwTh Tou 2X.E19.1.

2. Xwpig va €xeTe BPAXUKUKAWOCEI TOV EKTTOUTTIO PE TO PECO HETALU Twv
U0 TTUKVWTWV (dlakeKopuEVN ypauun), petprioTe ye tov CRO (A ue
HB) kai kataypayTe TIG dC TAOEIS 0TA dIAPOPA CNUEIQ TOU KUKAWUATOG
(BGon, eKTTOUTTO, CUAAEKTN)

V... =..V, Vg, =02V, V.. =..V

3. ZuvdéaTe oTnv €i0000 TOU EVIOXUTA YEVVATPIO X.Z, KOl BWOTE €va TETOIO
ONMa, waoTe oTnV €60d0, 0T CUXVOTNTA CUVTOVIOUOU (TTou gival yupw
oT1a 50 kHz), To orjpa va pnv gival TTapapop@wuévo Kai va EXEl JEYIOTO.
ZNUEIWOTE TN ouXVOTNTA KAl TNV TAon ££6d0u.

f0=...kHz, v.=..V, v=..V

i 0
4. YTroAoyioTe TNV evioxuon TOu EVIOXUTH OTN OUXVOTNTA CUVTOVICUOU,

A = V_O
v Vi
5. AloTnpwvTag 10 oAa £10660u 0TaBepd Kal ico pe 1V p-p TTapTE PETPN-
OEIG KOI CUUTTANPWOTE TOV TTIO KATW TTIVOKA:
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12.
13.

14.

f(KHz) v,(V) VIV A(dB)
5
7
10
20
30
40
45
50
55
70
100
300
500

. 2X€0140TE O€ NUI-AOY XOPTi TNV KAPTTUAN ATTOKPIONG CUXVOTATWY TOU

EVIOXUTH.

. ATT6 TNV KAUTTUAN auTh Bpeite TN OUXVOTNTA GUVTOVIGPOU, TIG GUXVO-

TNTEG MIOTG I0XUOG, TO €UPOG BIEAEUONS KAl TO Q TOU KUKAWMOTOG Kal
KaTaypdayTe TIG.

. BpaxukukAwaoTe Tov TTUKVWTA €106d0ou (1 uF) pe Tn yn.

. BpaxuKukAWOTE TO HECO PETALU TWV OUO TTUKVWTWY HE TOV EKTTOUTTO.
10.
11.

Me Tov CRO (CH1 & CH2) mrapartnprioTe Kal TIC KUMOATOMOPQES TOU.
PupioTe 70 TTOTEVOIONETPO R, WOTE va £XETE £G0DO pE TN MIKPOTEPN
OuvaTh TTAPAPOPPWOTN, Kal OXEBIAOTE TIC AVTIOTOIXEG KUUOTOUOPYPES
OTO €10IKO XapTi.

MeTproTe TN cuyxvoTnTa TAAAVTWONG.

ZuvdéaTe oTnV £€000 (CUAAEKTN-YN) DIGPOPES AVTIOTACEIG KAl PHEAETH-
OTE TNV €MMIdPACN OTN CUXVOTNTA TAAAVTWONG.

Bpeite TNV avTiotaon @opTou (UETABANTA avTioTaon A KIBWTIO avTIOTA-
OEWV), WOTE N Ta0on €£6d0U va yivel n pior ammd 6on gival Xwpig avTi-
otaon. Moia gival N onuaacia TG HETPNONG QUTAG;



92 ANAANOTIKA HAEKTPONIKA

15. MetaBdAete TNV Tdon Tpo@odoaiag (oTnv Treploxn 9-15 V) kal peAeT-
OTE TNV €TiIdOPACN OTOV TOAAVTWTH.

16. [Moiog gival o pdAog Tou ToT. R, Kai Tou C..

17. YTrohoyioTe BewpnTikd Tn cuxvoTnTa TOAdVTWONG.

E19.5 Zuptrepdopara
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Aoknon 201

TAAANTQTHXZ CLAPP
E20.1 Zko1rég

1. O utroAoyiouég Tou TaAavtwth Clapp.
2. H peAétn Tou dIKTUWPATOC avaouleuéng.
3. H peAéTN TNG CUPTTEPIPOPAS TOU TAAQVTWTH.

E20.2 Yuokeuég

1. TevvATPIa CUXVOTATWV.
2. CRO di1mmAng déopung.

E20.3 OswpnTikd YTéBabpo

Tpotrotroinon Tou TaAavTwTr Colpitts KaTd TNV oTToIa VOGS TTUKVWTHG OUV-
OéeTal o€ oeIpd e To TTRVio Kai divel Tov TaAaviwrn Clapp, 6TTwG deiX Vel TO
2x.E20.1. AmrodeikvieTal, 0TI N ouxvotTnTa TAAAVTWONS Tou diveTal aTTd TN
oxéon:

O—\/\F/{\l/\/\—»£ -

| 6 . : o

i — ) l W TUO
! 1

o c]_

fo= m (E20.1)
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oT1ToU,
1 1
—+—+

A
C, C C

(E20.2)

Ol

1 2

MNa va £xel 0 TAAAVTWTAG CUVTNPOUNEVES TOAAVTWOEIC Ba TTPETTEI VA IOXUEL:

A, >1+ % (E20.3)

2

H evioxuon 1} ammoAan) taong A, Tou evioxuTn diveTal améd Tn yvwaoTr oxé-
on:

A =-—2 (E20.4)

E20.4 EKTEAEZH THZ AZKHZHZ

1. Na utrohoyiBei TahavTwThg Clapp o€ TE pe acuyxvétnta cuvToviopou 50
kHz.
2. 2uvdeapoloynoTe TOV TTapakAaTw TaAavTwth Clapp.

R

WA

120K

10K 141 ’ ’ O
4
C1 L<33mH
10 nF
-12V
C, C
100 nF

2x.E20.1. TaAavrwrng¢ Clapp ue TE.

8,6 nF
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. Xwpig va €xeTe ouvdEael TNV €i0000 TOU EVIOXUTH ME TO KATW PEPOG TOU
C, dwate onpa amd 1 yevvntpia oTabepou AaToug 1V p-p.

. MetaBaAete TN ouxvotTnTa TNG YeVVATPIAS (YUpw oTta 50 kHz) péxpig
OTOU N Taon oTnV £€£000 TOU EVIOYUTN Yivel YEyioTn. KataypdwTe TIG avTi-
OTOIXEG TIMEG.

v,=1V, v.=..V, f,=..kHz

. YTToAoyioTE TNV €vioxuon TOU EVIOXUTH.

. MeTtaBdAete TN ouxvoéTNTa TNG YEVVATPIOG (KPOTWVTAG OTaBEP TAON
€10000u 1V p-p) KaTW Kal Tavw amd TN ouxveTnTa cuvToviopou f;
MEXPIG OTOU N TAON €¢OOOU ToU eviOXUTH yivel ion pe Ta 0.707 Tng Tdong
€€OG00U TOU BANOTOG 4. ZNUEIWOTE TIG AVTIOTOIXEG OUXVOTNTEG

f,=...kHz, f,= ... kHz

. Y1roAoyioTe 10 €0pog diEAEUONG Kal TO Q TOU KUKAWUATOG.

. Y1roAoyioTe BewpnTik& TN OUXVOTNTO GUVTOVIOUOU TOU KUKAWUATOG ATTO
Ta gTOIXEIO TOU.

. AloTnpwvTag TNV Td0n €106d0u oTaBepr, 6TTWG 01O BAua 4, TTAPTE e-
TPNOEIG KOl CUPTTANPWOTE TOV TTIO KATW TTiVAKA.

f(KHz) v,(V) Vv A(dB)
5
7
10
20
30
40
45
50
55
70
100
300
500
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10. 2xedidoTe o€ NUI-AOY XaAPTi TNV KAUTTUAN aTTOKPIONG oUuxXvOTNTAG TOU
EVIOXUTN.

11. ATté TNV KaUTTUAN atTékpIiong Bpeite T ouxXvoTnTa GUVTOVIOMOU, TIG
ouXVOTNTEG MICTG I0XU0G, TO EUPOC DIEAEUONG KAl TO Q TOU KUKAWUATOG
Kal KaTaypAayTe Ta.

12. TuvdéaTe TV €i0080 TOU EVIOXUTH PE TO KATW PEPOG Tou C, (N yevvh-
P10 €KTOG). MeTaBAAAeTe TO TTOT. R, péXPIG GTOU 0TV £6000 TTAPETE
NUITOVIKO CAPA JE TN MIKPOTEPN TTAPAHOPPWON.

13. ZxedidoTe TNV Kupatopop®n €€600u oTo €I0IKO XOPTi OTTWG AUTH TTa-
pouaidletal otov CRO.

14. MeTtpnoTe TN ouxvOTNTA TOU CHNOTOG £€000U.

E20.5 Zupmrepdopara
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Aoknon 21n

TAAANTQTHZ HARTLEY
E21.1 Zkomdg

1. Na uttohoyioBei TaAavTwTrg Hartley.
2. Na peAetnBei o TAAAVTWTHG AQUTOC.

E21.2 Yuokeuég

1. TevvAtpia X.2
2. CRO di1mmAng déopung.

E21.3 OewpnTikd YéBabpo

O tahavtwTtig Hartley, pe TE, 2x.E21.1, poidel pe Tov Tahavtwth Colpitts,
uE TN dlagopa o1l xpnaipotrolei dUo Tnvia L, kai L, avTi 300 TTUKVWTWV.
ATtTodeIKvUETaI, OTI N OUXVOTNTA TAAGVTWONG Tou diveTal atrd Tn oxEon:

_ 1

Jz—m (E21.1)

0

otou,
L=L,+L, (E21.2)

Na va gival cuvTnPoUPEVES Ol TAAAVTWOEIG TTPETTEI VA IOXUEI N OXEON:

I‘l
A, 21+ = (E21.2)

2
étTou, A, €ival n evioXuon Tou eVIOXUTH Kol OTNV TIEPITITWON auTA gival:

A= 22 (E21.3)
Rl
20.4 EKTEAEZH THE AZKHEHE

1. Na utroloyioB¢ei TahavTwTrig Hartley pe TE o€ cuyxvétnTa OCUVTOVIOUOU
30 kHz.
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2.

2UvOEeTUOAOYNOTE TO KUKAwUa Tou 2X.E21.1.

R, 0+12V
100 K
R
! 3
1 -~ 7 6
;10K 741 . o)
! 2 4
’ g B
| o
! -12V 1 ,%0,86 mH
i C——27nF

2x.E21.1. TaAavrwrn¢ Hartley ue TE.

. Xwpig va £xeTe oUVOEDEl TNV €iI0000 TOU EVIOXUTH ME TO KATW PEPOG TOU

L2 petagl Twv Tnviwv (avaculeuén), ouvdioTe OTnV €i0000 TOU €vi-
oxuTh yevvATpia X.Z kal oTnv €£0d6 Tou CRO. AwoTe onua atabepou
TTAGTOUG 1V p-p OTNV €i0000 TOU EVIOXUTH KAl HETARAAETE T CUXVOTNTA
NG yevvATpIag (YUpw ota 30 kHz), uéxpig 6Tou va TTApETE PEYIOTN TAoN
€€6dou. KataypdyTe TIG avTIOTOIXEG TIUEG.

v,=1YV, v.=..V, f,=..Hz

0

YTtroAoyioTe TNV evioxuon (atmmoAan Tdong) otn ouxvotnTa AuTh.

. MetaBaAete TN ouxvoTnTa TNG YEVVATPIOG (UE oTaBepn Tdon 1 V p-p)

TTAVW Kal KATW aTTd TN CUXVOTNTA GUVTOVICHOU, BrKa 4, KOl ONUEIWOTE
TIG OUXVOTNTEG AUTEG.

f,=..kHz f,=..kHz

. YTroAoyioTe 10 €0pog (wvng diEAsuong Kai To Q TOU KUKAWATOG.
. YTrohoyioTe BewpnTik& TN GUXVOTNTA GUVTOVIGHOU TOU KUKAWMATOG HE

Bdon Ta oToixeia Tou.
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8. AlatnpwvTag TNV TAon €10000U 0TABEPN, OTTWG OTO Bripa 3, TTAPTE JE-
TPNOEIG KOl CUPTTANPWOTE TOV TTI0 KATW TTiVAKA.

f(KHz) v,(V) vV A(dB)
3
5
7
10
20
25
30
35
50
70
100
200
300

9. 2xedIAOTE O€ NUI-AOY XOPTi TV TTEIPAUATIKI) KAUTTUAN aTTOKPIONG KATA
OUXVOTNTA TOU EVIOXUTH.

10. A6 Tnv KauTTUAN auTh BPEiTe TN ouxvoTNTA CUVTOVIOHOU, TIG OUXVO-
TNTEG MIONG 1I0XU0G, TO UPOG BIEAEUONG KAl TO Q TOU KUKAWHPOTOG Kal
KaTtaypayTe Ta.

11. ZuvdEaoTe TNV £i0080 TOU EVIOXUT HE TO KATW WEPOG TOU L, (HE TN yev-
viTpIa €KTOG). MeTaBdaAeTe 1o TToT. R, HEXPIG OTOU OTNV £60B0 TTAPETE
NUITOVIKO CAPA JE TN MIKPOTEPN duvaTr TTAPAPOPPWOT.

12. ZxedidaoTe 0TO €10IKO XAPTi TNV KUPATOPOP®N 6000V, OTTWG TTAPOUCIA-
Cetan autr) otov CRO.

13. MeTpAOTE TN OUXVOTNTA TOU OAUATOG £E6O0U.

E21.5 Zuptrepdopara
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Aoknon 22n

TAAANTQTHZ WIEN
E22.1 Zko1dg

1. YTrohoyiouog Tou TaAavtwti Wien.

2. MeAétn Tou dikTuwpaTtog Wien.

3. MeAétn Tou ouvduaopou Tou dikTuwpaTtog Wien pe TE yia mn dnuioup-
yia TaAavTwTh.

E22.2 Yuokeuég

1. TevvATpia X.Z.
2. CRO dI1mTAAg déoung.

E22.3 OswpnTikd YTéBabpo

O taAavTtwTAg yépupag Wien gival pia poper Tahaviwtr) RC. To diktowua
RC xpnoiyotrolgital wg SIKTUWPA ETTIAOYAS GUXVOTHATWY. To SIKTUWA UTTO-
BiBalel To onpa e106d0uU oTnVv ££080 Tou KaTd 1/3.

ATTO0EIKVUETAI OTI N CUXVOTNTO CUVTOVIOHUOU TOU SIKTUWMATOG SiveTal atro
TN oxéon:

1
- (E22.1)
Lo 21TRC

MNa va uttdpyel ouvTrpnon TwV TAAAVTWOEWY TTPETTEI N EVIOXUON TOU EVI-
oxuTA va givai:

A z3 (E22.2)
To Zx.E22.1 deixvel Tov TaAavTwT Wien pe TE. To dikTOwua oTn OUXVOTn-
Ta OUVTOVIGHOU dnuioupyei diagopd @daong 0° peTagl 106d0U Kal €60V
Kal ETTOMEVWG 0 TE TTpéTTel va ouvdeaoAoynBei, woTe va unv KAavel ava-
OTPO®YNA TOU GNMATOC (LN avaoTPEPWY EVIOXUTNG). ETTopévwg, n evioxuon
TOU gvIoXUTA BiveTal atTd TN oxéon:

A, =1+-2 (E22.3)
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1 2
O Oy O
Ul A
R>3,3K
+
C==10nF T 12v
&l ™
Y 6
O
2 4
S el [P s
R R
—AVN\—
10K 50 K

2x.E22.1. TaAavrwrn¢ Wien ue TE.

EKTEAEZH THZ AZKHZHZ

1.

YTtroloyioTte TaAaviwT Wien pe TE pe ouyxvétnta taAdviwong 5 kHz.
Mapte C=10 nF kai R, =10 kQ.

2uvdeopoAoynoTe To KUKAWPa Tou 2X. E22.1.

Me 10 d1aKOTITN A 0Tn 60N 1 ouVdEDTE OTNV €iI0000 TOU KUKAWUATOG
yevviTpia X.Z pe 1don €106dou AAToug v, = 3 V kai CRO atnv £50086
TOU (vf).

. MeTaBaAete TN OuXVOTNTA TNG YEVVATPIAG WEXP!I VO BPEITE TN PEYIOTN

Téon €€600U TOU BIKTUWMATOG KAl GNUEIOTE TIG TTAPOKATW TIMEG:

v,=3V, vf=...V, f,=..kHz

. YTroAoyioTe Tov UTTORIBACGHUS TOU BIKTUWPATOG, dNA.

B:V_f:___
Vi

. AlatnpwvTag TNV Tdon €106dou oTabepr Kal ion pe 3 V p-p, TTApTE ME-

TPNOEIG KOl CUPTTANPWOTE TOV TTIO KATW TTiVAKA.
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10.

11.

f(KHz) v,(V) B=V /v, B(dB)
0.5
0.7

4.5
5
5.5
7
10
30
40
50

>xedIA0TE O NUI-AOY XOPTi TNV TTEIPAUATIKY KAUTTUAN OTTOKPIONSG TOU
dIkTuwpatog Wien.

. ATTO TNV KAPTTUAN auTh BPEITE TN CUXVOTNTA CUVTOVIOUOU, TIG OUXVOTN-

TEG MIONG 10XU0G, TO EUPOG BIEAEUONG Kal TO Q TOU KUKAWMATOG.
Bpeite Tov uTTOBIBACUOG TOU DIKTUWMPATOG OTN OUXVOTNTA CUVTOVIOHOU.
YTtroloyioTte BewpnTiké aTTd T OTOIXEIG TOU KUKAWMATOG, T ouxvoTNTA
OUVTOVIGHOU TOoU SIKTUWHATOG.

Me tn yevvATpIa ekTOG, BAATE TO SIOKOTITN A 0T B€on 2. MeTaAAeTe
10 TOT. R, (WOTE OTNV £6000 VA £XETE NUITOVIKO GNUA WE TN MIKPOTEPN
ouvarr TTapaudpPwan. ZXedIAoTe aTo €10IKG XapTi TNV TAon €600V Kal
TNV TG0N €10000uU Tou TE. KatdypayTe TIG TAOEIG QUTEG KAl T OUXVOTN-
T4 TOUG.

E22.5 Zupytrepdopara
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Aoknon 23n

TAAANTQTHZ METAGEZHZ GAZHZ

E23.1 Zko1rdg

1. H peAETn Tou BIKTUWPATOG METABEONS PACNG.
2. H peAétn Tou cuvduacuoU Tou BIKTUWHATOG METABEONS PAONG UE EVI-
oXuTh yia Tn dnuioupyia TAAAVTWTH.

E23.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E23.3 OswpnTikd YTéRadpo

O radavrwrn¢ uerdBeone @Aong XpnolpoTrolei éva dukTuwua Tpiwv RC
TTOU dnuIoupyouv peTaBoAnl edong 180° (60° To kabéva). ETopévwg, yia
VO €XOUME TAAAVTWON O eVIOXUTAG TTpETTel va divel aAAeg 180° diagopd
PAcong, WoTe va Exoupue BeTIKN avaouleuén (360° 1) 0°).

O uttoBIBacu6g Tou SIKTUWPATOS OTN aUXVOTATA TAAAVTWONG ATTODEIKVU-
eTal OTI givat:

B=7=— (E23.1)

n ouxvotnTa Tahaviwong f, diverar atmo T oxéon:

1

fo= 21RC6

(E23.2)

H evioxuon tTou TTPETTEl va €XEI O EVIOYXUTAG YIa va £XOUUE OUVTHPNON Ta-
AQVTWOEWYV TTPETTEN Va gival:

A =29 (E23.3)

v

To Zx.E23.1 d¢eixvel Tov TaAaVTWTA pETABEONG Pdong pe BJT.
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° O+12V
R1§47 K Rc =470
e R Cc
i +11
| 11 O
! c c c R Ty 10 pF
t--o—F—— e BC107
u| 10nF | 10nF | 10nF 100 T
0y BC107 0o
R R R,
10K 10K 12K
Re< ¢, == 100 yF
100 eT H
. . o

2x.E23.1. TaAavrwrh¢ uerdBsong paong ue BJT, yia fO@650 Hz.

H evioxuon Tou evioxuTh divetal atrd TN oxéon:
— hfeRc
h

210 Ta Mo TTévw, To R TTapioTtdvel Tov TapAdAAnAo ocuvduaoud Twv avTioTa-
oswv R, R,, dnA.

A (E23.4)

\

ie

R=R, // R,=10kQ

O evioxutng atroTeAeital atrd Ceuyog Darlington, avrti evog povo BJT, woTe
n avtiotaon €106350U Tou eviIoXUTA va gival TOAU peyaAn. H avriotaon R,
gival JIKpr avTioTaon TTOU PTTAIVEL VIO VO OTOPATA aveTTIOUNNTEG TAAQVTW-
O€IG 0 UWNAN ouxvoTtnTa.

E23.4 EKTEAEZH EPrAzZIAZ

1. ZuvdeopoAoynaTe To KUKAwPa Tou 2X.E23.1, xwpig va ouvdEoETE TNV
€i0000 TOU BIKTUWMATOG PE TO CUAAEKTN TOU TpavioTop.

2. 2uvdéaTe OTnV €i00d0 yevvATpIa TGong 5 V p-p Kai oTnv €060 (v f) CRO.

3. MeTaBAAETE TN CUXVOTNTA TNG YEVVATPIOS WEXPIS OTOU N dlagopd ¢daong
oTtnv £€£0d0 Tou dikTuwpaTog RC va yivel 180°. ZnueiwoTe TRV TA0N QUTA
Kal TNV avTioTolXn ouxvoTnTa:

v.=5YV, v,=...V, f,=...kHz,
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. Y1roAoyioTe 10 Adyo
%
B=—L kai B(dB)=..
Vi
. AlatnpwvTag TNV TGan €10600u 0TaBEPR, OTTWGS OTO BN 2, HETORAAETE

TN OUXVOTNTA TNG YEVVITPIAG KOI TTAPTE YETPHOEIG VIO VO CUPTTANPWOETE
TOV TTIO KATW TTiVaKa:

f(Hz) v(V) B=v/v, B(dB)
10
30
50
70
100
300
500
600
650
700
1K
3K
10K
30K

. ZXe0IA0TE TNV KAUTTUAN aTTOKPIONG CUXVOTNTA TOU BIKTUWMNATOG O€ NI-
Aoy xapri.

. A6 TNV KauTTUAN auTr BPEITE TN CUXVOTNTA GUVTOVIOUOU KAl TOV UTTO-
BIBaocus TOu BIKTUWNOTOG OTN CUXVOTNTA QUTH. ATTO TNV KAPTTUAN auTh
TTWG CUPTTEPAIVOUE TI DIKTUWMO EXOUUE;

. Y1roAoyioTe BewpnTIKA aTtro TIG TINEG TOU KUKAWMATOG TN gUXvOTNTA GU-
VTOVIOUOU.

. Evwote Tnv €i0000 Tou BIKTUWPATOG PE TO OUAEKTN TOu TpavdioTop (N
YEVVATPIO EKTOG).
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10.

11.
12.
13.
14.

MapaTtnpAoTe TNV TACON £€6000U OTOV TTAAPOYPAPO. ZXEDIACTE TNV OTO
€I0IKO XapTi.

MeTprioTe TN ouxvoTNTA TNG.

Eival n kupaTtopop®r| Tapapop@wiévn; Av val yiarTi;

Mwg ptropoUpe va BEATIWOOUNE TNV KUPOTOUOP®NA ££080U;

EAattwoTe atadiaka tnv 1aon V_, woTe POAIG va €XOUPE oUVTAPNGON
TWV TAAQVTWOEWV. 2XEDIACTE TNV KUPATOPOP®PI TNG avTioToiXng Tdong
€¢od0u.

E23.5 Zupymrepdopara
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Aoknon 24n

TAAANTQTHZ ME KPYZTAAAO
E24.1 Zko1rdg

1. Na kataokeuoBei TAAAVTWTAG PE KPUGTAAAO.
2. Na peTpnBoulv Ta XapakTneIoTIKA TNG £€600U TOU.

E24.2 Yuokeuég

1. MevvATpIO OUXVOTATWV
2. CRO di1mmAng déopung.

E24.3 OcwpnTik6 YToRabpo

H o1aBepdTnTa TNG OUXVOTNTAG EVOG TAAQVTWTH) KaBOPIZETAI KUPIWG aTTO TO
Q Tou ouvTovIfouEVoU KUKAwPaTog. Av To Q gival peyadAo T6Te Kal n oTaBe-
pPOTNTa TNG ouxvoTNTag TaAdvTwong Ba eival TTOAU KaAA. O KpuoTaAAIKOI
TAAQVTWTEG XPNOIUOTTOIOUVTAI EUPUTATA EKEI TTOU ATTAITEITAI TTOAU OTABEPN)
ouxvoTNTa TAAAVTWONG.

To 1000Uvapo KUKAwUa €veg KpuaTaAAou xahalia (quartz) eivar ouvdua-
OMOG GUVTOVICOPEVOU KUKAWMATOG GEIPAG Kal TTaPpAAANAOU KUKAWMOTOG.
H mmapdAAnAn cuxvoTnTa cuvToVIGHOU €ival EAAQPWS UWPNAOTEPN ATTO TN
ouxXVOTNTA CUVTOVIOUOU OEIPAG, aANG yIa TIG TTEPIOCCOTEPEG TTEPITITWOEIG
MTTOpEl va BewpnBouv o1 gival idieg. Adyw QuUTAG TN CUPTIEPIPOPAS TOU
KPUGTAAAoU, OnA. Tou OTI guvTovilel, UTTOPEI va XPNOIUOTTOINBEI hE TTOA-
Aoug TpOTTOUG OTO BPOXO avacouUleugng yia va dnPIOUPYNCOUNE TAAQVTW-
o€lg. Me Toug kpuoTdAAoug pttopei va éxoupe Q péxpl 10000 Adyw Twv
MIKPWV E0WTEPIKWV TOUG ATTWAEIWY. OI CUXVOTNTEG CUVTOVICUOU TWV KPU-
oTaAwvV gival atrd 100 kHz £wg pepikég dekadeg MHz.

E24.4 EKTEAEZH THZ AZKHZHZ

1. YuvdeopohoynoTe TO KUKAWMO TOU KPUOTAAAIKOU TOAQVTWTH TOU
>x.E24.1.
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O+12V
R,
10 K
4 —
- 1
_n_o
3 6
2
C==100 nF ’2@ TU
0
R3<8,2 K
R1§47 K
T °
XTAL: 100 kHZ — 1MHz
O0-6V

2x.E24.1. KouoTaAAIKOS TaAaviwrnS Ue TETPAYwVIKOUS TTaAuous e€660ou.

2. MNapartnpnoTe Kal aXedIGoTe OTO €10IKO XAPTi TNV KUPATOMOP®H £€660U

TOU KUKAWMOTOG.
3. MetproTe 10 TTAGTOG Kal TN cUXVOTNTA TNG TAoNG ££6d0U TOU.

v, =V, fo=--kHz

4. MeTtprote 10 XpoOvo avuywong (rise time) kai mrwong (fall time) Tou
TTaApOU.

t=.. t=..

E24.5 Zuptrepdopara
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Aoknon 25n

FENNHTPIA TETPAITQNIKQN NAAMQN ME TO 555
E25.1 £ko1rég

1. Na uttoAoyIoBei yevvhATpIa TETPAYWVIKWY TIOAPWY
2. Na KaToOOKEUQOTEI JIa TETOIO YEVVATPIA.
3. Na petpnBouv Ta XapaKTNPIOTIKA TNG.

E25.2 Yuokeuég
1. CRO di1TAfg 6éoung.

E25.3 OswpnTiké YToRabpo

To 2x.E25.1 d¢ixvel 10 555 ocuvOEOUOAOYNUEVO WG YEVVATPIA TETPAYWVI-
KWV TTaAPwyv, dnA. oav autodieyeipopevog TToAudovnTAg. O TTukvwTig C
@opTideTal péow TWV avTioTdoewv R, Kal R, Kal eKQOPTICETalI HOVO PEOW
¢ R,. Otav o TTukvwTAG QopTigeTal, N £€50d0¢ eival H (high), evw otav ek-
@opricetal givar L (low). H avriotaon R, + R, dnuioupyei 1o xpovo t, evw n
R, 10 Xpovo t, Tou TTaAuou.

O +V cC (+5 V)

8 4
Vee Reset

» Disch. Output &—0O

555

2x.E25.1. [evvnTpia TETPAQYWVIKWY TTAAUWYV LE TO 555.
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O1 e€lowaelg Tou KUKAWMOTOG, €ival:

t,=0.69 (R, +R)C (E25.1)
t,=0.69R,C (E25.2)
Mepiodog:
T=t +t,=0.69 (R, +2R)C (E25.3)
f = 1 =] i E25.4
* T (R,+2R,)C (E25.4)

E25.4 EKTEAEZH THZ AZKHZHZ

1. YTrohoyioTe yeEVVATPIO TETPAYWVIKWY TTOAPWVY Katd 10 ¥X.E25.1, ue
t, = 0.7 ms kai t, = 0.3 ms. Napre C=100 nF.

2. ZuvdeapoloynoTe To KUKAwWa Tou 2x.E.25.1 TTOU UTTOAOYiCQTE TTPON-
YOUMEVWG. ZUVOEDTE OTNV £€£0d0 Tou KUKAWaTog CRO.

3. Mg TO TTOTEVOIOUETPO MNOEVIOPEVO OXEDIAOTE TIG KUNOTOUOPPEG OTNV
£€€000 Kal oTa dkpa Tou TTUKVWTA C.

4. Kartaypayrte Toug Xpévoug t, kai t,.

5. MeTpAOTE TNV TTEPIODO KOl TN GUXVOTNTA TNG KUPMOTOUOP®AS £E6O0U Kal
KATaypdyTe TA OTTOTEAECUATA.

6. MeTprjaTe Toug XpOvoug t Kai t, Tou TTaApoU £¢6dou.

7. YmohoyiaTe, atmd Tig TIHEG TOU KUKAWWATOG, Toug Xpdvoug t, t,, T kai T
ouxvotnTa TOAGVTWONG f, Kal KATaypAYTE TIG TIHEG TOUG.

8. BAATE TO TTOTEVOIOUETPO OTN PEON TTEPITTOU Kal ETTAVAAGRBETE Ta BrPATA
4 kai 5.

9. BAATE TO TTOTEVOIOUETPO OTN WEYIOTN TIUN TOU Kal ETTAVOAGRETE Ta Briua-
Ta 4 Kai 5.

E25.5 Zuptrepdopara
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Aoknon 26n

AIEFEPTHZ SCHMITT ME TO 555
E26.1 Zko1rég

1. H karaokeur evog dieyéptn Schmitt pe 1o 555.
2. H uyeAétn TG TAONG €€6G0U TOU.

E26.2 Yuokeuég

1. TevvATtpIia X.Z.
2. CRO di1mmAng déopung.

E26.3 OswpnTiK6 UTTOR0BpO

To KUkAwpa Tou 2X.E26.1 deixvel To xpovioTr 555 cuvdeopoloynuévo wg
OleyEpTn Schmitt. To KUKAWPG QUTO PHETATPETTEI £V NUITOVIKO CrjUa O€ TTAA-
MO TNnG idlag ouxvoTnTag.

O +V e (+5 V)
Rgloo K 8 4
VCC Reset
§ Thresh. Outputc»e’—o
TUO
: CI Ly 555

Trig. GND
1 10 nF

Rgloo K «»—T

N
(@)
o
3
UA
—

2x.E26.1. Aicyéptng Shmitt ue 1o 5556.

O1 €icodol TwV CUYKPITWY, AKPOJEKTEG 2 Kal 6, cuvdEovTal Jadi Kal TTOAW-
voVTal EGWTEPIKA OTNV Taon V /2 péow duo iowv avtioTdoewv R. ETeidn
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0 ouykpIThg threshold (katw@Aiol), akpodékTng 6, dieyeipeTal oTnv TAON
2V _/3, n ToAwaon 1ou dnuioupyouv ol avTioTacelg R, BpiokeTal ato péco
TWV OUO KATWPAIWV.

Otav 10 KUKAwHa digyepBei atrd NUITOVIKO arjua KAaTAAANAoU UWoug, woTe
va CeTTEPVA TIG OTABUEG TWV KATWOAIWY, EXOUHE OTNV £6000 TETPAYWVIKO
TTaAPo (AOyw aAAayAg katdoTaong Tou flip-flop). Emeidr o1 avriotdosig €i-
vai idieg, OnA. R, 10 555 TToAwveTal auTépaTa yia TACEIC TPOPOdOOiag atrd
5¢éwg 16 V.

E26.4 EKTEAEZH THZ AZKHZHX

1. ZuvdeopoAoynaTe TO KUKAwMA Tou dieyépTtn Schmitt Tou Zx.E26.1.

2. AigyeipeTte TO KUKAWMO PE NITOVIKG orjua TTAAToug 3 V p-p Kal oCuxvoTn-
Tag 5 kHz.

>xedIG0TE OTO €10IKO XAPTi TIG KUPATOHOPPES 10000V Kal £E0B0U.
2NUEIWOTE TIG TAOEIG YIA TIG OTTOiEG AAAGCEI KATAOTAON TO KUKAWWA.
MeTprioTe To UWOG (TTAATOG) Kal TN CUXVOTNTA TOU ORuATog £60d0U.
MeTtpnaTe Toug xpdvoug t kai t.

AANAGETE TNV TAON Tpoodoaiag V  amd 5 og 10 V.

EmravaAdpete Ta BApaTa 3 £WG 6, a@ou dIYEIPETE TO KUKAWMUO PE KATAA-
AnAo Uwog TTaApou kal cuyvoetnta 100 kHz.

e I o

E26.5 Zuptrepdopara
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Aoknon 27n

METATPOINEAZXZ TAZHZ /XYXNOTHTAZ (VCO)
E27.1 Zkomég

H peAéTn TaAavTwTh eAeyxopevou ato taon (VCO).

E27.2 Yuokeuég
1. CRO d1TARg 6é0ung.

E27.3 OswpnTiké YTOoRabpo

To 2x.E27.1 deixvel 1o VCO 566 10 OTT0i0 KOTOOKEUAZETOI OTTO QPKETEG
eTaIPiEG. Aivel TAUTOXPOVA TETPAYWVIKO KAl TPIYWVIKO TTAAUO.

® O+VCC
éR
1nF
|
|

5 Mnyn Ml Aicyéptng Amopovwrig |3
R2§ Ve Schmitt T TETP.TTAAM. G J_I—l—l-
§ ATtropovwTig 4
TPIY.TTOA. O NN

7 1
c—

L

2x.E27.1. TaAaviwrn¢ eAeyxouevog amo raon VCO 566.

ATtroTeAeital atmd pia TRyn otabgpol peuuarog, OUO EVIOXUTES QTTOLO-
vwaong (buffer), (éva yia Tov TETPAYWVIKG KAl £€va YIA TOV TPIYWVIKO TTAAUS)
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Kal éva Olieyéprn Schmitt. H ouxvotnTa €€000U UTTOpEl va HETARAAAETOI O€
duvapiki tepioxn 10:1 amo Tnv 1aon eAéyxou V, TTou e@appodeTal otnv
TNy pevpaTtog. H 1don eAéyxou auth rapéxetal atmd 1o diaipeTn Taong R,
R, R,.
MpooeyyioTikd, N ouxveTNTa WG GUVAPTNAN TNG TAoNG eAEyxou V., TNg
avTtioTaong eAéyxou R kai Tou TTukvwTh C, divetal atmd T oxéon:
— 2(Vcc ) VC>

S e 0 E27.1
fo CRV,. ( )

H oxéon autr 1ox0el Ye TNV TTpoUTTéean OTI:

Ve 2V.20.75V, kai 2kQ<R<20kQ
AnA. n Taon eAéyxou V. dev utropei va eival pikpotepn atmo ta 3/4 (0.75)
V. Kai yeyahuTepn amo V. H 1don V. ptropei va maper Tipég atmo 10 £wg
24 V.
E27.4 EKTEAEZH THZ AZKHZHZ

1. ZuvdeopoAoynoTe TO TTAPAKATW KUKAWWA.

® O +12V
22K < R
R; S 330 5K
b
6 8
1nF
2 oL
5K 5
Rzéi« 566
—O /\/\’
4
R3=8,2K _T_7 -
c T 4,7 nF

2x.E27.2. TaAavrwrn¢ VCO e 1o 566.
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. TorroBetioTe 1O TMOT. 5 KQ TNG R 0¢ T€T010 BN WOTE OTNV €€000 VO
Tapete auyxvotnTa 10 kHz.

. 27O €10IKO XapTi oXeDIAOTE TIG KUMATOUOPPEG £€0O0U (AKPODEKTESG 3
Kai 4).

. MeTpAoTe TNV TTEPIODO Kal TN OUXVOTNTA TNG TETPAYWVIKAS KUPOTOPOP-
QG €¢odou.

. MeTtpriaTe Toug XpOvoug t Kai t, Tou TETpaywvikou TTaAyoU £§0d0u.

. TotroBetrioTe 1O TTOT. R, OTIG dUO aKpaieg BETEIG TOU KAl OXeBIACTE OTO
€I0IKO XaPTi TIG AVTIOTOIXEG KUPMOTOUOPQEG £€6B0U.

. MeTtpnoTe Kal OTIG dUO TTIO TTAVW TTEPITITWOEIG TN CUXVOTATA KAl TNV TTE-
piod0 ToU TETPAYWVIKOU TTAAUOU £E6O0U.

. MeTpnaTe kail aTIg dUO TTIO TTAVW TTEPITITWOEIG TOUG Xpdvoug t Kai t.

. Me ta mmot. R, kai R aTig duo akpaieg BEaeIg TOUG UTTOAOYIOTE TN OUXVO-
TNTA TOAGVTWONG PE BACN TA OTOIXEIQ TOU KUKAWMATOG.

E27.5 Zuptrepdopara
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Aoknon 28n

ENIZXYTHZ IZXYOXZ ME TE KAI BJT
E28.1 Zko1rég

1. H kartaokeun evioxuTh iIoxuog 3 Watt.
2. H peAéTn TOu vioXUTH.

E28.2 Yuokeuég

1. TevvATpia X.Z.
2. CRO dI1mTAAg déopung.
3. HB.

E28.3 OswpnTikd YTéBabpo

O TeAIKOG OKOTTOG TNG evioxuong evog OAMATOGS €ival va TPOQOBOTATEI TNV
TEAIKA BaBuida TToU gival Eva Peyd@wVo Yia Ta CUCTAUATA fXOU.

O1 evioXUTEG 1I0XUOG TagIVOoUoUVTal O€ TPEIG BATIKES KATNYOpPIES, avaAoya PeE
Tov TPOTTO TTOAWGONG Tou TpavlioTop: Evioxutég 1déng A, 16éng B kal taéng
C. MepIKEG QOpPEC, O EVIOYXUTAG OxedIACETAI va AeITOUPYEI O€ KATTOIO £VOIQ-
peon Tagn petagu A kai B, n otroia kail ovopadetal raén AB. To Zx.E28.1 &¢i-
XVEI évav evioxuTr] 1I0XU0g 3 W TTou atroTeAcital attd €vav vioyuTr) TaoNg

O +V e (12 V)
Rlé 18K
270 K
VW
R2§8’2 K AD161I<
Cc
11 2
oI X Il
0,33 uF . >t |‘ R(20-4Q)
+
AD162 +
R e C,==1000 uF
10 Q? CleO uF J ZT W
o . : : : o

la k&Be rpavliorop va xpnoiuorroinbei amraywyéag Bspudrnrag 3x3 cm.

2x.E28.1. Evioxutn¢ ioxUog 3 W.
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ME TOV TEAEOTIKO IC 741 kai duo Tpav{ioTop CUPTTANPWHATIKNAG CUNPETPIOG
oe 1a&n AB. Ta TpavlioTop €€6dou TTPETTEl va TaIpIAdouv (va €xouv dnAadn
TIG iIBIEC XAPAKTNPIOTIKEG) KAl VA £XOUV PEYAAO peUa.

E28.4 EKTEAEZH EPIrAZIAZ

1.
2.
3.

2uvdeouoAoyAOTE TO KUKAWHGO Tou 2x.E28.1.

MeTtprioTe TNV dc TGon oTov akpodEKTN 3 Tou 741 Kal ONPEIWOTE THV.
2Tnv £€€000 TOU €VIOXUTA OTa AKPaQ TNG B€0NG TOU PEYAPUWVOU, CUVOE-
ote CRO.

. 2TnVv idla £€€000 ouvdEaTe Peydewvo 4 Q.
. AlgyeipeTe TNV €icodo pe TA0N ac €il06dou ouxvotntag 1 kHz kai au-

&note 10 MAGTOG PéXPIG OTOoU S¢eite oTov CRO nuITOVIKN pEYIoTN TAON
XWPIG TTapapdpPwaon Kal CNUEIWOTE TV.

. YTTohoyioTe Tnv 10XU OTn ouxvoTNTA AUTH) XPNOIMOTIOIWVTAG TN YVWOTH

oxéon P=V?/R,.

. AigyeipeTe TOV evioxuTn e Taon e100dou TTAAToug v.=0.5 V ouxvdtnTag

1 kHz, petproTe TNV avTioTtoixn TAon KAl CNUEILWOTE TNV.

. MeTaBdAeTe TN ouxvoTNTA TNG YEVVATPIOG TTAVW KAl KATW atrd TN OUu-

XVOTNTA TOU BAMATOG 7 KAl CNPEIWOTE TIG OUXVOTNTES MIOAG 1I0XUOG.

. Bpeite Tn Qwvn &i€Aeuong Tou eVIOXUTH Kal TNV evioxuon Tou o€ dB.
10.

AlgyeipeTe TOV EVIOXUTH PE Onua €100d0u aTabepou TTAaToug v=0.5 V
Kal TTAPTE METPHOEIS VIO VA CUUTTANPWOETE TOV TTIO KATW TTiVAKA.
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f(Hz) v,(V) vV A(dB)

10
30
50
70
100
300
500
700
1K
3K
5K
7K
10K
20K
30K

11. ANAGETE TV avtioTaon 270 kQ kai kavte TRV 120 kQ. ETTavaAdBere 10

Brua 10.
12. 210 id10 NUI-AOY XapTi aXeDIACTE TNV KAPTTUAN ATTOKPICNS TWV BNUATWY
10 kan 11.

E28.5 Zuptrepdopara
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