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TIPONOr0Z IAPYMATOZ EYTENIAQY

O Evyéviog Euyevlédng, o 1épurtris kai xopnyds rou « Ipuuaros Euyevidous, rmo-
Au vwpls mpdBAewe kai oxnudriae Tnv memolBnan 61 n dpTia KATEPTION TWV TEXVI-
KWv pag, o€ ouvéuaous ue tnv eBvikr aywyr, Ba rfrav avayxalog kar amogacioTi-
x6¢ mapdyovrag ¢ mpoddou Tou EBvoug uac.

Tnv memol@narf rouv aurrj o Euyevidng exdrfAwoe ue tn yevvaibgpova rpdén
evepyeolag, va kAnpodorijoer oefaoTé mood yia Tn cuoracn ISpuuarog mou Ba
€lxe agkomé va auuPdAAer ornv Texvikrj exmaldevon twv véwv Tne EAAdSag.

‘Eror To Qefpoudpio Tou 1956 auaTriBnke To « 18pupa Euyevidous, Tou ormolou
™ Siolknon avéAaBe n adeApr rou kupla MapidvBn Zluou, olupwva ue TNV €m-
Buula Tou b1abérn.

Armd To 1956 péxpr orjuepa n aupBoAr rou I8puuarog ornv rexvikri exmaléeu-
an npayuaronoielrar ue didpopes Spaornpidtnres. Ouws am’ autés n onuavrike-
Tepn, mou kplBnke amé Tnv apxrf we mpwrng avdykng, elvar n éxdoon BiBAlwv yia
TOUS LaBnNTéS TWV TEXVIKWV CXOAWV.

Méxpi orjuepa exééBnkav exarovrddes réuor BifAlwv, mou éxouv SiareBel oe
moAAd exarouudpia Tedxn kar kaAdrrouv avdykes SAwv Twv BaBuldwv tng Méong
Texvixric ka1 EmayyeAuarixijc Exmaidedoews tbu Y. Maidelas, twv SyoAdv Tou
Opyaviouou AmacxoArjoews Epyarikod Auvauikou (OAEA) kar twv Anuooiwv
ZxoAwv Eumopikou Nautikod.

Movadixij gpovrida Tou I8pduarog o’ aurrf tnv exdorikrf Tou mpoomdBeia rirav
xai €lvar n moidtnTa Twv BifAlwv, amd drroyn éx1 pévov emarnuoviky, raidaywyixr
kal yAwaoikrf, aAAd kar amé drroyn eugavioews, wote 1o BifAlo va ayarnBel and
ToUG véous.

lNa v emoarnuovikrf kai maidaywyixrf moiétnra twv BiPAlwv Ta kelueva urro-
BdAovrar oe moAAés enefepyaoies xar BeATidvovrar mpiv and kdBe véa éxdoon.

Iialrepn onuacla anédwoe ro ‘Iépupa and tnv apyri ornv moidtnTa Twv BI-
PAlwv amd yAwaoikrj droyn, yiarl moreder 6ti kar Ta texvikd BifAla, drav efvar
ypauuéva o€ yAwooa dpria kar ouoiduoppn alAd kar kardAAnAn yia n ordBun
Twv palnrdyv, umopouv va auupPdilouv arn yAwooikr rarmaidaydiynon twv pan-
TWV.

Eror pe amépaan mov mdpBnke rién ard o 1956 éAa ra BifAla tn¢ BifAioB-
kn¢ rou Texvitn, énAadrf ra BifAla yia Tic Karwrepeg Texvixés ZxoAés, drmwg apyd-
Tepa xai yia Tis ZxoAés tou OAEA, ritav ypauuéva oe yAwooa dnuorixif ue Bdon ™
yoauuarikij Tou TpiavragpuAAldn, evw dAa ra dAAa BifAla rirav ypaupéva otnv
arArj kaBapevouvoa. Zrjuepa akoAouBelrar n dnuotikij yAwooa, éror érwe éxer ka-
GrepwBel armé ro Ymoupyelo Maidelas. H yAwooikij emefepyaaia rwv BifAlwy yive-
rar arré piAoAdyous Tou Iépuuarog kar éror efaopalllerar n eviala ouvraén ka
opoAoyla kdBe xarnyoplac BifAlwv.
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To mepiexduevo Twv BifAlwv, ouugwvo mdvra pe ta avaAutikdG npoypduuara
Twv unmoupyelwv, exouyxpovi{erar o€ kdBe véa éxdoon, pia kar Ta Texvikd BifAla
dev mpémer va un mapakoAouvBouv v e&éAifn.

H moiérnra rou xapriod, To €/dog Twv Tumoypagikwyv oToixelwy, Ta cwoTd oxij-
para kai n kaAalo8nrn oeAidomolnon, To efpuAlo kai To péyeBog Tou BifAlou me-
piAaufdvovrar kai aurd oris gpovrides Tou Idpuuarog.

EMITPONH EKAOZEQN IAPYMATOZ EYTENIAOY

Xpuoboropos @. Kapouvidng AmA. Mnx. - HA. EMN, Enfmipog Aioikntfig O.T.E., Mpbedpos.
MixarjiA I. AyyeAémoudog, Taxkmikdg KaBnynrfic EMIM, 1. Aloikntfic AEH, Avmimpéedpoc.
AAéEavdpog Iraupémoudog, Ka@nyntfig A.B.Z. Meipais.

Oeobboog MNanaBeobooiou, Ap. MnxavoAbyos Mnxavikés, A/vriig Ed. Mpoyp. kar MeAetiv Texv. kai
Emayy. Exm. Yn. Naibelag.

Emotnp. ZopBouhog, T. Polooog, Xnp.-Mnx. EMMN.

Z0pBoulog eni Twv exbboewv Tou I6piparog K. A. Mavagpng KaBnyntiic ®ihocodikfic IxoAfg
MNav/piou ABnviv.

papuarels, A. N. Meyapimg.

Eidikog Emotnuovikés ZopBoudog yia To BiBAio Biopnxaviké HAektpovika - AuTopatiopoi o kab. k.

NixéAaog 1. KpikéAng, ka@nynrig EMIM.

Aiareréoavra péhn fj oGuBoulor Tng Emrpomig
ledpyrog Kaxpidris T (1955 - 1959) KaBnyntiis EMN, Ayyedos KaAoyepds + (1957 - 1970) Kaén-
ynisc EMN, Anurimpios Nidwias (19567 - 1965) KaBnyntfic EMN, MiyariA Zreroiépns (19586 - 1959),
NixdéAaog Baonirng (1960 - 1967), Oeddwpos KoudéAns (1968 - 1976) Mnx.-HA. EMN, Mavayd-
¢ Xar¢mwdvvou (1977 - 1982) Mnx. HA. EMNN, AAéfavdpoc /. Manmde (1955 - 1983) OuéTigog
Ka®nyntfic EMM.
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[TPOAOIOX TOY SYITPAQEA

H epapuoyri nAektpovikdv kukAwpdrwy arnv emAvon Brounxavikwyv moofAn-
pdTwv mou axerilovrar ue Tn BeAtiwon, v emrdxuvon kai Tov éAeyxo diepyadiwv
rapaywyric éxer ioTopla mevijvra nmeplmou erdiv. lpiv ard Tnv egpedpeon Tou Tpav-
{lorop, o Brounxavikés epapuoyés Twv NAEKTpovikWv kdAurrav kuplwg 10 A€i-
roupyla kivnprnplwy punxavawyv, tn Bépuavon kar ouykéAAnon perdAAwv kai Tnv au-
rouaromolnon tng Biounxavikrs diepyaaiag.

Zripepa, pe tn paydala eféAfn Twv odoxkAnpwuévwy kukAwpdTwy, Twv NAEKTPO-
VIKWV UTOAOYIOTWV KaI TWV UIKPOETEEEpYaTTWV, Ta NAEKTPOVIKG €xouv KUPIOAE-
KTIKG KaTakTrioel To xWpo Tns mapaywyris, o€ BaBud mou éva peydAo mooooTs Tou
npocwITiKoU oTa oUyxpova epyoaTdoia arragxoAelrar ue Tnv mpoAnmrikif ouvrripn-
on NAEKTPOVIKWV TUTKEUWVY Kal CUTTHUETWYV.

To pudBnua «Brounyavikd HAektpovixd - Autouariouoly, mou diddokeral oToUS
pabnréc e I réfews Texvikou Aukelou, or omolor akoAouBouv TIS €16IKETNTES
«Eowrtepikuiv HAextpikwv Eykaraordoewvy kar « HAexTpovikwyv Eykaraordoewv
xar Aurouariououy, éxel aTéxo TNV epappoyr Twv yvuoEWY MoV arréKTnoav ol ua-
Onréc aurol ora yevikd paBruara nAekTpovikwyv, mou mponyriénkav oTo medypay-
ud Tous, mévw o€ ouykekpiuéves Biounxavikés Siepyaaleg.

To mapdév A’ Teuxog rou BiBAlou kaAdrrer Tnv UAn Twv Biounxavikwv HAekTpo-
vikiiv. To B’ Teuyxoc kaAdrmrer tnv UAn twv Zuortnudrwyv Aurduarou EAéyxou.

H UAn twv Brounyavikwv HAexkTpovikdv kKaAunreral pe enTd ouvroua kepdAaia
rmou akoAouBouv moTd 1o enfonuo avadutiké npdypauua. H mapouvalaan Tng vAng
yliverar kard Tpdmo mapaorarikd, xwpls SuokoAes pabnuartikés avaAvoers, kar blve-
rar 18ialrepn éugpacn ornv nepiypadrf Twy Baoikdv apxwv Aerroupylas Twv ou-
OKEUWYV Kal CUCTNUATWV.

Ereidry o1 eidixol nAextpovikol dpor éxouv kaBiepwBel SieBviis aTnv ayyAikij,
KkdBe @popd mou xpnaoiuomoieltar €1dikds 6pog akoAouBel o ayyAikés 6pog péoa oe
mapévBevan, evw aro TéAog Tou TeUxoug mepiéxerar ayyAo-eAAnviké yAwoodpio.

Kard tn ouyypagrf tou mapdvrog relyous ouuPouAeuTrikaue moAAous ouvadeéA-
@oUS, IToU TOUS EUXAPIOTOUNE yia Tn ouvelo@opd Tous. Idialtepes euxapioTles
amevBuvope arov kabnyntrj k. N. KpoikéAn yia tn auvepyaola kai Tis urodelfers
Tou. TéAog exppdloue Tic euxapIoTles pag kai aro npoowmkd rou Turjuaros Exé6-
gewv Tou lépuuaroc Euyevibou mou ouvéBalde arnv dpria éxkéoon Tou BifAlou.

0 Zuyypagéacg
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KEQAAAIO MPAQTO

EIZAFQrH KAl ANAZKOMHZH

1.1 Ewcaywyn ota BiopnxavikG nAexkrpovika.

H BepeAiwon Tou Touéa Tng nAekTpovikAg propei va BewpnOei 4TI €yive TO
1888 anéd Ttov Xeptl (Hertz), pe Tnv avak@Auwn Tng HeTadOOewWS Kal TNG HETPN-
Oewg TNG NAeKTpopayvnTiKAg evépyeiag. H emoTAun Tng nAeKTpOVIKAS Kai n mpbo-
60¢ oTa nAekTpovikd KukAwpara akoholOnoav oxeTika ypryopn eéAifn pera amé
Tpia onuavTikd emoTnuovika yeyovoTta. Tnv emvénaon Tng &10dou Auyviag amd Tov
PAépvyk (Fleming) To 1903, Tnv avakdAuyn Tou kpuoTaAAikol ¢wpath and Tov
Nikapvt (Pickard) To 1906 ka1 Tnv edelpeon Tng TpI6dou Auxviag amd Tov Nte Po-
peot (De Forest) To 1907.

H edappoyr Twv NAEKTPOVIKWY KUKAWHATWY OTnV €mAuan Blopnxavikwy mpo-
BAnuaTwv wg npog Tn BeAtiwon kai emTAXuvan Tng mapaywyikng diadikagiag éxel
10Topia meviAvra mepimou eTwy, yvwpioe de peydAn éktaon UoTepa and Tig edeu-
péoeig Tou Tpavliotop To 1948 and Toug Mmnapvtiv (Bardeen) kai Mmpatév
(Brattain) kai Tng P-N emadrig and Tov ZékAeU (Shockley) To 1949. O Biopnxavi-
KEC ePapPHOYEG TWV NAEKTPOVIKWY KUKAWPATWY KAAuTTav wg TOTE Tn AeiToupyia
KivnTnpiwv unxavay, Tn Bépuavaon kai guykOAAnon JeTaAAwyv Kkai TNV auTouaTo-
moinon Tng Biounxavikng diepyaociag.

Zfpepa, pe Tn paydaia eEéMEn Twv oAokAnpwpévwy KUKAWHATWY Kal TwV NAe-
KTPOVIKWYVY UTTOAOYIOTWY, Ta NAEKTPOVIKA EXOUV KUPIOAEKTIKA KATAKTAOE! TO Bioun-
Xavikd Xwpo, woTe éva peyaAo moogooTd Tou TpoowmikoU oTa oUyXpova epyoaTa-
ola va anacgxoAeital pe TNV MPOANTTIKA CuVTAPNON TwV NAEKTPOVIKWY e§apTnuda-
TWY Twv Siapdpwy Pnxavwv.

1.2 Avaokénnon Tng Bewpiag Twv nuIAYwWYWV.

Ta onpavTikdTepa UAIKA yia TNV KAaTAoKeUr] NAEKTPOVIKWY e§apTNUATWY OTIG TE-
Aeutaieg Tpeig SekaeTieg eivar o1 nuiaywyoi. Ta TpaviioTop kai o1 &iodol kara-
okevalovrar ye nuiaywyouc. Ta nAekTpovik@ efaptApara mou katackeudfovral
amé nuiaywyolg ovopdlovral eaptiipara orepeds karaordoewcs (solid state) yia
va diakpivovral and Ta efapripara mou mepiéxouv aépia 1 uypd.

Eivar yvwotéd 6T évag aywyds (conductor) kataokeudlerar and ouaieg mou é-
XOuVv HIKpA NAEKTPIKA avTioraon woTe Ta NAeKTpOVIA va Tig diamepvolv TTpog KaBe
kareUOuvon pe oxeTikf eukoAia. Ta péralAa, yevikd, eival kahoi aywyoi yiari é-
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xouv oANG «eAeuBepay nAextpdvia (free electrons). O povwripac (insulator), av-
TiBeTa amd Tov aywyod, dev emTpémel oTa nAekTpdvia va Tov diamepvoulv apd po-
vo pe pey@An duokoAia. O1 povwThpeg yevikG mapouoidlouv moAd peydAn nhe-
kTpIkf avtioTaon, eneidr) dev mepiéxouv «eAelBepa» nAekTpdvia, Ta omoia, omwg
E€pope, mpodyouv Tnv aywyipdtnTa. Ta nAekTpdvia oToug HOVWTHPES €ival oTaBe-
pa eykAwpBiopéva ora dropa kar Sev éxouv Tn SuvaTdéTNTA PETAKIVI|OEWS,

O1 muaywyoi (semiconductors) amoteAolvralr amé YAeg, n avriotaon Twv
omoiwv oTn por nAekTpoviwv BpiokeTar peTall Tng avTioTACEWS TWV AywYWV Kal
Twv povwThpwy. H petakivnon Twv nAekTpoviwv aToug nuiaywyolg eival duvarn
pe kdamoia duokoAia. MNa TNV KAaTaoKeu Twv NuIaywywy XpnoigomoiodvTal wg Ba-
oikég UAeg yepudvio (germanium),rupirio (silicon) kai a€Arjvio (selenium). O1 UAeg
auTég udioTavral ponyoupévwg katadAAnAn emefepyaaia, waTe va pnv mepiéxouv
§€veg ouaieg kal va eival 6oo To duvard mo apiyeis. ZTo oxnua 1.2a yiveral oly-
Kpiagn TNg NAEKTPIKAG AvVTIOTACEWS TWV NUIAYWYWY, WV aQywywy Kal TwWV HOVWTA-

wv. y
P Avtiotaon 08 Qfcm

Ao
Xaxudg Aywyol
Alouuivio
Nodeupévo YepUdvio
ApLY€Eg YEpuavio Hiaywyol
Aptyeg Tupitio
Maki

Mixa Movwtipeg

MoAvotupTv

Ix. 1.2a.
AvtioTaon koviv aywywyv, NHIGYwywY Kal HovwTHpwY

ZTig apiyeig UAeg amd mupiTio, oeAfvio f yepudavio mpooTiBevral dropa GAAwy
ouaiwv. 01 mpooTIBéueveg ouaieg emAéyovTal €TOl WOTE 0 CUVOUATHOC TOUG HE
TNV mpwTapxiki ouaia va mapéxel mpdoBeTa eAelBepa nAekTpdvia A TiIg cuVORKeg
mou Ba SieukdAuvav Ta Adn undpyovra oTnv apiyr) AN nAekTpdvia va pyeTakivouv-
Tal pe akdéun peyahiutepn eukoAia. H okémun auth mpboBeon §évwv ouoiwv o€
apiyeig nuiaywyolg Aéyetal mpdopifn (doping). “Evag nuiaywyodg, o omoiog petd
and mpoéopign Siabétel mAedvaopa nAextpoviwv, Aéyetal nuiaywyds N-romou. T6
ypdppa N kaBiepwBnke amd Tov ayyAiké 6po Negative (apvnTikd), eme1di autdg o
TOMog nuiaywyoU éxel mAedvaoua nAekTpoviwy mou eival cwpatidia pe apvnTiki
dopTion. AvtiBeTa évag nuiaywyds, o onoiog petd amd pdouisn éxel éAAenyn nie-
KTpoviwv ka1 ouvenwg MAedvaopa BeTikd ioviopévwy Béoewv, mou diaTtiBevral yia
va déxovral yeTakivolpeva nhekTpovia, Aéyetai nuiaywyds P-ramou. To ypauua P
kaBiepwBnke amd Tov ayyAikd 6po Positive (BeTikd), emeldf autdg o TOMOC NUIayw-
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you éxel mAedvaopa BeTika loviopévwy Béoewv, o1 onoieg Aéyovrar kai omés (ho-
les). Zro oxAua 1.2B mapouaiGlovral gupBoAik@ ol 00 TUTIOI NUIAYWYWV.
‘Orav évag nuiaywydg N-timou cuvdeBei pe pia pnarapia V (ox. 1.2y) oe geipa
pe pia avrioraon ¢opriou R Ta nAektpdvia pelyouv amd Tov apvnTiKG akpOSEKTN
Tng unarapiag kal karadpOAavouv oTo Gkpo A Tou nuiaywyou. Ta nAexTpdvia amd Tn
unaTapia eioépxovral oTov nuiaywyd kair avaykafouv Ta mheovagovra nAektpévia
Tou va petaxkivnB8oliv npog To akpo B, Abyw anwoewg petafl opoiwv gpoptiwv. Ta
nAekTpévia aTn guvéxeia eEépxovral and To akpo B Tou nuiaywyou, diamepvolv
™mv uv-riomcfn doptiou R kai emavépyovTal oTo BeTikd akpodékTn TnG prarapiag.
O nuiaywyédg N-timou emopévwe cupnepidépeTal péoa g€ éva KUKAWHA we ayw-
yé¢c. Anhadf, To pelpa Siamepvd Tov nuiaywyd N-TOTTOU pE OXETIKA €UKOAIa.
Z1n ouvéxela eketalope Tn oupmepipopd evog nuiaywyol P-tOmou péoa oe éva
kUkAwpa. ITo oxApa 1.286 Siverar oxnuatikG n por] nAekTpovikol pelpaTog oe
nuiaywyéd P-timou. Ta nAekTpbvia mou ¢pelyouv amd Tov apvnTikd akpodEKTn TNg
unarapiag, eicépyovral aTov nuiaywyod amd 1o dkpo A kair éAkovral and Tig BeTi-
k@ 1oviopéveg onég, pe anoTéAeopa va Tig kataiapBavouv. MNa va diatnpnBei dpwg
n apxikf icoppomia ¢opTiwv oTov nuiaywyd, mou diatapdxOnke amd Tn peiwon
Tou ouvoAikoU apiBuol omwyv, véeg omég dnuioupyouvTal kovTd oTo akpo B kal Ta
nAektpbvia mou umfpxav o' auTtég eiépxovTal amd Tov nuiaywyd, dianepvolv TRV
avrioraon R kai guMéyovtai oTo BeTikd méAo Tng pmarapiag. Auté To davopevo
napéxel TNV eukaipia ota nAekTpbvia mou elcAABav oTov nuiaywyod amd To kpo A
va uemanéoﬁv mipog Ta Sefid, eykataleimovTag Tig omég Tou eixav apxikd kara-

Niedvaopa ‘ M\eovaopa
EAEVIEPWY NAERTPOVIWY oUWV
o000| |eeeo|
_ Hhextpovia LOTEG
000 O @@
Huwaywyog N-TUTOU Huaywyog P-timou
Ix. 1.2B.
01 600 TUTOI NUIGYWYWV.
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Pofj nAexTpovikol pedpatog oe nuaywyd N - TOmou.
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Ix. 1.25.
Pof] nAexrpovikoU pelparog oe nuiaywyéd P - Timou.

N-tomog P-tumog

%
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Emayy
Ix. 12e.
Huiaywyiun &iodog Timou N - P.

Hxextpdvia ~ Omeg

AGBel kai va kataAdBouv Tig véeg omég mou dnpioupynBnkav. ‘Onwg dnAadr napa-
Tnpoupe oto oxfiua 1.28, ev Ta nAekTpdvia KivolvTal péoa oTov nuIaywyd He
dopd and apiotepd npog Ta Se§id, n dnuioupyia omwyv katd Tnv Kivnon Twv nAe-
kTpoviwv «Kiveitam pe ¢popd amd Ta &ekid mpog Ta apioTepd. ‘ETor pmopolpe, va
davracBolpe éva pedua omawv (hole current), To omoio «péen Pe popd avriBern
TPOG TO NAEKTPOVIKG pelpa.
Ma Tnv karaokeur piag nuiaywyiung 8168ou ouvdualope Toug duo Tomoug N kai
P nuiaywywv dnpioupywvrag pia emagij (junction) petafl Toug. Znuelwveral 4TI 01
800 TUmol nuiaywywv dev mpookoAAouvral petagl Toug, aAAd mapdyovral kard Tnv
nipdopign pe Tnv Sadviki aAlayr Tou TOMoU Twv Eévwv OUTIWY 01 OTToIES EKXUVOV-
Tal oTO MTPWTAPXIKG NUIaywyido UAIKG. Av n emadi yivoTav pe mpookdAAnon &€ Ba
eixape pia &iodo alAd pia wukr emagri (ohmic contact). Zro oxfpa 1.2€ ¢aiveral
Siaypapuatikd pia nuiaywyipn diodog Timou N-P. H emadn eivar éva eidog nAe-
kTpikoU ¢pdyuaTog Ye avaoTaATik TAon mou unoypewvel Ta nAekTpdévia Tou N-
TUmou va pévouv ato N-pépog Tng 816dou kai Tig omég oTo P-pépog. "Otav dpwg
epapudoope pia e§wTtepikf Tdon ata 0o akpa Tng 816dou, Ta nAekTpdvia eival du-
varé va «dianepdoouvy To dpaypa Tng emadnig kai va eigéABouv oTo P-pépog Tng
$1660u, 6mou unt@pxel MAedvaoua onwv. ZTo oxApa 1.20T n diodog N-P Bpiokeral
o€ nAekTpoviKO KOKAwpa.
‘Orav n nuiaywyipn diodog elcaxBei oTo kKUKAwa pe Tn prmatapia, Ta nAekTpod-
via mou mipoépxovtal amd To apvnTikd pépog Tng umarapiag eigépyovral OTO
- N-pépog Tng &16é6ou kai odelouv mpog Tnv emadr. ‘Otav n Tadon Tng pmarapiag
unrepioxUel TNg TGoews Tou nAekTpikoU ¢pdypatog oTnv emadr, Ta nAekTpdvia é-
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Mohwon opdg popdg Ix. 1.20m.

Huiaywyiun &iodog Timou N - P oe kixkAwpa.

XOuv apkeTh KivnTiKA evépyela, uneprndolv To ¢pdypa, kai eigépyovral oTo
P-pépog Tng 61660u, 6mou kai karaAauBdvouv éva avTioTolxo apiBud omwv Kovta
otnv emadr. Autd éxel wg amoTéAeopa Tn pPeiwon Tou ouvoAikoU apiBpold omwv
oro P-pépog tng &166ou. MNa va enavéABel n apxikf icoppomia ¢opTiou oTo
P-pépog, dnuioupyolvTal véeg omég KOvTa oTov akpodéKTn, amd TIG OTIOIEG EKTIEN-
movTal nAekTpdvia mou Siarepvolv Tnv avrioTaon ¢opTiou Kai KataAfyouv aTo Be-
TIKO pépog TG pmaTapiag.

H ¢opd Tou pedparog omwv (mou eival avtiBeTn amé Tn ¢popa Tou nAekTpoOVIKOU
pelparog), éxel kaBiepwBei wg n cupBariki) popd Tou pelparog KABe NAekTPOVI-
kg ouokeuns. ZTnv mepinTwon Tng 51G50u, n popd auth avrinpoowrelel Tn dpopd
oTtnv omoia n diodog mapouagialel Tn HIKPOTEPN avTioTaon oTn por Tou peluarog.
To pelua otn ¢dopd auth ovouhletal pedua opBric popdcs (forward current). H
epappoldépevn Tdon pe Tnv moAikdTnTa Tng Pnarapiag Tou oxfparog 1.2oT, érmou o
apvnrikdg méhog Tng pmatapiag cuvdéertal pe To N-pépog Tng &1050u kai o BeTIKAg
Me To P-pépog, ovoudlerai moAwon opBiis gopds (forward bias).

‘Otav avTioTpéywope TNV MOAIKOTNTA TN umarapiag, 6mweg ¢aiveTal oTo oxXfAua
1.2 1o pelpa (pelpa omiv) éxel popd avTiBern and ekeivn mou eixe éTav eixape
edpappbdoel mOAwan opbng popdc kai ovopdleTal pedua avdoTpodns gpopdg (rever-
se current). H oGvéeon Tng pnarapiag 6mwg oto axAua 1.2Z, dnAadn pe To BeTikd
moéAo ouvdedepévo pe To N-pépog Tng Si6dou Kkal Tov apvnTikG HE TO
P-uépog, ovopdletal moAwan avdorpogns gopds (reverse bias). Me Tn olvéeon
auTh] Ta nAektpbdvia oto N-pépog Tng S16dou éAkovTal oTo Gkpo Tng d16dou mou ei-
val ouvdedepévo pe To BeTikd mOAo Tng pymarapiag. Amé Tnv GAAn pepid o1 omég aTO
P-pépog tTng Si1680u éAkovral oTo Gkpo Tng S1660u ToU €ival oUVOESEPEVO HE TOV
apvnTiké méAo Tng pmarapiag. Zrn ¢opd auth n diodog napouaidler yeyaAn avri-
oraon oTn por pedparog WoTe adpa moAu Aiyo pelua va dianepva tnv emagr N-P.
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Ix. 1.2L.
Aiodog pe olvéeon moAoews avaoTpodng popds.
N P N
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Bdon
Ix. 12n.

Tpaviiotop Timou N - P - N kai To olGuBoAé Tou.

TuvowilovTag, mapatnpolpe 671, 6Tav epapudoope OeTikA Taon oTa akpa TnNg
51680u To pelipa SIEPXETAl PE OXETIKA €UKOAia, evi) 6Tav ePapuOCOME APVNTIKN
Tdon ota dkpa Tng, To pelpa Bpiokel uqm)u‘] avrioTaon, yeyovog mou xapaxkrtnpilel
Tn Aeiroupyia Tng &i6dou.

‘Onwg eidape, o1 8iodor karaokeualovral and nuiaywyipa uAika N kai P-tomou.
Sta TpavlioTop, Xpnoigonoiolvral emong o $00 auToi TOMOI NUIaywywy, aAAa
undpxel kai ma mpéaBetn {wvn Tou €vog i Tou GAAou TOToU.

Tta Tpaviiotop TGnou N-P-N undpxouv Tpeig {Wveg nuiaywylgou UAIkoU OTwg
daiverai oto oxApa 1.2n. ‘Onwg BAémope, n P-tomou Jwvn Bpioketal petafd 0o
Zwvdv N-t0mou. To méxog Tng P-Zuivng eivar mepimou éva XIAIOOTO TOU €KATOOTO-
perpou. H P-Twvn oe éva tpaviiotop N-P-N Aéyerai Bdon (base) Tou TpaviioTop.
H pia N-Zdwvn ovopaleral exmopmée (emitter) kar n GAAn N-Z@vn ouddéxtng (colle-
ctor). £ro oUpBoAo Tou Tpaviiotop N-P-N mou mapoucidlerar ato oxhpa 1.2n, To
BéAog eEépxerar andé Tn Bdon.

Efetalope Twpa Tn cupmepipopd evog Tpaviiotop N-P-N péoa oe kikAwpa, 6-
nwe ¢aiverar oo oxfAua 1.26. ‘Onwg BAémope, n BAon cuvdéeTal pe To KUKAwpa
€10660u Kal Pe To KUkAwpa e§6dou péow Twv prarapiiv V, kai V,. Maparnpoipe
5e 611 edapudlerar méAwaon opBiic popds perasi exmounou Kai fGo€ws ka1 MOAw-
on avéoTpodns popds perafi ouAAéxrn xai Baoews. Ta nAekTpOVIa TTOU delyouv

AP,
REYy
)
<
5
10T\

I3Eh



N P N
© O|®|6 ©
Emagdg o olele o TURAENTYC
( o ole|le o T\ﬁ?ﬂ
A pon
S ot Sam i o
poY
PEVUATOC I
L e A ° I‘J
= - I[+
Vi V2
Ix. 1.20.

Tpavliorop Tormou N - P - N oe xixAwpa.

ané Tov apvnTikd oMo Tng pratapiag V, ¢pOAvouv aTov exmopmd, émou anwboiv
Ta nAextpévia Tou N-pépoug Tou TpavlioTop kai Ta avaykalouv va diamepdoouv TN
Baon ypfiyopa, Xxwpic onuavTtikég anwAeleg and karaAfyeig omwv mou agBovoiv
otn Baon. “Etol ®8avouv oTo cuAAékTn kai anwBoulv Ta nAekTpbvia mou Bpiokov-
Tal exkei mpog To Betikd MOAo Tng pnarapiag V,.

To péyeBog Tou NAEKTPOVIKOU PElPATOG TTOU PEEI aTO TOV EKTIOUTIO OTO TUAAE-
KT eAéyxetal and To péyebog Tng moAwoews opBig popas mou edpapudleTal oTnv
enadn petafi exmopmol kai Badoews. H Aeitoupyia evog TpaviioTop N-P-N Baoile-
Tai katd kdpio Adyo oTtn Sdiakivnon nAekTpoviwyv, Ta onoia ovopaiovral mAeoyn-
@ouvrec popeic (majority carriers). To Aenré mdxog Tng Baoewg, dieukoAiver Ta
nhektpévia va Tn Sianepvolv ypriyopa, Xwpis peyaheg mBavoTnTeg va «ouAAn-
®Oolv» amd Tig mAeovalouoceg ekei omég. BéBaia, évag pikpdg apiBudg nhe-
kTpoviwv mayidetetal and éva avTioToixo apiOpd omwyv péoa orn Baaon, pe amoTé-
Aeopa va Siappéel Tn Baon éva oAl pikpd pedpa, 6mwe daiveTal oTo oxfAua 1.26.

Yndpyouv 6pws kai P-N-P tpavilioTop mou anoteholvTtal emiang ané Tpeig {uw-
Veg nuiaywyipou uAikod. H Baon eival nuiaywydg N-TOTOU Kai 0 €KTTOPTIOS Kai 0
ouMAékTng eival nuiaywyoi P-timou. To TpaviioTop autd pe To aUpBoAd Tou dai-
veTal oto oxAupa 1.21. £to olupBolo evdg P-N-P tpaviioTop, n ¢popd Tou BéAoug
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Ix. 1.2.
Tpavliotop tomou P - N - P ka1 To oGpBoAd Tou.
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Ix. 1.2ia.

TpaviioTop Timou P - N - P o€ kikAwpa.

HAEXTPOVIXY
po1, HEYaho
pEVHa

oTov ekmoumé eival mpog Tn Baon. Eivar pavepd, 611 n Aeiroupyia Tou TpaviioTop
P-N-P Baoileral karé kUpio Adyo oTn «diakivnony onwy, ol omoieg amoteAolv Toug
«mAeloyndolvTeg popeigy. ZTo oxAua 1.21a dpaivetal éva tpaviioTop P-N-P o€ ki-
kAwpa, pe méAwan opBiig popdg peTatl Tou ekmouToU Kal TNS Béaewg kal moAwan
avaoTpodng popdg perafl ouléktn kai Baoews.

H olvdeon Tou eknopmod oTov onoio mAeovalouv o1 omég, pe To BeTikd TOAO

o B i

mn.._..‘-»_-u-.. A——

Ix. 1.2!3 )
Pwroypagia tpaviiotop N - P - N kai P- N - P.
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Tng umaTtapiag V, mpokaAel ambOnon Twv onwv mpog Tn Baon. "ETo, évag peyaAog
apiBudg omiv Tou ekmopmod «diarepvay pe TaxdTnra Tn Baon (He pIkpéS amWAEIES
péoa otn Baon, Aéyw mayiSe(ioewg Toug and avrioToixo apiBud nAekTpoviwv) kai
«eioépyeTtan oTo ouléktn 6mou TAeovalouv omég. O1 «veopeppévegy OTES OTO
ouMéxTn anmwBolv éva avTioToixo apiBud omwyv Kal TIg UTTOXPEWVOUV Va KOUYKEV-
TpwOOUVH 0TO GKPO TOU TUAAEKTN ToU €ival ouvdedepévo pe Tov apvnTikG oA
Tng pmarapiag V,. Exei mpooeAkiouv évav avrioToixo api®ud nAekTpoviwv anod Tnv
uratapia kai Ta mayidedouv. Me TNV amopdkpuUVoN TWV OMIV amd Tov eKTIouTd Ta
nAekTpévia ou épuyav amd Tig omég auTég pooeAkUovTal and To BeTikd TOAO TNG
pmarapiag V,. To péyeBog Tou pelipaTog OMWV TTOU «PEEIN TG TOV EKTTOUTIO TPOS
T0 GUAAéKTN, péow TN Bdoews, ehéyxetal and To uéyeBog TNG MOAWOEWS 0pONg
dopbc ou edpapudletar petTakl exmopnol kai Baoews. ITn pwroypadia Tou oxh-
paroc 1.21B ¢aivovrar TpaviioTtop Tumou N-P-N kai P-N-P.

1.3 Avackénmon Tng Bewpiag Twv NAEKTPOVIKWV AUXVIWV.

H mpwiTn guokeur| TTou XpnoipomolfBnke yia Tnv evioxuon NAEKTPOVIKWYV anua-
Twv Arav n Tpiodog Auxvia. O Owpdg ‘Evricov, TeipapaTi{OPEVOS HE TNV TUPa-
kToUpevn pwTioTiKA Auxvia, eixe maparnpfoel 611, 6tav TomoBeToloe éva pikpod
peTaliké olppa kovré oTo mupakTwpévo vipa (filament), péow Tou olpuaTog
autol kukhodopoloe nAekTpikd pelpa.

To pedpa autd To pérpnoe pe éva yaABavéperpo (galvanometer), Xpnoipo-
noidvrag Tn SiGragn Tou oxAuparog 1.3a kai, aduvarwvrag va e§nyfoel To 6Ti TO
pelpa opeilovrav oe nAekTpbvia mou THdnoav ané To vApa otnv dvodo (anode),
apkéoTnke va ByAAel pia «maTévTay pe TNV TEPIypadn Tou daivopévou autol Tou
apyéTepa kabiepwOnke wg «Paivépevo ‘Evricovy (1883). Mera ané eikoai xpbvia
évac Bperavég kataokelaoe Tnv mpwTn Auxvia, Tnv oroia ovépace «BaABidan (va-
lve). “Hrav pia &iodog Auxvia, oTnv omnoia NAEKTPIKO pelpua propoloe va Tepaoel
ané To vApa otnv Gvodo, aAAG 6xi kai and Tnv avodo Tpog To vApa. Me Tn ou-
okeuf auTt) emTelxOnke yia mpwTn dpopd avépBwan (rectification). To 1906 o An
NTte ObpeoT emvénoe Tnv Tpiodo Auxvia (mou Tnv ovopage «dvTiovy), elodyovrag
petakl viparog kai avédou Tn oxdpa eAéyxou (control grid). H rpiodog (triode) ei-
val évac evioxuTic, Pe Tov omofo eAéyxeTal n HETABOA piag OXETIKG peYAANg Ta-
oewg oTnyv €E086 TN pe peTaBoAr piag OXeTIkG piKprig TAoEwWS aTnV €i0066 TNG.

O1 Tpiodor amoteAolvral ané Tpia Baoikéd oToixeia: TNV KkGBodo (cathode) r vij-
ua, Tn oxdpa eAéyxou xai Tnv dvodo. H kGBobog eival 0 ekmounog NAeKTpoOViwy, pe

‘Avobog
Ma\BavORETpo
\

" Iyx. 1.3a.
Aidraln Tou «Paivopévou ‘Evrigovs.
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NTua

"Avobog

foipa
EAEYXOU

Beppavinpag
Kadobog

®
Ix. 1.3B.
a) ‘Apeca Beppaivopevn kGBodog. B) ‘Eppeca Beppaivopevn kabodog.

Tn oxdpa eAéyxou kavoviletal n pof Twv NAekTpoviwv amd Tnv kdBodo mpog TNV a-
vobo kai n Gvodog, mou eival BeTika popTiopévn, EAKEl kal TUAAéYE! Ta NAEKTPOVIa.
s1ic maAaibTepeg TPIGSOUG To vipa BeppaivéTav Gueca [ox. 1.3B(a)l. ZAuepa, ol
Tpiodol mepidapBavouv aTnv kGBodo oAU AerTd clppa yia To okomd auTo, Brwg
¢aivetar oo oxfua 1.3B(B). ZTo oxfAua diverar kai To avrioToixo oUuBoAo autold

Ix. 1.3y.

Eikéveg ouyxpévwy TOmwy Auxvidv,
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Tou Tomou Auxviag. MNa tn dieukdAuvan Tng exmounrig nAexTpoviwy, n kGBodog em-
oTpwveTal e eidIkf ouaia and ofeidia onaviwv yaiwv. H exmopnr| nAekTpoviwv pe
Béppavon Tng kaBddou ovopdlerar Bepurovikij exmopmij (thermionic emission).
Zro oxfipa 1.3y eikovilovral eikbveg Teoodpwv TOMWY AuXVIWYV, TTOU éXOUV PeYAAN
epappoyn akdéun kai ofjpepa. ITnv eikéva (A) daiverar pia piIkpookomkh Auxvia,
oTn (B) évag ekadikbég petpntig, otn () mévre Auxvieg pe mhaioiwpévn oxdpa yia
peyaAuTepn avroxf kai otn (A) pia e1diki) Auxvia mou xpnoipelel oTnv «anoBnikeu-
on» NAEKTPOVIKWY TANPODOPIDV.

. Ta nAekTp6dia Tng Auxviag ocuvdéovrar oTo kikAwpa epapuoyng péow piag Bd-
‘g€ews pe mepoves (base - pin) kai evég mAargiouv umodoxrs (socket assembly). o
oxfua 1.38 dpaivovral o1 Baoeig TRIWV Koy TOMwy Auxviwv. H api@unon Twv me-

9 8

Muxpooxorod] BAom  Muxpooxorux Baon
Owtaywvoai Baoy 7 epovuy 9 mepovuy
Ix. 1.36.

Bdoeig yia Tpeig koivolg TUmoug AuXviwv.
povwyv apxilel and Tnv évéeifn Tou axAerdior (key) kai yivetar otn ¢popd Twv Sel-
KTWY poAoyiol. ZTo oxfua 1.3€ ¢aivovral 0o mAaioia unodoxrg Auxviwy, To (A)
Xwpi¢ ouvdéoeig kal To (B) pe ouvdéoeig.

Ta kataockevaoTikG pépn piag Tpiddou eikovitovrar oro oxfua 1.3oT. H oxdpa
eAéyxou amoteleital and éva Aerrd olppa TuAliypévo oe SUo pdfdous arnpifews
(side rods) kai kaAUrrel 6Ao To pfikog Tng kaBbddou. H Gvodog (A MAdka) mepiBaAAel
Ta unéAoma aroixeia Tng Auxviag, 6Aa b€ Ta oToixeia mepikAeiovral and éva yudAi-
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Ix. 1.3¢.
MAdioia unodoxrig Auxvitwv.

Nepifiua
‘Avobog
£xapa eAEyyou
Kadobog
Nrpa
LiMpiypa yuohot
Baon
Nepoveg

Ix. 1.30t. :
KaraokevaoTikég Aemropépeieg Hiag Tpi6ou.

vo 1) peTarAiké kGAuppa mou ovopdletar mepiBAnua (envelope). MNa va pnv kara-
oTpédeTal To vijua and umepBéppavon adaipeital Teheiwg o aépag ané Tn Auxvia
Kal Ta groixeia Tng Bpiokovral oe kevd aépa.

H avdAuon tng Aerroupyiag Tng TpidSou yivetal pe Tn BorBeia Tou KUKAWHATOS
Tou oxAparog 1.37, To omoio Bewpeital €161k6 kOKAwpa dokipfg TN Auxviag (kai
6x1 kUkAwpa eviox(ioews Tdoews fi pedparog). H umatapia A mapéxel Tnv amapai-
TN T@on yia TNV MupaKkTwan Tou VAPATog Kal ovopdletal rdon vijuaroc (filament
voltage). H umarapia B tpopodortei Tnv rden avédou (plate voltage) kai n pmara-
pia moAwoewg I xpnaipeler yia Tov éAeyxo Tng rdoews axdpas (grid voltage). Ze
TPAKTIKA KUKAWuaTa TpiIddwv Auxviwyv, ol Taoeig A kai B mapayovrar ané To idio
TPOPOSOTING 10XU0S (Power supply), evid n téon I e§aodalileTal pe aurondAwon
(self bias) oTo kOkAwpa eigéSou.
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Zx. 1.31.
KokAwpa Sokipfig Tpiédou Auxviag.

Kaddohou pevpa

doptio xwpou E
Ix. 1.3n.

Anuioupyia «popTtiou xuwpour oTnv kGBodo.

Ixapa Ayo-, s M A
TEPO APVYTLKN Peupa avobou l
R
l B Apopeag
| RL
= \
+ A +
T

Ix. 1.36.
Me AyéTepo apvnriki] TGon oxdpag n Auxvia emrpémel pof| pedparog.

‘Orav o dpopéag Tou peoordrn R, TomoBeTnBei oTo onueio a, n Tdon oxapag yi-
vetal moAd apvnTikf kal avanTiooeTal éva nAekTpikd ¢ppdyua petasi Tng kabBoddou
ka1 Tng avodou, To omoio eumodilel Tn Siakivnon Twv nAekTpoviwv (6poia gpoptia
anwBoulvTal) kai dpa kai Tn pon pelpaTtog. Zuvémeia autol €ival n ocuykévTpwan
moAAwv nAexTpoviwv yipw amd tnv kGBodo. To paivopevo autd Aéyetal goprio
Xxwpov (space charge) kai ¢aiverar oo oxfua 1.3n.

‘Orav o épopéag Tou peootarn R, TomoBetnBei aTo onueio B (ox. 1.30), n oxa-
pa amoktd AiyoéTepo apvnriki] Tadon. ‘ETol évag apiBudg nAekTpoviwv Siamepva Tn
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IXApa TEPLOOOTEPD

ety —- — —
Y AvEnuevo l
pevua
R’ avobou
: RL
== T '
+ A o+
1 — B
- |

Ix. 1.3u
To petpa avbédou aufdvel 6tav n oxdpa yivel meploobTepo BeTIkA.

oxapa kal cuAAéyeTtal and Tnv Gvodo, pe armoTéAeopa va avanTuxBei por pedparog
otnv avrioTtaan ¢optiou Ry. TéAog, 6Tav o Spouéag Tou peoaTtdTn R, TomoBeTnBei
oTo anueio y, n oxdpa éxel eAdyioTa apvnTikf Tadon (f nepioodtepo OeTikr, oxApa
1.31). ZTnv mepinTwan auth], oxeddv 6Aa Ta Beppiovikd mapayopeva nAekTpovia
oguMéyovTal otnv dvodo kal To pelpa avédou eival apkeTd avinuévo. To péyioTo
peUpa nAekTpoviwv emTuyxaveral, 6tav 6Aa Ta nAekTpovia mou epydavifovral oTnv
kGBo&o ouAAéyovtal oTnv Gvodo. To pelpa autd ovoudleTal pedpa képou (satura-
tion current).

KAeivovTtag 1o eicaywyikd autd kepdalaio, mapabéTope ouykpITIKG Tivaka Twv
XAPAKTNPIOTIKWY Twv TpavlioTop Kal Twv AuXviwv.

MINAKAZ 1.3.
Toyxpron xapaxtnpioTikwy tpaviiorop kar Auxviwv.

TpavlioTop Auyvia
1. I&1aitepa evaioOnTo oe BeppdTNTa. 1. AnaiTei peydAn BeppdTnTa.
2. Mikpb péyeBoc. 2. Meyaho péyeBog.
3. Anartei moA0 pikp 1o0x0. 3. Anaitei moAl mepioocoTepn 1oxU.
4, Meyahn sidpkeia «lwrign. 4. Mikpr| sidpkeia «wngy.
5. XaunAé kéoTos. 5. MeyaAUTepo kbaTog.
6. ‘Ox1 euaio®nTo o€ kpadaopous. 6. NoAl euaioBnTn oe kpadaopolc.
7. Mikp6 Bapog. 7. IxeTikd peyahiTepo Bapog.
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KEOQAAAIO AEYTEPO
ENIZXYTEZ

2.1 Tevikd.

ta onpavTikbtepa nAekTpovikA KukAwpara nepidapBavovral ol eVIOXUTEG, Ol
TaAavTwTég Kal Ta TpopodoTikd KukAwpara ioxiog. O1 evroxurés (amplifiers) mapa-
youv evioxupéva nAextpovikd ofjpara e§dédou amd ofjpara eig6dou pikpol peyé-
Qouc. 1o oxAua 2.1 Siveral To oupBolikd didypappa evog eviaxuTh.

210 kedpaAaio autd Ba mepiypdyope evioxuTég TOU KataokeudlovTal pe Tpavii-
aTop, evioXuTég pe Auxvieg kai TéAog Ba aoxoAnBolue pe To TpaviioTop emépa-
gewg nediou, To omoio cuvdudalel Ta xapakTneioTikd Tou TpaviioTop Kal Tng Au-
xviag, kai éxel moAAég edpappoyég ge evioXUTIKA KuKAWpara.

T oo e —
/\\_/ Ewobog EvioyuTic 'EE0bog
. s U
Ix. 2.1.

ZupBohikd Sidypaupa evioxuTh.
2.2 Evioyutég pe tpaviioTop.

To TpaviioTop, énwg avadépOnke RéN, xpnoipomoleital o€ diadpopa NAeKTpovi-
K@ kukAwpara. Mia diadedopévn karnyopia KukAwpdTtwy €ival ol evioXuTég, ol
onoiol mepihapBavouv TpavlioTop, kai eAéyxouv ofjpata €§d6dou peyding evrda-
gewg Pe ofjpaTta eicddou pIkpAg evraoews. Me Toug evioXUTéG uropei emiong va
emTeuxBei evioxuon 1| képdog 1oxbos (power gain). ZTo oxApa 2.2a ¢aiverar To
kUkAwua evog evioxuTh We TpavlioTop. L' éva TéTolo KUKAWWQA, T.X., N oUvBeTn av-
rioraon eigédov (input impedance) kupaivetar petafl 0,5 kar 50 Q kai n guvBern
avrioraon €fédou (output impedance) petatl 10 kai 1.000 Q. Ag uroBéoope 6TI N
ouvBeTtn avrioTraon eigééou eivar 10 Q kai n olvBeTn avrioraon e€édou 1.000 Q.
Ag urroBéoope emiong 6T To pelpa mou péel and Tov apvnTikd méAo Tng pratapiag
V, mpog Tov ekmoumd, eivalr éva apmép (1A).

Ta nAexTpbvia Tou ekmopmoU anwBolvTal mpog Tn Baon émou évag pikpdg apiB-
pog nAekTpoviwv karahapBdvel onég aTnv mepioxn TnNg Bdoews. MNa va eméABel G-
A1 loopporia omwy, évag ioog apiBudg nAekTpoviwy «Eemnda» améd Tn Baaon, Ye amo-
TéAeopa va dnuioupynBei évag avTioToixog apiBudg véwv omwv. Ag uTToTeBET Tw-
pa, 611 éva mooooté 2% Twv nAekTpoviwv Tou elcépxovTal oTn BAcn amnd Tov ek-
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EXTopmog TUAAERTTC
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7 14 — i — —

y 098a | _
Tuvdetm Baoy | Tuwdety
aviotao —- [ R avtiotaoy
ewoobou o | | eEobou
0 | o02n 7 |@ = |— — 10009

e L il )
e, + A — —— —— — —J —' ‘_+
Vi Vo
Ix. 2.2a.

KixkAwpa evioxuti ye TpaviioTop.

mound Siappéouv Tpog Tov akpodéxtn Tng Bacews. Eival pavepd, 6T To pedpa
npoc Tn Baon eivar 0,02 A kai To pedpa nipog To SUAAéKTN foo pe 0,98 A. Ta nAe-
kTpbvia Tou avTigToixoUv oTo pedpa Tou OUAAéKTN Siamepvolv Tnv avrioTaon
¢opriou R kai Tn prarapia V,. Ta pedpara Twv 0,02 A kai 0,98 A npogoTiBevrai
oTov k6uBo A (vépog Tou Kipkwd) kai érol péer otn pmarapia V, pevpa 1 A.

Enmei8A n olvBeTn avrioTaon Tng €10660u eival MoAU pikpdTepn améd Tn olvBeTn
avTioTaon Tng €§660u, To KUKAwHa Tou axAuarog 2.2a éxel TNV IkavoTNTa eVIoX0-
oewc 10X00¢ fi képdoug 1oxioc. To xépdog (i amoAaBri) ioxuos (power gain) opile-
Tai we €§A¢:

10%0¢ €E660uU
Képbog ioxlog = —GX—L (2.1)
10XUg el06d0ou

1o mapadelypa Tou oxfpatog 2.2a n amohaB 1ox0og unoloyiletar wg edng:

loxug e§6dou = 12 X Z,
= (0,98)2 x 1.000 = 0,96 x 1,000
= 960 Watt

émou | eivar To pedpa goptiou f pedua e§ddou kai Z, N ouvBern avrioTaon
eE660u. Av hoimdv |; eivar To peGpa eic6dou kai Z; n oUvOeTn avrioTaon eigcbdou,
€XOME :
loxig elgddou = Ii2 X Z;

=12 x10=1x 10
10 Watt

Téhog, To képdog 1o0x00¢ €ival

' 960
képdog 1ox00g = —— = 96
10
AnAadh n 1ox0g €€65ou eival 96 popég peyahiTepn amd Tnv 10X0 €10660U.
Me époio Tpémo opileral To képdog peduarog (current gain), To onoio oupBoAi-
leTai pe To ypappa «a» kai uroAoyileTa, yia Tov Timo Tng diaTdgews Tou OXAHATOS
2.2a, amdé Tn oxéon

o
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pelpua ouAAéEKTN

pelpa exkrmoumol

210 mapddeiypa Tou oxfuaTtog 2.2a To pelpa Tou cuMAékTn eival 0,98 A kai To
pelpa Tou ekmoumol 1,00 A. ‘Etol To képdog pelparog eivai
0,98
a=——=0,98
1,00
Z1n ouvdeopoloyia Tou oxfiuarog 2.2a, 6mou n Bdon eival koivi] oTa KuKAwua-
Ta ekmopmol kal guAAékTn, To dAga, «an, eival mMavToTe pIKpOTEPO TNng povadag,
adol 1o pelpa efddou dev pmopei va umepPei To pelpa Tng eicédou.

2.2.1 KukAwpara koivod exmounod.

levikd untdpxouv Tpeig péBodol ouvdéaews evog TpaviioTop oe KukAwPaTa evi-
oxUoewg. 01 pyéBodoi autég opilovral ané To nAekTpddio Tou TpaviioTop mou eival
kolvé oTa KukAwparta eiocédou kal eE6dou Tou evioxuTr. ZTNV TEPIMTWON TTOU TO
nAekTpddio Tou ekmopmol €ival koivé oTa 800 auTd kukAwpara, To KUkAwpa Tou
€vIOoXuTr] ovopdletal kixAwpa xoivou exmoumod (common emitter circuit). To k0-
kKAwpa koivol ekmnopnoU éxel Tn peyaAUTepn epapuoyn g€ evioxuTég pe Tpavdi-
orop, ene1df] e§aocpaliler uynAd képdn pelparog, Tdoewg Kal 1I0xX00OG.

H ouvéeopoloyia Tou kukAwparog koivou exmoumol ¢aivetal aTto oxfiua 2.2B.
To nAekTpbdio Tou ekmopmol eival kKoivé oTa KukAwpara elcédou kal eEddou. To
Xpnoigomoioluevo TpaviioTop, 6mwg ¢aiverar amd Tn ¢opd Tou BéAoug, eival TO-
mmou N-P-N. Ta nAexktpbvia mou ¢pelyouv and Tov apvnTikd méAo Tng unarapiag V,
eigépyxovTal aTnv mepioxn Tou ekmopmol. H mbAwaon petall ekmopumol kai Bdoewg
kaBopilel Tnv évraon Tou pelparog peTafl exmoumou kair cuAAékTn. ‘Evag moAd
MIKpOg apiBudg nAekTpoviwv mayidetetar arn Baon amd éva avrioToixo apiBud
omwv. MNa Tnv amokardoTaon Tng icopporiag ¢optiwv atn Baon, Aiya nAekTpovia
diappéouv and Tov akpodékTn Tng Badoewg diapéoou Tng avTioTdoewsg eicdédou R,
kai kataAflyouv oto BeTiké méAo Tng pmarapiag V,. O peyaAltepog apiBuds Twv
nAekTpoviwv mou mapdyovral otov eknopnd, Sdiamepvd Tn Bdaocn kai elcépxeTal
otnv mepioxr Tou ouléxTn. Exei anmwBei éva avTioToixo apiBud nAekTpoviwy, Ta
ormoia avaxwpolv amd 1o oUuMéxTn, kal péow Tng avmioTdoews ¢optiou R
karaAfjyouv oTo BeTikd mdéAo Tng umarapiag V,. H evioxuan odeileral oTo 61 éva

Meyaho
1 pPEVHT RL ‘E Eobog

| 0,98 A |

LS

-
-+
V2

Ix. 2.2B.
Baoiké kikAwpa koivol exmoprmod.
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EvioXuoT TCOAWOEWS

Tua I
1 180£WG Trpa
£L00bou téqe we
S
2
8 3
-A + 4+ -

MeLwoT ToAIOEWS

Ix. 2.2y.
EvioxuTiké otddio N - P - N koivol exmopmod.

HIKpO pelua atnv eicodo (0,02 A) cuvobdeletal and éva oAU peyaAliTepo pelpa
otnv ékodo (0,98 A).

Av edpappbdoope atnv €icodo éva ofua nuiTovoeldolg Taoews, 6mwg ¢aiveral
oo oxfua 2.2y, maparnpouue 6T n Taon Tng ei0dédou oTn BeTIKA nuIMepiodo Tou
ofuarog evioxlel Tnv néAwaon V, kai emopévwe auiaverai o apiBpog Twv NAEKTPO-
viwv ou elgépxovral ot Baon and Tov ekmound. ‘Otav n Tdon eicbédou AdBel Tnv
TR «1» To pelpa Tou CUANéKTN kai Kat eméktaon n Tadon ¢optiou | R
AapBdavouv tn péyiorn TipA. MNapdAinAa, n Taon peTadl TwWY AKPOSEKTWYV TOU TUA-
AékTn ka1 Tou exmopmoU naipvel Tnv eAaxioTn TipM eneldn eival oe oeipd pe TNV Ta-
on ¢oprtiou kaBwg kai ye Tn oTaBepr Taon Tng pmarapiag V,. H Tadon Tou akpodé-
KTn «a» otnv €§060 wg Tpog Tov akpo&EKTN «By» maipvel Tn péyioTn apvnTiKh TIPM
(onueio «3» Tng kapmiAng).

‘OTtav n Tdon eigcbdou napel Tn péyioTn apvnTikA TP (onueio «2» TnNg Kapmi-
Ang), épxetal e avtiBeon pe Tnv Tdon MoAwoewg V, pe anotéAecpa va peiwBei n
guvoAikn méAwan mou epapudleral peTafl exmopmol kal Bdoews. Tn xpovikh au-
TA oTiyur To pelpa Tou CUANEKTN Kal KaT' emékTaan n Taan ¢opTiou Taipvouv Tig
eAaxioTeg TINéG Toug. MapdAAnAa, n Taon petall Twv akpodeKTWY CUAAEKTN Kal
exmopmoU maipvel péyioTn T, YE amoTéNeoua o akpodékTng «a» Tng e§ddou va
eival BeTIkO¢ WG TTPOG TOV AKPOSEKTN «B» kal n Tdon e§ddou va AdBel péyioTn BeTi-
ki TiuA (onueio «4» otnv kapmiAn).

ZuvoyilovTag, maparnpolpe OTI To KUKAwPaA Koivol Kool TTapéxel eviaoyxu-
on kal mapdAAnAa avaoTtpédel Tnv mMoAik6TNTA TOou ofjparog elocddou, palvopevo
mou Aéyetal avaorpogij pdoews (phase inversion).

To képdog pelparog Tou KUKAWUATOS KoIvoU ekmouroU opiletal wg

Al,

e

(2.2)

6mou B = képdog peliparog
Al = petaBoAr] Tou pelpaTog CUANEKTN
Al, = petaBoAn Tou pedpaTtog Bdoews.
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O ekmoumég XpnoipomnoleiTal wg koivod anueio peTpioewg Twv 800 evTacgewy yia
Tov umoAoyiopd Tou B, o1 ouvABeig Tipég Tou omoiou €ivar yipw oTo 100.

Te kuKAWpaTa koivol exmopmol xpnoipormolotvtal kai TpaviioTop P-N-P. H Aei-
Toupyia Tou KukAwpaTog autol eival mapdpoia pe Tn A€iToupyia Tou KUKAWHATOG
koivoU exmoumol N-P-N. Z1o kikAwpa pe Tpaviiotop P-N-P n Tdon eic6éou ehéy-
X€l €éppeaa Tov apiBud omwv mou «eloépyovTaiy otn Bdon ané Tov ekrmound. “ETol
eAéyxeTal To pelua Tou CUANEKTN Slapéoou Tou PelpaTog ou Siappéel TNV emadn
Baoewc-ekmopmol. Ito oxApa 2.26 daiverar To kikAwpa KoivoU €Kmoumol e
tpaviiotop P-N-P. O1 moAwaoeig mou edpappdlovrar oTig enadég BATew-eKTopmol
Kal oUANEKTN-ekmopumol eival avtioTpogeg and autég mou edpappdlovral oTo KU-
kAwpa N-P-N (ox. 2.2y). AuTé éxel wg amoTéAeopa Tnv avTioTpodn TG popdg Twv
peupdrwyv oUuAéKTN, BAoews Kal ekmopmol. ZTnv TepiTTwon auTh, ol pAacEIg Twv
Thoewv eE6Sou kal €10660u Sladépouv emiong kara 180° énAadn umdpxel A
avaoTpodf) ¢doews. H olvBern avrioraon eic6dou eival OXeTIKG HIKPR OTO KO-
kAwpa auté, emeldf epapudletar moAwon opbrg dopdg oTnv enaph Pacews-
exmopmol. ZuvABuwg eival pikpdTepn Twv 5.000 Q. H olvBeTn avrioTaon e§ddou
kupaivetar peraft 50 - 50.000 Q.

C
B ( e -
1
| b el | '
Tipa I RL I1jua
TAoEw( 1 \ TAGEWS
£10660v 1k eEobou
VBe 1t Ve J
P e L
| +|1 -
Xx. 2.26.

KOkAwpa koivol exkmopmou P - N - P.

‘Eva Baoikd xapaktnpioTikd kGOe KukAwpaTog evioxioews eivai n guxvérnra
amoromic (cuttoff frequency), TOU avTIOTOIXEi OTN OUXVOTNTA TOU OAHATOG El-
0660u, aTnv oroia To BATa (B) eival To 0,707 Tou péyioTou BATa (B) Tou KUKAWHGA-
toc. H auxvéTnTa anokomig eival pia évSeifn Tng moTéTNTAG TOU EVIOXUTH HE TPAv-
lioTop, 6Tav xpnoiyomoleital wg oTadio evioxUoews oNPATWY eupéog paoparog
OUXVOTATWV.

To xépbog rdoews (voltage gain) o€ KUKAWUATA KOIVOU €kmopToU eival To TTnAi-
Ko Tn¢ Taoewc eE680u TPog TV Taon e106dou kar amoTeAei TNV KupIdTEPn EvEeitn
NG ewaxvoews (amplification). YmoAoyileTal ané tn oxéon

R
képdog TAoewg = B R° (2.3)

I

6émou B = képdog pelparog
R, = avrigraon f) o0vBeTn avrioTaon e§660u
R; = avrioTaan fi o0vOeTn avrioTaon €ic660u.
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2.2.2 ‘Alda xuxkAwpara evioxurwv.

a) Eviaxurijs koivij¢ Bdoews.

Zto kUkKAwpa Tou evioxurij xowviic Bdoews (common-base amplifier), n Tdon
eigddou Tou TpavlioTop epapudletar petafl Baoewg kai ekmopmol Kai n Taon
eE6bou AapBaveral petall Badogewg kai gulékTn. ZTo KUKAwpa autd n clvBeTn
avtioTraon eicdédou eival moAl pikpr, ouviiBwg petau 1-50 Q, evd n olvBeTn av-
tiotaon €E6dou eival moAU peydAn, cuvBwg petalld 1.000 kai 1.000.000 Q. To
kOkAwpa evioxuth koiviig Bagewg daiverar oto oxAua 2.2e. ‘Otav 1o ofua ei-
obdou maipvel péyiorn BeTikA TiPA, N Taon mou epappdleTal oTo KUKAWHA avTi-
TGooetal otnv Taon moAwoews Vg kal €101 peldveTar n guvoAik TAon
moAwoewg exmopmol-Bacews. Autd éxel wg amoTéAeopa Tn peiwon Tou apiBuod
nAexktpoviwv mou eigépxovTal atn Baon amnd Tov ekmound. ‘ETol, To pelua oulhé-
KTn mou Siappéel Tnv avrioTaon ¢optiou R; peiwveral oTnv eAaxIoTn TIPA Tou Kal
n vdon l; R otnv avrioTaon, peiwveral avrioroixa ornv eAdxiorn Tipn tne. MNa n
diatfipnon icopponiag Tdoews (vopog Kipkwd) oto kikAwpa e§ddou, n Tadon peta-
EU BAoewg kai duAAéxkTn Tou TpaviioTop auavetal oTn pPéyioTn TIPA TNG HE amoTé-
Aeopa o akpodéktng «a» Tng e§ddou va eival moAl mo BeTikdg o€ oxéon e TOV aK-
podéxtn «B». ‘ETol, n Taon e§6dou maipvel péyiorn BeTikA TiuA (onueio 3 oTnv kap-
moAn e§66ou). ‘Otav To ofjpa eicdédou AGBel péyiatn apvnTiki TiPA (onueio 2 aTnv
kaumiAn eigbdou), n Tdon mou epappdleTal oTo KOKAwpa éxel Tnv idia dpopd pe
TNV Tdon moAwoews Veg kal érol aufdveral n ouvoAiki Taon moAwaoews peTtal
Bdoewg kai exmopmol. AmoTéAeoua eival va auinBei To pedpa guAhéxkTn kal kar’
enékrtaon n Tdon ornv avriotaon ¢optiou R va AGBel péyiotn TN, evw n Téon
petafl oculhéxkTtn kai Bdoewg eAdxioTn TiuA. O akpodéktng «ay» Tng e§d6dou eivai
elayioTa mo BeTikdg amd Tov akpodéEKTN «Br», kal €Tal n Taon e§ddou maipvel péyi-
orn apvnTikA TipA (onueio 4 ornv kapmiAn e§6dou). MapnTnpolue 6T o€ éva evi-
axurij kowviic Bdoews dev undpxer avaocTpogli pdoews, avriBera and v mepi-
NTWOoI TOU EVICXUTI] KOIVOU EXKTTOUITOU.

tl=- S & -
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B) KixAwua xovou aulAéxrn.

Avagépope T€AOG TO KOKAwpa Koivou ouAAéxrn, 6TIou 0 OUAAEKTNG TOU TPavdi-
oTop eival Koivog oTa KukAwpaTa eigcddou kai e§6dou. To kikAwpa autéd omdavia
Xpnoigonoleital wg oT@dio evioxloews, Xpnoipelel Opwg ouxva oTnv Mpooapuoyn
olvBetng avrioTdoewg (impedance matching) Tng uwnAfig clvOeTng avTIoTACEWS
€E6dou evog evioxuTikoU otadiou pe Tn xapunAf olvOeTn avriotaon eicédou Tou
enduevou evioxuTikoU otadiou. Emiong xpnoipomoleital yia Tnv amopdévwon dia-
dopwv evioxuTikwy oTadiwv katd Tn o0leuEn Toug.

2.3 Evioxutég pe Auxvies.

Oa aoxoAnBolpe mapakdTw pe eVIOXUTIKA KUKAWPATA AuXVIWY TPIOSWYV, TETPO-
dwv kai mevrddwyv, kabuwg kai pe Tn olleutn Twv evioxuTikwy oTadiwv Auxviwv.

2.3.1 Evioxurikd xuxAwpara pe rpiédous.

H Tpiodog evioxUel To ofjua Tdoewg To omnoio epapudletan petall Tng oxdpacg
eAéyxou kai Tng kaBddou, 6mweg dpaiveral oto oxApa 2.3a. ZTo KUKAwPa autd, avri
pmarapiag (ox. 1.3%) xpnoiponoleital TpododoTikd 10X00¢ evalAacoduevou pel-
parog (E P) yia Tnv mupdkrwon Tou vijpatog. Ag unmoBégope 6T n mdAwaon mou
edpappbdleral ornv kGBobo eivar —BV kail 611 To afjpa eilcédou éxel péyebog 4V and
kopudf] o€ kopudr. Av To TpogodoTiké mapayer 150V (Z P ) kai n Tdon ornv avti-
oraon ¢opriou R eivar 100V, n téon tng Auxviag mpokimTel ion pe 50V, pe
epappoyf Tou vopou Kipkwd oro kikAwua e§d6dou. ‘OTtav To ofjpa eicbdou eivai
undév, n Taon oxdpag eivai ion pe Tnv Tdon moAwoewg —6V. Me Tdon —6V oTn
oxapa, ag urmoBéoope 6TI To pelpa mou Siarepvd Tn Auxvia eivar 10mA. H Tdon
¢opTiou Ba eivar 0,01 x 10,000 = 100V kai katd cuvéneia n Tadon Tng Auxviag 50
V. ‘Orav n tdon eic6dou auinBei oe +2V, n Tdon oxdpag Oa avéABel ané —6V oe
—4V. Me Tn oxapa Aiydtepo apvnTikii, au§dveral To pelpa Tng Auxviag amdé 10 mA
oe 12 mA nipayua mou ouvendyeral aténon Tng Tdoewg poptiou oe 120 V. H Tdon
eEdbou Tng Auxviag peiwveral érol and 50 V oge 30V (150V — 120V = 30V). H
avaiuon Tou kukAwpaTog Sivetal ypagikd oto oxfjpa 2.3B: étav n Tdon eigc6dou

-4V
-6V ’Q

Taon

oxdpag \Bv

0

10K
+2V e
Toy W‘ T s )
2v Loxuog
bV -
== I +
o l' I o
MNéawon

Iy. 2.3a.
EvioxuTiké kOkAwpa Tpid&ou.
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aukdveral and OV oge +2V oTto pépog (a), and +2V oe OV aTo pépog (B), and OV oe
—2V oTo pépog (y) kai andé —2V ge OV oTo pépog (8).

TuvoyilovTag, mapatnpolue 611 éva ofjpa 4V otnyv Tdon €10660u (ané kopudn
o€ kopudr) dnuioupyei éva ofua otnv Taon e§d6dou 40V (amd kopudr o€ Kopu-
on). Anhadn, o ouvredearijs eviaxuoews (amplification factor) eivai ioog pe 10.
levikd o ouvTeAeaTAS evioxUoews g piag Auxviag diverar amé Tov TOMO

fep (2.4)
Aeg
6rou Ae,, = petaBoAf oTnv Tdon avédou Tng Auyviag,

Aey = petaBoAr oTnv Taon oxapag Tng Auxviag.

p:

2.3.2 Evioxutikd KuxkAwpara TeTpodwv Kar mevrédwv.

‘Eva and Ta kipia mpoBAfuaTa mou enmpedlouv T Aerroupyia TpIGSWY Auxviwy
eival To paivopevo Tng dimAexTpodrakiis xwpnrikérnrag (interelectrode capacitan-
ce). H Omapén Tng xwpnTik6TNTAS auThs opeileTal oTo yeyovog 6T peTagl Tng avo-
dou, Tng oxapag kai Tng kaBbédou Tng Auxviag dnuioupyolvral, Adyw TNg YEWUE-
Tpiag Twv nAekTpodiwy, XwpnTikdTNTESG 01 oToieg BERaia éxouv pikpég Tinég. "OTav
n Auxvia Aeitoupyel ae pikpég ouxvoTnTeg, n SinAekTpodiakn xwenTikéTnTa S€ &n-
pioupyel mpoBAAuara. AvtiBeta, ge peydheg ouxvotnTeg (mx. padloouxvoTnreg
KAL) n XxwpenTikdéTATa QuTh dnuIoupyel TAAGVTWOEIG OTO EVIOXUTIKO KUKAwNA Kal
o€ opiopéveg epimrwoels, {evfn (coupling) petafl Twv onparwy eicédou kail €€6-
dou.

Ma va avripetwmoBei To mapamdvw pdRANUa avanTixOnke n TéTpodog Auxvia
pe TNV TPoaBRikn piag akéun oxdpag mou Aéyetal mpoguAaxTikiy oxdpa (screen
grid). H oxpa autr TomoBeTeital petakl Tng oxdpag eAéyxou kai Tng avoédou, 6-
nwg ¢aiveral oto oxAua 2.3y kai cuvABwce TpopodoTeiTal pe BeTikr TGoN PIKPOTE-
pn até Tnv Tadon avédou. H mpbéoBetn auTr oxdpa amoTeAei nAekTpooTaTiki aarri-
da petafl Tng oxdpac eAéyxou Kai Tng avodou, ou ouvTeAel oTn peEiwon TNg
SinAekTpodiakig xwpnTikéTnTag katd 100 ¢opég mepimou.

, Mpopuhantiw
Ixapa oxapa

EAEYXOU

Kadobog
Oeppavinpag

Ix. 2.3y.
ZupPohioubds Tetpbdou Auxvias.

Z1o oxAua 2.36 ¢daivetal pia TéTpodog g€ KUKAwMA evioXUTews. ZTNV TIpodu-
AakTikfy ox@pa epapudéleTar BeTik Tdon xaunAétepn amd auThv Tng avédou. Ta
nAekTpovia mou pelyouv amd Tnv kABodo eAéyxovtal amd Tn oxdpa eAéyxou, Omwg
Kal oTnv mepirmrwan Tng Tpi6dou, alAd avTipeTwrifouv Tn BeTik) TAON TNG PO U-
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Ix. 2.36.
Evioxutiké kikAwpa pe Térpodo Auyvia.

AakTikiig oxdpag kal emTaxivovTal pog Tnv dvodo Siamepvwvtag TNV poduAa-
kTikA oxdpa. "Evag moAl pikpdg apiBuds cuAAéyetar and Tn oxdpa kar emoTpédel
Héow TnG avTioTaoews aTo BeTikd MOAO Tou TpododoTikoU. H peydAn mAeiowndia
Twv nAekTpoviwv gulAéyetal ané Tnv Gvodo kai odelel Tpog TNV avrioTaon ¢op-
Tiou. H mepaitépw avdAuon Tou kukAwuarog eival mapbéuoia pe eKeivn TnG TPIGSOU
Auxviag.

H Térpodog éAuae To MPOBANpa TG SINAEKTPOSIAKIG XWPENTIKATNTAG KAl TIETUXE
peyahitepoug ouvTeleoTég evioxUoews amd Tnv Tpiodo, mapdAAnAa Spwg én-
pioUpynoe éva véo mpoBAnua.

H mapouagia tng mpoguAaxTikis aoxdpag pe Tn BeTiki Tdon emTaxlivel Ta nhe-
KTpévIa, mou petakivolvral and Tnv kGBodo mpog Tnv Avodo, oe BadBud WaoTe va
amokToUv uynAf KivnTiki evépyeila 6tav ¢BAvouv otnv dvodo. ‘Eva pépog Tng
evépyeiag auThg peTapépeTal péow ouykpoloewv ata nAekTpdvia mou Bpiokovral
péoa otnv Avodo. ‘Etol, opiopéva nAektpdvia amd autd mou BpiokovTal KovTa
ornv emddaveia Tng avédou, amokTolv APKETH KIVNTIKA evépyela kai eEépxovTal
andé Tnv dvodo, érnwg paivetal oto oxfiua 2.3€. ‘Evag onuavTikég apiBudg and au-
Ta Ta nAekTpodvia cuAAéyovTal amd Tnv MpoduAakTIKh oxdpa, mou eival BeTikd ¢pop-
TiIopévn, kai éTO1 HEIIVETAl O CUVTEAETTS evioXUoews. To paivépevo autd ovoud-
letal Seurepoyevijs exmopmi (secondary emission). Ma TRV QVTIHETWMOT TOU XPN-

"Avobog
el

N Aeutepoyevn
o o| o TMAEnTpPOVIA

) MNpowulanTixn
Iapd —m——— | == oxapa

EAEYXOU 1

N1jpa

Kd-9obog

Ix. 2.3e.
®aivépevo Seutepoyevolg exmopmiig nAexTpoviwv.
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Ixapa xataotokng

£ XAPA HATACTONTG

A

Ix. 2.30T.
Mévrodog Auxvia kai ol 0o oupBohopol Tng.

oipomoIROnke éva mpéoBeTo NAekTPOSIO, TIOU OvoualeTal oxdpa karaoToAr (sup--

pressor grid) kai mou odfynoe otnv mévrodo Auxvia. H oxépa karacTtoArfig diarn-
peital okémpa o€ pikpd apvnTIkG SUVapIKO, WOTE va eurodilel TN SEUTEPOYEVI EK-
ropt nAektpoviwy amd TV Gvodo. Ze opiopéves Auxvieg n oxdpa KaTaoToArg €i-
val ouvseSepévn ecwTepIka pe TNV KGBoso. Ze GAAeg undpxel e§wTepIki ouvdean
ave§apTtntn Tng kaBbdou. ITo oxAua 2.30T daiverar pia mévrodog Auxvia Kai ol
oupBoAiopoi ouvdéoewg Tou XpnaipomoliolvTal oTa KukAWwpara. H mévrodog ma-
péxel peyaAidTepn evioxuon and Tig Tpiddoug 1 TeTpddOUG.

OAokAnpwvovrag TV meplypadn Twv Auxvitv mou xpnoiporolouvTal ora Bio-
pNXavik@ nAextpovikd, avapépope 500 akdun Auxvieg. Tnv mévrodo 1oxdos - &6é-
oun¢ (beam - power pentode) kai Tn Auxvia «xkéumaxrpovy (compactron). H mévro-
8o¢ Auxvia 1ox0o¢ - éoung mepiéxel 00 €181kd mAakidia, Ta omoia kareu®Uvouv Tn
por] Twv NAEKTpoViwv PO pia ouykekpipévn emdaveia Tng avodou. Ta mAakidia
auté ovopdlovral mAaxidia oxnuanouou Séauns (beam forming plates) kai dai-
vovTtal oto oxfua 2.3%a) kai (B). To mAeovékTnpa auTig TNG YEWHETPIKAG KaTA-
okeufic TNg Auxviag eival 6T emTuyxavetar peyaAiTepn pofy pedparog péoa orn
Auxvia kal kat@ cuvérnela peyahlTepn evioxuon. :
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Ix. 2.3L.
MNévrodog 1ox00g Séoung kal «kdumakTpovy Auxvieg.

H Auyxvia exéumaxtpovy eivai Auxvia mou ouaiaoTikd mepiAauBavel Tpeig Auxvieg
oTo nepiBAnua Tng, 6mwg daiveral oto axfua 2.3L(y). TEAog onuelivope 6T oTa
evioXUTIKG KukAwpata uynhol képbdoug eival avaykn va mpooTtatelovTal ol Au-
Xvieg Twv Siapopwy EVITXUTIKWY oTadiwv, WoTe va armopelyovral utepPolikég
xwpnTikdéTNTES HeTal Toug Kal va pnv aAAnAo-emnpealovral and Tnv Unapén Twv
‘payvnTikwv Toug mediwv. Mpog To okomd auTtd yiverar mpooracia Auxviwv (tube
shielding) pe €18i1ka peTaAAikd kaAGppara mou TomoBetolvTal Mavw and Tn Auxvia
A Je €16ikd petarlikd mepiBAnua avti Tou guvnBigpévou yudAivou.

2.3.3 Zueuvin evioxurikwv oradiwv.

TuvABwe n evioxuon Twv NAEKTRIKWY onudTwy yivetal ye mepioocdTepa and éva
evioxuTikd otddia. H olvéeon Twv dilapdpwv evioxuTiKwy oTadiwy yiveral oe g€l-
pd, pe Tpomo woTe n éEodog Tou evdg va amoTelei Tnv €icodo Tou emduevou oTa-
Sfou. H oe ogeipd olvéean Twv evioxuTikWwy otadiwv ovopdletal oudevén (cou-
pling) f| radoxinij ouvéeon (cascade connection). Me Tn o0leutn Twv evioXuTIKWY
oradiwv emTuyxaveral BaBuiaia evioxuaon, Xwpig To evioxudpevo ofjua va udioTa-
Tal mapaudpewon (distortion). 1o oxfua 2.3n ¢aiveral o TPOTOG pE TOV Oroio yi-
vetal n ouleukn 800 otadiwv. To kikAwpa ouleliewg emTpémel Tn SiéAeuon TG
evaAlaoobpevng Tdoews avédou Tng mpWwTng Auxviag, evid amokAeiel Tn ouvexn
Téon V+ mou eivail otnv é§080 Tou mpwTou evioxuTikoU otadiou. Me kahooxedia-
opéva kukAwpata oculelEewg emTuyXaveTal Mpooappoyr Twv ouvBéTwy avTioTd-
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120V £1a6io 2
KUnAwpa
oUCEVEEWC
+10V
0
-10V+ — —
Ix. 2.3n.

Z0eukn &U0 evioXuTiIKWv oTadiwv.

Kuxhwpa
ouleuEswg

Iyx. 2.36.
Z0Ceuvin pe kUkAwpa RC &l0o evioxuTikiwyv oTadiwy.

gewv Twy §00 oTadiwv. To kikAwpa oulelewg pémel emiong va punv nmapouaialel
. peyaAeg amwAeleg 1ox00g. Yndpxouv Tpeig Bacikoi Tpémol ouleUEews EVIOXUTIKWY
oradiwv: o0levin pe kOkAwpa RC, o0leuln pe peraoxnpaTioT kal Gueon alleu-
&n.

H ouleuvén pe kukAwpa RC (RC coupling) xpnoiponoleitai o€ eVioXuTég TAOEWS
.QKOUOTIKWV ouxvoTATwy. ETo oxApa 2.30 daivovral 500 eVIOXUTIKG KukAwpara
nou éxouv ouleuxBei pe éva kikAwpa RC, To onoio amoTeAeital ané pia avrioTaon
R, ka1 éva ukvwtr C,. ‘Otav n téon €10650u 0TO MPWTO OTASIO YiVEl TTEPICTOTE-
po BeTikA, To pelpa amd Tn Auxvia mpog Tnv avrioTaon poptiou auddveral. H Taan
otnv avrioraon dopriou R aufdveral, evid ouyxpévws popTileTal o MUKVWTIG
oulettewg C,. Kara tn diGpkeia popTicews Tou C, péel pelpa mpog TNV avrioTaon
ouletEews R,, To omoio &nuioupyei Tdon pe MOAIkTNTA TTOU daiveTal oTo OXfAua
2.36. H tdon auth, mou eival apvnTiki Kai o€ dilapopd pdoews 180° wg mpog Tnv
Téon eic6dou, edapudletal oTn oxdpa eAéyxou Tng SelTepng Auxviag.

‘Orav n Téon eicbdou ndper apvnrikég Tipég (SedTepn nuimepiodog), n axdpa
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eAéyxou Tng mpwTng Auxviag yivetar Aiybétepo BeTikfi (mepiogbdTepo apvnTiki), HE
armoTéheopa va peiwBei To pedpa mou SioxeTelel n Auxvia mpog Tnv avrtioTaon
¢oprtiou. Meiwveral éTol n Taon ¢optiou V, kai kar@ guvéneia n Tdon avédou Tng
Auxviag A, yivetal mepioodtepo BeTiki|, ye amoTéAeoua To pelpa ou Siappéel Tnv
avtiotaon ouleliewg R, va éxel popd avtiBetn and auTr| ou daivetal aTo oxrpa
2.30. 0 nukvwrhg ouletiews C, dpoprileTal Twpa pe Tn BeTikA Tdon avédou Tng
Auxviag A,. H T@on mou epapudletar oTn oxdpa eAéyxou Tng Auxviag A, €ival Te-
pioobTepo BeTikA kai g€ diapopd pdoewg 180° wg mpog Tnv Tdon eicddou.

Avakedahaiwvovrag maparnpoldpe 611 n Omapén Tou MukvwTr) oTo KUKAWPa ou-
LeUtewg amokAeiel To ouvexég pelpa Tou épxetal and Tnv dvodo Tng MPWTNg Au-
xviag A, . EmTpénel dpwg oTo evioxupévo ofjpa evaAaoodpevou pelparog (EP)
va nepdoel and To mpwTo oTo SelTepo oTddio. O1 evioxuTég mou udioTavral ol-
Teukn pe kikAhwua RC mpoopilovral va Aeitoupyolv ge uwnAég mapd oe XapnAég
ouxvOoTnNTEG.

H ouleuén ue ueracxnuariori (transformer coupling) emTuyxaverar ye To KO-
kAwpa ou ¢aiveral oto axfipa 2.31. ‘Onwg BAémope, n mpwTelouoa mepiéAEN Tou
peTaoxnuarioT anoteAei Tn olvBeTn avrioTaon ¢opTiou yia TO TTPWTO EVIOXUTIKO
otdbio. H Seutepelouoa mepiéAiEn, pe Aqwn amd Tov KeEVTPIKO akpodEKTN TOU He-
TaoxnuarioT, ouleuyviel emaywyikd To ofjpa e§660u Tou MPWTOU EVIOXUTIKOU
otadiou otn oxdpa Tng emdpevng Auxviag A,. H emaywyiki o0leusn emTpémnel Tnv
evioxuon Tng Tdoewg Tou ofparog eicddou. Emiong, éTav xpnoipomoieital pera-
oXnNUaTioTAg Pe KeVTPIKG akpodékTn, undpxouv otn S1GBean pag do ofpara eo-
dou pe diadopd ¢6cewg 180° petatl Touc.

A2

f1abio 1 frabio 2

oulevEEwg

v+

Ix. 2.3
Z0Teukn &00 evioxuTikwv oTadlwv pe peTaoynuaTioTH.

MpoBAfpaTa oTa kukAwpara oulelEewg PpeETaoXNUATIOTWY MapouciGlovral 6-
Tav n ouxvérnra Aerroupyiag eivar upnAf, yiari augGveral n avrioTacn autenayw-
yAc. Emong, 6mwe yvwpilope, ol peTaoxnuaTioTég eival oykwaelg kal €Xouv uynAd
KOOTOG.

H péBodog Tng an” euBeias auleifews (direct coupling) eival n anmAoloTepn pé-
B0b0¢ ouvdéoews evioxuTikwv oTadiwv. ZTnv nepinTwaon auth, n é§060G Tou EvVOg
oTadiou cuvdéetal am’ euBeiag pe Tnv eicodo Tou emdpevou, Xwpig va pecolapei
kamolo kUkAwpa. H an’ euBeiag o0leutn xpnoipgomoleiTal KUpPiwg O€ TEPIMTWUEI
6mou n evioxuan viveral e Taxeia Xpoviki amokpion oTig XaunAég ouxvoTnTeg, f
‘0€e MepIMTWoEIS Tou adopolv evioxuon onudTwv cuvexols pedparog (ZP). ZTo
oxhua 2.3i1a ¢paiveral To kKOKAwpa an’ euBeiag ouleliewg 600 EVIOXUTIKWY OTa-
Siwv pe Auxvieg,
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Ix. 2.31a.
An’ euBelag olleukn 600 evioxuTikiv aTadiwv.

Naparnpolpe 671 To kKUKAwpa autéd xpeidletar Tpeig EeXxwpIoTES TPOPOSOTIKES
tdoeic (50 V, 60 V kai 150 V). Auté emTuyxaverai pe Tn xprion €161kol Tpopodo-
TIKOU To omoio mepiéxel avrioTdoeis diapporjs (bleeder resistors) mou evepyouv wg
SialpéTeg TAoEWS.

H péBobdoc Tng an’ euBeiag oulelsewg éxel S0o Baaikd pelovektApara. Mpwro,
yiati 0 apiBpéc Twv oTadiwv mou pnopolv va culeuxBolv pe autdv Tov TPOTO Ei-
val meplopiopévog kal dedTepo yiati kEOe mpdPAnua oTn AeiToupyia kamoiou oTa-
Siou petagpépetal evioxupévo oTa endpeva oTadia. To SelTepo mpdBANpa opeile-
Tal oto o7 To KUkAwpa mapouaialel peyaheg Suokohies oTaBepomolfaews.

2.4 Tpavliotop emdploews nediou.

‘Onwg avadépOnke otnv apxf Tou kepahaiou, uridpxel €va €181k6 TpaviioTop
nou Bpiokel epappoyég oe evioxuTikd KukAwpara, To omoio ovopdletal rpaviiorop
emépdoews nediou (Field Effect Transistor) i FET (ed-n-11). Zuvbéualel Ta xapa-
kTnpioTikG Tou TpavlioTop kai Tng Auxviag. ‘Omwg eidape, To TpaviioTop Kai N Au-
xvia éxouv avtioToixa mAeovekTApaTa kai pelovekTiparta. To FET eival éva oToi-
xeio Tou 8108éTel Ta MA€OVEKTAPATA Kal TwV U0 AUTWV NAEKTPOVIKWY e§aptnua-
Twv. AvTiBeTa pe To TpaviioTop, n AeITtoupyia Tou omoiou BaaileTal o€ 600 popeig
(nhekTpbdvia kai omég), kai TTou yia To Adyo auTd avadéperai kal wg SmoAé (bipo-
lar) oToixeio, n Aermoupyia Tou FET Baoileral oe éva pévo popéa, eite oTa nAe-
KTPOVIO €iTe OTIC OTéG, Kai yi' auTd To Adyo avadépertal wg povonmodiké Tpaviiorop
(unipolar transistor). ZTo oxfiua 2.4a ¢aivetal n pwroypadia evog FET. To FET
aroTeAeital and nuiaywyipo uAiké P-tamou kar N-timou. "‘Onwg BAénope éxel Tpeig
akpodékTes. O évag xpnoipormoleital wg eicodog amd omou eiopéel To pedpa OTO
FET kai ovopdlerar myyij (source). O 6eUTepog akpoSEKTNG XPNOIKOTIOIEITAl YIA TOV
éheyxo TS pofic NAekTpoviwv A Twv omwv péoa oto FET kai ovopdleral moAn (ga-
te). O Tpitog akpodékrng aroteAei Tnv é§odo Tou FET kai ovoupdalerar umodoxri
(drain). AvTiBeTa rpog Ta GAAa TpaviioTop, To FET eival aToixeio mou eAéyxel Tdon
kal 6x1 petpa. H karaokeur) evég FET ¢aivetar oto oxiua 2.4B(a). Zto oxfua
2.4B(B) daiveral o cupBoMiopéds Tou FET mou xpnaiporoleital o€ NAeKTPOVIKGE KUK-
Awpara.

To FET Aerroupyel wc eEAc: xwpig Tnv edpappoyr| Taoewg oTtnv moAN (ox. 2.4y),
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Ix. 2.4a.
Qwroypadia evde FET.
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Ix. 2.48.
Mewperpia kai cupBoMoudg Tou FET.

€vre

VB2,
@
10T\

et



31

Yroboxn
(4)

N

MU, — +
Ny J
(=)
Ix. 2.4y.
Pofy pedparog &14 péoou FET.
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FET pe apvnmikfy Tdon otnv moAn.

T0 pedpa Siamepvd To mupitio N-Timou émwg akpiBug dianepva pia avrioTaon. Me
N pori Tou pelpaTog ané Tnv Tnyf Tpog Tnv urodoxr, SnpioupyeiTal pia Taon pe-
Tak0 Twv 800 AUTWV aKPoSeKTWY. Av 0Tn ouvéxeia edpappoaBei pia apvnTikA Taon
otnv moAn, dnpioupyeital nAektpooTarikd medio, dmwg daivetar aTo oxApa 2.46.
AuTé éxel we amoTéAeapa va epnodioTei n SiéAeuon Twy nAekTpoviwy péoa and To
N-TOrou kavaAl Tou FET, amé Tnv epuddvion avriotdoews. H avriotaon auTr éxel
NAEKTPOOTATIKA Hopdr emeldh Ta nAekTpdvia katd Tn diéAeuor| Toug armd To Kavahi
anwBolvral and To apvnrikd nAekTpooTartikd medio mou dnuioupyeital pe TNV
edappoyf apvnTikig Téoews oTnv mOAN. H mepioxi Tou uAikoU N-TUmou 6rou &n-
pioupyeital To nAektpoaTatikd medio, ovopdletal meproxr karaxevioews (deple-
tion area), To 8e péyeBog Tng MepIoxfg eival avaAoyo Tpog To HéyeBog TNG TATEWS
mou edapudleTal ornv TOAN.
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Ix. 24e.
EvioxuTiké otadio pe FET.

O pdhog Tou FET wg evioxuTikig cuakeurg ¢aivetal oTo KUKAwPa Tou oxAHa-
106 2.4€. To mpog evioxuon ofua Taoews edpappdlerar otnv OAN (G). H mepioxn
KaTakevwaoewg kai n avrioraon Tou FET otn &iéAeuan pedparog, eAéyxovral and
Vv Tdon auth, n onoia napéxel avaorpodn MOAwon otn cuokeur. ‘ETal, pe pia
OXeTIKA pikpn Taon atnv mOAn, YelwveTal onpavtika n Taon petafl umodoxng Kai
myns (Upg) pe amotéAeopa va augnBei avrioToixa n Tédon otnv avriotaon
doprtiou R, yeyovdg mou mapéxer Tnv emBupunth evioxuon.
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KEQDAAAIO TPITO
TAAANTQTEZ

3.1 levikd.

O nAekTtpovikbg radavrwrijs (electronic oscillator) eivalr kOkAwpa Tou mapayel
evaAAaoobpevn Tdon, pe ouxvoTnTa mou kaBopiletal and Tig CUYKEKPINEVES TINES
TWV XPNOIMOTIOIoUHEVWY OTO KOKAWHA NAeKTPIKWY oToixeiwv. O TahavTwTrg prmo-
pel emfong va BewpnBei wg yevvhTpia PHeTATPOTG CUVEXOUg o€ evaAAaagadpevn
Taon, emeidf To KOKAwpa Tou TaAavTwTi TpododoTeiTal e guvexn Taon.

Ta evalaoobueva ofjuara éxouv ndpa moArég edpapuoyég. Mia moAl yvwoTh
epappoyf Toug eival autr] oTo «pAagy Tou auTokiviTou. To NAeKTPOVIKO opyavéTo
eniong xpnoipomnolel TAAAVTWTES yia TNV mapaywyr Houoikwy Axwv. To pépov K-
pa mou rapdyetal oto padiodpwvikd oTabud kal peTadépel TIG NAEKTPOVIKES «TTAN-
podopiegy amdé To oTaBud oToug SékTeg Twv padlopwivwy pag, €ival kal autd
mpoi6év TahavTwTr. Kai To pavTtap, emiong ekméprel katd Tn Aeitoupyia Tou kdpata
mou mapdyovral amd TahavTwréc.

AEilel va onueiwBei 6T 0 nAekTpovikdg TaAavTwThg €xel TNV IKavéTNTA va TTapa-
yel TahavTwoelg pe ouxvoTnTeS TTOAU UWNAGTEPES and auTég TTou TapdyovTal amd
TIC MEPIOTPEPOPEVES YEVVATPIES, OI OTToleS, wg yvwoTo, amoTeAolv nAekTpikd TUTO
TaAavTwTH.

3.2 Baoikoi Tahavtwrég LC.

H evaAaocobuevn Tdon mou napdyetal and éva TaAavTwTi Uopei va éxel S1d-
dopec popdpéc. H mo ouvnBiopévn eival n nuITovoeidhg popdri, akAd urnidpxouv kai
pHopdéc KUMATWY un - nuiTovoeldwyv. Opiopéves popdéEg KUPATWY TAAQVTWTWY
¢daivovral oto oxfua 3.2a.

O amAoloTepog TahavTwTig pe nuitovoeldry éodo eival To kUkAwpa LC (pe au-
Tenaywyn L kal mukvwrh C), mou ovopdaletal amo@nkeuriné kukAwpa (tank circuit),
eneldA €xel TNV IKavOTNTa va anodnkelel evépyela pe popdi mediou oTov MUKVWTH
Kal oTnV auTemaywyn.

Mpiv mpoxwpfoope oTnv mepiypadri Tou Tahavtwrh LC, efvar amapaitnTo va me-
plypayope To Baoiké kikAwpa kGBe TahavtwTh, mou ¢aivetal oTo oxfina 3.2 kai,
onwe BAémope, anoteAeiyal amd Tpia eni pépoug kukhwpara. Tn yevvijTpia kiparos
(wave generator), Tov evigxuTi Kai To kikAwua avarpogodorioews (feedback cir-
cuit). H yevviiTpia Tou KiuaTtog mapdyel To KOpa Kai eAéyxel Tn ouxvoTnTa Tng Ta-
AavTwoews. To kOpa mou mapdyetail eival moAd adivaro yia va xpnoigomoinBei kal
éta1 eig@yeTal o evioxuTrig Tou akoAhouBei. H avarpogpoddTnan Tng e§d6Sou Tou evi-
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Ix. 32a.
Huirovoeideig kai pn - nurovoeideic ékodor TahavTwTuv.
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Ix. 3.2p.
Baoikd kUkAwpa Tahavtwr.

oxuTh] oTnv eicodo Tng yevvATpiag eival amapaitnTn, yia va diatnpeital To nAdrog
TNng TahavTwaoews otaBepd. Xwpig avatpododdTnon, To MAATOg TNG TAAAVTWOEWS
pelwveTal oTadiakd yia Toug Abyoug mou Ba SoUpe OTn CUVEXela.

To kOkAwpa Tng vevvATpiag kOpartog evog Tahavtwrr LC ¢daiveTar oTo oxnua
3.2y. H evépyeia oto kOKAwpa mapéxetar and tn umarapia V. Ze mpakTikd ku-
kAwpara TaAavTwTwy, n NAeKTPIK evépyeia MpoépxeTal amd KAMoIo eviaxuTh, amd
avréva kAm. O &imoAikbg S1akoTTNG XPnoidelel yia va ouvoEel Kal va armoouveEel
nepiodika Tn pnarapia kai To kikAwpa. Me To &diakértn otn Béan B [ox. 3.2y(a)],
n unartapia ¢optilel Tov mukvwTr C. Ta nAekTpdvia and Tov apvnTikd mOAo Tng
umarapiag odelouv kai gpopTilouv To KaTWw TAGKISI0 TOU MUKVWTA. AUuTO éXel wg
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Ix. 3.2y.
doprion kar expdpTion Tou mukvwTh C oTn yevvATpia Tou TaAavTwrh.

ouvémnela va ¢piyouv nAektpdvia amd To mavw TAakidio Tou TTUKVWTN Kai va YeTa-
Bouv oTo Betikd mMOAO TG pmarapiag.

H pof Twv nAekTpoviwv ouvexileTal péxpig 6Tou n Taon Tou mukvwTh e§lowBei
pe Tnv Tédon V tng umarapiag, onéTe malel n ¢OPTION TOU TTUKVWTH Kal n por Twv
nAekTpoviwv otapartd. Z1o KUKAwa autd petapépetal NAeKTPIKN evépyeia and Tn
unarapia oto kOkAwpa LC.

H taAdvtwon emtuyxavetar weg effic: 6tav o Siakoémrng €NBel otn Béon A
[ox. 3.2y(B)], n autemaywyn kAeivel To kikAwpa LC kai, Abyw Tng HIKpAg avTioTda-
oewg, ekpopriletal eGkoAa o mukvwThg. Katd tnv ekdpopTion, nAektpdvia dpelyouv
and To apvnTikd mAakidio, Sianepvolv Tnv autemaywyn L kai cuAAéyovtal oTo Be-
TIKO TAaKiS10 Tou MukvwTr. H por Twv nAekTpoviwy and Tnv auTemaywyr mapdayel
payvnTikd medio 6mwg ¢aiveral aro oxfiua 3.2y(B). ‘OTtav ohokAnpwBei n exdpdpTI-
on TOU MUKVWTA, To payvnTikd medio, mou eival yipw améd Tnv auTemaywyn kai dia-
mepv@ Tig oTeipeg Tng, Katappéel avanTiooovTag pia enaywylkn Taon. Adyw Tng
Taoewg auThg amoomwvTal akbua mepiogdTepa NAekTpovia amd To KaTw TmAakidio
Tou TTUKVWTA Ta omoia SiépyovTal Héow TNS auTeTaywyng Kal cuAéyovtal oTo Tid-
vw mAakidio Tou mukvwTr. Anuioupyeital éTal mAedvaopa nAekTpoviwv oTo mavw
mAakidio Tou ukvwTh (apvnTiké popTio) kai EAAeIwn nAekTpoviwv oTo KATW TTAGKI-
510 (BeTik6 PpopTio) 6Mwg daiverar aTo oxfpa 3.26(a). Metd Tnv avaoTpodn auTn

MayvnTi 0
mebio
= P
I‘l']lp.u z.h.p'a '.-f .
eEobov gkobov
[ } L . :"\‘ :
B c — : 7 L
N
\
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Ix. 3.26.
Anpioupyia mAeovaoparog nAekTpoviwv oTo mavw nAakidio kai emavainyn ekGOPTIOEWS TOU TTUKVW-
™.
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dbépTIoN, 0 TUKVWTAG apxilel va ekdopTileTal pe avTioTpopn pof nAexTpoviwy, 6-
nwg daiveral ato oxApa 3.26(B). H porl nAekTpoviwv amd Tnv autenaywyr én-
pioupyel kai maAi payvnriké medio yupw amd Tn omeipa. ‘Otav oAokAnpwOei n ek-
®bépTion, To medio karappéel AN dnuioupywvTag emaywyiki Taon, n oroia armo-
on@ 6Aa Ta nAekTpoévia amd To mavw TAaKidio Tou MUKVWTHA Kai Ta peTadépel péow
Tng autemaywyng [ox. 3.28(B)] oTo k&Tw mAakidio Tou MUKVWTH. Anpioupyeitar é-
To1 MAebvaopa TAekTpoviwv oTo kaTw TAakidio Tou mukvwTh (apvnTiké dopTio) kai
éNeyn nAekTpoviwv oTo ndvw mAakidio (BeTikd dpoprtio). H diadikacia popTicews
Kal ekdopTticews Tou MukvwTh e§akoAouBei mepiodika.

Av dev umfipxe kaB6Aou avrioTaon oTo KUkKAwWa, n evépyeia Ba evahhagodTav
petafl Tou TukvwTh (NAeKTPIKA evépyela) kal Tng auTemaywyns (HayvnTikh evép-
yeia) kai n TaAdvrwon Tou ofjparog eEddou Ba Siatnpoloe oTaBepd mAGTog. MNav-
ToTe Opwg umdpxel, éoTw kai pikpr avrioTaon oto kUkAwpa, n omoia diaxéel Tnv
evépyela oTadiakd, kard Tnv evaAhayf Tne petakl Twv duo oToixeiwv L kai C Tou
KukAWpaTog,uéxpic 6Tou efapavioBei Teheiwg. H avrioToixn TaAdvrwon Tou peld-
parog ¢Oivel oe ouvaprnaon pe To xpdvo 6mwg daiveral oTo oxfpa 3.2¢, kai yI' au-
T6 ovopdletar amoofnvouevn (damped).

Miatog - /Emﬁmmﬁ pelwon TAATOUG
S
1 A h—_ P *—_—;_3i
\/ \_/ N— Xpovog
Ix. 3.2¢.

Anbofeon TahavToewg Adyw avTioTaoewsg oTo KUKAwWGA.

Ma va avripeTwmoBei n andoBeon evépyeiag kai va diarnpnBei oTaBepd To €l-
pO¢ TN¢ TaAavTWoEews, avatpododoTeital oTnv eicodo TNg YEVVIATPIAE TO EVIOXUUE-
vo ofjpa and Tnv é§066 Tng ocludwva pe To Sidypappa Tou oxnuarog 3.2B. To ko-
kAwpa avarpododoTtiigews emAéyetal €Tol, WoTe Ta ofpara Tng e§6dou Tou €vi-
oxuTh pe Tnv eicodo Tng yevvATpiag Tou TaAavTwTh va eival o€ ¢don oTo onueio
aBpoigetig Toug. ETnv mepitTwaon mou d0o ofpara eival ekTdg PATEWS OTO ONUEIo
aBpoiogelig Toug, emTeiveTal n andéoBeon Tng TaAavTwoews Kai To cUoTnpa Nadel
va Aeiroupyei wg TaAavTwTAg.

To kGpio epwTnua eivar mwg npoadiopileral kai mwg pubpileTal n ocuxvoéTNTa
Tng TaAavTwoews. H andvrnon eivar anAf. Ané Tig Tipég Tng autenaywyng L kai Tng
XwpnTikéTnTag C Tou mukvwTh. H paBnpariki oxéon petafd tng ouxvoTnTag Tng
TaAavTwoewg Kal Twv d0o mapapérpwy L kai C eival

1

2m/LC
6mou f, = n ouxvérnra guvroviouod oe Hertz (Hz) (resonant frequency)
m = 3,14 (oTaBepd)

L = autenmaywyf) oe Henries (H)
C = xwpnrikétnTa oe Farad (F)

f, = (3.1)
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H pGBuior Tng TIWAg TNG ouxvéTNTAg ouvToviopoU yiveral pe peTaBoAn Tng Ti-
pfg TNG auTemaywyAg A Tng TIEAG TNG XxwpenTikéTNTAS, OCUNPWVA HE TN padnuarikn
oxéon (3.1). Ze opiopéva anoOnkeuTika KUKAWpaATa xpnaiporoleital peTaBarAope-
vn autenaywyn, n omoia amoteAeitar ané éva nvio ye pia opokevTpik papdo, mou
KiveiTal ané xivaripa auréparov auvrovicuod (slug tuned coil). Ze GAa KUKAWHa-
Ta xpnowponoleital peTaBANTOG MUKVWTAG.

3.3 TaAavrwriis Armstrong.

01 8iGdopol ToTol TaAavTwTwy Siakpivovral and To €181k KUkAwua avarpodo-
SoThoews ou Xpnaiporololy. ‘Onwg eidape, évag TahavTwTAg €XEl TPIA KUKAWHA-
ta. To kKOKAwPa YeEVVATPIAg, TTou ouvilBwg eival To amoBnkeuTikd KUKAwpa (tank
circuit), Tov evioxuTrj kai To KUKAwpa avatpopodoTioews. ZTo oxfpa 3.3a mapou-
oiGletar To Aeiroupyikd Sidypappa Tou TaAavTwth, érou n €§080g TNG YEVVATPIAS
evioxUeTal, avaoTpédeTal kal avatpopodoTeital oo anolnkeuTiké kikAwua LC.

KUxAwpa
\J avatpogoboTioeug /\ AVOOTPARHEVO

/_\ \/ v onua

-

LCIAtto{}nw:u- U ' 'EEobog
TIRO HUHAWpa | Evioxutic L £y
(Fevvitpua) U
Ix. 3.3a.
AeiToupyikd Sidypappa TahavTwTh.
77N = o
\

/ \ K\wwpa ,

[ \\ avatpowoboTnoswg
I
I |
I | .
I Mayvqtno ! og
[ neﬁy'm : B C ' talaviwth
11 [ Tpavliotop
\ I'ev\;mtpm EVayuERS <

y & I T

\ ]

\ /

\ L l l op

Ix. 3.3p.
Tahavrwriig Armstrong.

O radavrwrijc Armstrong (‘ApuoTpovyk) xpnoiyomolei éva mnvio dieyépoews
(trickler coil) oTo kUkAwpa avaTpododoTioews. ETov TAAAVTWTA auTd, mou daive-
Tar oTo oxApa 3.3B, To nnvio dieyépoews L, eival n mpwrelouaga omeipa evog pe-
TaogxnuaTtioTh. H deutepelouoa omeipa L, Tou peTaoxnuaTioTh eival n auTemayw-
vy Tng yevvATpiag LC. H nAekTpikn evépyeia Tou nnviou dieyépaewg L, avatpodo-
Soteital oTn yevvATpia Siapéaou Tou payvnTikoU mrediou pe moAl amodoTikd Tpod-
mo. H tédon nou avarnriooeral €§ emaywyfg otn oneipa L, eival oe diapopd da-
oewg 180° and tTnv Taon otn omeipa L,. H tdon 6pwg Tng mpwrelouoag omeipag
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L, eival kai auT) 180° ekTdg hhoews amd Tnv €Eodo TNng yevvATpiag, eNeidi o evi-
oxutfis avaoTpédel To ofjpa eicddou Tau. ‘ETol, n Tdon avarpododoTiicews aTo
nnvio L, eivai oe ddon pe Tnv Téon e§d6dou Tou amoBnkeuTikol KukAwpaTtog LC, 6-
nwg emBaMeral va eival yia va anopeuxBei n amdoBeon TnNg TAAQVTWOEWS.

MNa ™n ocwoTh Aeiroupyia Tou TaAdavTwTthi Armstrong mipémel va epappoaBei n
owoTA méAwaon petall Tng yevvATpiag kal Tou evioXuTr. H méAwon autr edpapud-
{etai peTafl Badoewg kal exkmoumol Tou Tpavi{ioTop Kal emMTPENEI OTOV EVIOXUTH va
rapapével ekTég KUKAWPATOG, péXPIg 6Tou o TaAavTwTig SieyepBei yia mpwTn ¢o-
pd. H ouvoAikf evépyeia mou avaTtpododoTeiTal oTo KUKAwWWa Tng yevvhTpiag e§ap-
Taral and Tnv méAwan mou edpapudleTal petall Baoewg kai exmmoprrol Tou Tpavdli-
aTop, kabwg kai and To Abyo onelpwv Twv L, kai L,. H ouxvérnTa Tng Tahavrw-
gewg puBpileral amd To petaBAnTd mukvwTh C,. ‘Otav peiwBei n xwpntikéTnTa C,,
n ouxvéTnTa Tng TaAavrwoews aviaveralr clpdwva pe Tn oxéon (3.1). O delTepog
mukvwTig C, oTo kikAwpa eival kar autég peTaBAnTog, ouykpiTikéa de pe Tov C,, é-
X€l oAU pIKpA TP XwenTikdéTnNTag Kai Xenaiyeler yia Tn AenTh pUBuIon Tou ouv-
ToviopoU Tou KukAwpartos. O mukvwTrg autdg Aéyetal BonBnrikés mukvwriig (trim-
mer capacitor).

3.4 Tahavrwrrig Hartley.

01 radavrwrés Hartley (XaptAel) éxouv moAAég epappoyég oe Biounxavika
nAekTpovikd kukAwparta. O Timog auTdg TaAavTwTh XProIPOTIOIE] TO HayvnTIKO TTe-
&io (6rmweg kar o TahavTwTAg Armstrong), yia va avatpododoTroel eVEPYEIQ OTO
kOkAwpa Tng vevvrTpiag. EidikOTEpa, XpnNOIPOTTIOIEITAI €VOAG QUTOUETATXNUATIOTIS
(autotransformer). ‘Otav To pelUpa diamepvd Tnv MpwTelouoa oTiEipa Tou, To én-
pioupyolpevo payvnTikd medio avarmriooel pia Téon €§ emaywyng otn SeuTe-
pelouoa omeipa, n onoia éxel peyaAlTepo péyeBog and Tnv Tdon mou epapudleTal
oTtnv mpwrelouoa omeipa.

Z1o oxfua 3.4 ¢aivetal To kOkAwpa TahavrwTA Hartley. To ano@nkeuTikd KU-
kAwpa amoTteAeital amd Tn deutepelouoa oneipa L =L, + L, Tou autopeTraoxnua-
TioT kai and 1o petaBAnté mukvwth C,. H TaAdvtwon mou mapdyertal oTto kU-
khwpa LC tpododoteital oTov evioxuTthi. "Eva pépog Tou evioXUpéVOu O paTog
avarpododoTeital oTo amoBnkeuTikd kUkAwpa péow Tou TukvwTh C, yia va diatn-

FeEvvNTIpa TOAQVTWOEWS ~— o
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ﬂ
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Ix. 3.4. v
Tahavrwriig Hartley.
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pnBei oTaBepd To MAGTOg TNS TahavTwoews. H mpwTedouoa omeipa L, Tou auTo-
peTaoxnuaTioT ouvdéetal pe TNV €icodo Tou TpavlioTop kai To ofjua TaAQVTW-
oewg SloxeTeleTal oTov evioxuTh and Tn omeipa L,. H avriotaon R mapdyer tTnv
néAwaon oto TpaviioTop. O mukvwtrg C,, péow ToOu omoiou yiveTal n avatpododo-
Tnon, avarpododoTei To evaAAacobuevo PéPOg TOU ORPATOG EVW arfokA€iel To ou-
vexéc. H Tdon avatpododotricews epappbdleral oTnv mpwrelouoa oTeipa Tou au-
TOpETAOXNUATIOTH, Ye ouvéneia va mapaxOei payvnTikd medio, péow Tou omoiou
avarriooetal Tdon €€ emaywyric oTn deuTepeliouca oTeipa Kal evioxuon Tou off-
patog Tahavtwoews. H Siadopd ddoews petafl Tou ofparog TaAAQVTWOEWS Kal
Tng €E6dou Tou TahavrwTh eivar 180° Adyw Tou evioxuTh.

3.5 TalAavrwriig Colpitts.

Itov radavrwrij Colpitts (K6AmiTg) n oGleuén Tou evioXuTi He TO amoBNKEUTIKO
kOKAwpa yiveTal péow Tou TTUKVWTH TOU amoBnkeuTikoU KUKAWHATOG Kal 6X1 HEow
NS auTemaywyng, 6mwg oTnv mepinTwon Tou Tahavrwti Hartley. E&W n autena-
ywyR eivarl eviaia, evid o mukvwTrg Siaipeital o€ 0o pépn ouvdedepéva oe oelpd.
1o oxfjua 3.5 ¢aivetal To kKUkAwpa Tou TaAavtwrh Colpitts.

Cs c

VRN 4 %o ey '
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Czamt Avatpowobotnon : -
e = Tipa P
— I' Tina E P na
AmodmrevTine )
WUHAWUEA =
( FevvTpia TAAAVIWOEWS ) Ix. 3.5.

Tahavtwrrig Colpitts.

H yevvATpia Tng TahavTwoewg amoteAeital amd To amoBnkeuTikd KUkAwpa LC,
6mou

c,C,

TCLHC
0 mukvwThg C, ouvdéetal oTnv €icodo Tou evioxuti péow Tou C; evw o C,
ouvdéetar otnv éEodo Tou evioxuTr) péow Tou C,, 0 omoiog emTpéEmEl TNV avaTpo-
¢0oddTnon otn yevwATpia pévo Tou EP (evaAlaoodbduevou pelparog) Tou orparog
e£68ou Tou evioxuTi. H avrioTaon R mapdyer maAl Tnv Tdon noAwoewg oTo Tpavii-
oTop. Kai oTnv nepinmrwon auth pe avarpopoddtnon avanriooeTal mpooOeTn Ta-
on otov mukvwTh C,, ye TNV omoia avarmAnpuwverai n evépyeia mou diaxéeral oTo
anmoBnkeuTikd KOKAwpa kal utepvikaral n andéoBeon Tng Tahavrwoews. H ouxvo-

TnTa Tng Talavtwoews pubpiletar amd Toug petaBAnTols mukvwrég C, kai C,.

(3.2)
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3.6 TaAavrwriig kpuoTaAdou.

Opiopévol kpuaTahhol, 6mwe m.X. kpuoTaAAol xaAadiou, TouppaAivng kar aAaTwy
Rochelle, 6tav utoBAnBouv oe duvapiki mieon epgavifouv nAekTpikad popTia Kov-
TG oTig emdavelég Tous. To paivouevo autd ovoualetar melonAexrpiné parvépevo
(piezoelectric effect) kai mepiypdderar mapaocrarikd oto oxfpa 3.6a.

‘Orav n nieon epapudleral oo ndvw pépog Tou kpuaTaAAou, dopTia avTiBerng
roAikdTnTag cuykevTpwvovTal oTig amévavt kaBeteg emdaveies. ZTnv apioTepn
emddavela palebovral Ta apvnTikd poptia kar orn de§id Ta BeTikd. ‘OTav n mieon
epapuooBei ornv avtiBern mAeupd, n moAikéTnTa TNg dnuioupyolpevng TAOEWS
avTioTpédeTal.

To paivépevo méogews - TAgEWS aToug KpuoTaAAOUg auToUg eival avaoTpéWipo.
‘Orav, dnAadif, epappooBei pia Tdon peratl Twv katakopUdwv eMPaveIwv Tou
kpuoTtdAAou (ox. 3.6a), avarrriooeTal ieon oTig eykAPOIES EMPAVEIES TTOU TIPOKA-
Aei avrioToixn perarémon. Av Twpa o kpUloTaAhog TomoBeTnBei o€ pia €161k umo-
doxn, péow Tng omoiag va pmopolpe va epapudiope Taon EP, TéTe 0 kploTailog
Ba apyiocel va n@Aetai ye ouxvoTnTa ion mpog Tn cuxvéTnTa Tng epapuolodpevng
Tdoews. H TaAdvtwon Tou KpuoTaAAAou peyioTonoleital, 6Tav n Taon mou epappod-
letal oTig emdAvelég Tou €xel HIa OUYKEKPINévn ouxvOoTnTa, n omoia ovopdaleral
ouxvornra cuvroviouod (resonant frequency) Tou kKpuaTdAlou.

Troug TahavTwrég KpuaTaAAou yivetal xprion avatpododoTigews Tng TaoEwg
€fd6dou, yia TNV Mapaywyn SOVACEWV OTn XAPAKTNPIOTIKA CUXVOTNTA TUVTOVI-
opol Tou kpuoT@AAou. QuaoiaaTik@, n Taon auTi eAéyXel TN ocuxXvoTnTa OTNV onoia
Aeitoupyei To kKUkAwpa Tou TaAavTwTh. Emeidf &€ n ouxvoTnTa TnNg TAoEwg TOU

napdyetail and Tov KploTaAlo eival oTaBepr, Ta KukAWpaTa autda xapakrnpifovral

ané peydAn euot@Beia ouxvoTnTas. MNa To Adyo auTtd, o1 TahavTwTég KpuoTaAAou
eival amapaitnTol ge KUKAWuara eAéyxou ouxvoTnTag peyding akpiBeiag (mopmolg
padiopvou Kal TnAeopdoewg, pavrdp, TNAEPeTpia KAm.).

MoAd yvwaTh &iaragn eival o radavrwrijs Pierce (Mnpo) mou ¢aiveral oTo oxf-
ua 3.6B. Atilel va mapartnpnBei 6T o kpuoTaAlog éxel avTikataoTrioel To amobn-
keuTiké rmvio (tank coil) Tou TaAavTwTh Colpitts. To umdAoimo kikAwpa eival ekei-
vo Tou TahavTwTh Colpitts. ‘Otav n mavw mAGka Tou kpuoTaAAou éxel apvnTikd
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Ix. 3.6a. Mieom
MelonAexTpikd daivépevo.
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Avatpopobotnam
Ix. 3.68.
TaAavrwTfig kpuoTdMou Pierce.

¢optio kal n kKGtw mAdka BeTikd (ox. 3.6B), o kpUoTaAllog petatomileTal Tpog Ta
apioTepd, yeyovog ou Siapkei 600 To mpwTo nuIKUKAIO TNG TaAavTwoews. KaTtd To
SelTepo nuikOkAIO TNG TaAavTWaoews, 0 KpUoTaAAog kiveiTal pog Ta 6e§id kai Ta
¢doprtia oTig mAdkeg avTiaTpédovTal, SnAadi n mavw mAdka Tou KpuoTAAAou eival
OeTikG popTiopévn evid n KaGTw MAGka apvnTikd. To paivouevo autd mpokalei ald-
&non Té00 Tng Tdoewg e§650u Tou TpaviioTop 6oo kal Tou avaTtpododoTikol pel-
parog mou SloxeteleTal aTn yevvATpIa TAAQVTWOEWS péow Tou TUkvwTh C,.

O ouvbduaopbs Twv nukvwtwv C, kai C, dpa wg diaipérng Taoewg, n &€ Taon
kpuoTdAou mou avanriooeTal oTov nukvwTh C, Tpododorteitar ot Bdon Tou
TpavlioTop. To kOkKAwpa autd diatnpei Tnv TaAdvTwan Tou KpuaTdhAou oe ouxvo-
TnTa mou kaBopileTal andé Tn ouxvéTnTa cuvToviopoU Tou KpuoTAAAou Kai amd TNV
OAIKR xwpnTikéTATA TWV TTUKVWTWY C, kai C, oge ceipd. Emeidi n ouxvoérnTa Tou
kpuoTdAhou ennpedletal and Tn Bepuokpacia Tou mepiBdAlovTog, oI kpioTallol
kAeivovral oe BaAGuoug oTaBepric Bepuokpaaciag mou AéyovTal eories kpuardAAou
(crystal ovens).

3.7 Movoenagiakés Tahavrwrri.

O povoemagiaxds radavrwrijs (unijunction oscillator) BacileTtar oTo povoena-
$1aké TpavlioTop mou avayvwpileTalr oe nAekTpovikd oxédia and Ta apyika UJT.
To UJT eival kataokeuaopévo amd nuiaywyigo uAiké ge Baon To nupiTio. 1o oXA-
pa 3.7a napouaidlerar n douf Tou oToixeiou pali ye To oluBoAo Tou XpPnoiyo-
noleital oe nAekTpovikd oxédia. Emeidn To povoemadiakd TpaviioTop éxel S0o Ba-
oeig, avapépetal oe BiBAia kal wg diedog dimArjs Bdoews (double - base diode). To
TpavlioTop autéd amoTteAeital and éva kopudt mupitiou N - TOMou, oTo omoio éxel
mpoaTeBei éva pikpbd kouudT and kpdua apyihiou P - Timou.

‘Evag akpodékTng, auvdedepévog pe To P - TUmou uAikd, amoTeAei Tov ekmounéd
Tou oToixeiou. To N - TOmou UAIkG éxel U0 akpodékTeg mou amoTeAolv Tig Baoeig
B, ka1 B,. H wpikr avriotaon petafl Twv 0o Bagewv, 6Tav o exmoumog eival
aolvéeTog, Kupaiverar petafl 5 kar 12 KQ. To povoemagiakd TpaviioTop éxel
ebapuoyég o€ kukAwpara xpoviopou (timing circuits), oe mTaApoyevvATpIES, T€ TTO-
AudovnTég kal ge peTpnTéC.
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Ix. 3.7a.
To povoemagiakéd TpaviioTop.
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Ewgobog Ve uJT ‘EE0bog (Ttpug @opTio)
R,

Ix. 3.7.
To UJT oe kixAhwpa yevikig edpappoyns.

MNa ™ Aerroupyia Tou UJT edappdletal pia tdon Vgg ortn Bdon B, péow tng
avTioTdoewg R,, evy n Bdon B, yeiwveral péow Tng avriotaoews R, (ox. 3.7B8).

To Tufjpa Tou uprtiou &pa wg diaipéTng TAgews, €101 WoTe éva kKAdoua Tng Ta-
oewg petaku B, ka1 B, va epappblerar petakl ekmoumol kai B,. To kAGopa autd
oupBoAileral pe To ypaupa i kai ovopdaletal evéoyevijs Adyos igoppomiag (intrinsic
standoff ratio).

H tdon eicddou Vg edpappbdleral petall exmopmol kai yeiwoews. ‘Otav n taon
exmopmol - yeioews eival Aiyétepo BeTiki) amd Tnv Tdon exmopmou - Baoewg B,,
n emadn P - N eival moAwpévn avaoTpoga. Me Tig ouvBiikeg auTég, To pelpa oTo
KUKAwpa elc6dou eivar undév, evy To pelpa mou Sianepvd To KOUPATI TOU TIUPI-
Tiou (petatd B, kai B,) dnuioupyeital amokA€eigTikG ané Tnv kivnon nAeKTpoviwv.
‘Orav n Tdon eic68ou peTaBAnOei Kal UTTOXPEWOTEI TOV EKTTOUTIO Va Yivel TTEPITOG-
Tepo BeTIkAS Wg TIPOG TN Yeiwon, mapd wg mpog Tn Bdon B,, otnv emadn P - N ava-

mréooeral néAwon opBf¢ popdc, pe amotéleoua onég va odeldouv amo 1o P - pé--

pog oto N - pépog Tng emadrig kai va Siaxéovral mpog Tn Baon B,. Eival eukohAo-
vonTo 6T évag apiBu6g oy katalapBaveral and éva avrioToixo apiBud nAekTpo-
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viwv, mou apBovolv oto N - pépog, evid évag avTioToixog apiBudg NAeKTpoviwy
eigépxeTal oTo nupitio and Tn Baon B, yia va diatnpnBei n oudeTepdTnTa dopTiwv
péoa ato N - pépog Tng emadric. H por auTti pelwver onpavTik@ Tnv avrioTaon pe-
Taf0 exnopnol kai Baocews B,, yeyovég nmou npokalei avfnon Tou nAextpovikol
peupartog mou péel oTo efwTepIkd KUKAwpa petadl Badoewg B, kai exmopmod. Adyw
Twv aufopelboewv Tou pedparog otn Baon B,, mou ogeileTal aTig peTaBoiég Tng
Taoewgs elcédou Vg, avarrrooovral au§opeiwaeig Tng Tdoewg otnv avriotaon R,
mou armoTeAel Tnv Tédon €£bdou TOU KUKAWMATOG.

‘Onwg diamoTwOnke oTnv mapandvw mepiypadr Tng A€IToupyiag Tou HOVOETa-
¢iakol TpaviioTop, n Siakivnon onmwv otn Bdon Tou TpaviioTop, 6Tav epappdle-
Tal méAwaon opOng dpopdac, éxel we anoTEAeTUA T HEfwan TG ECWTEPIKAS AVTIOTA-
oewg Tou UANIkoO peTall Tou ekmopmol kai Tng Baoewg B,. H peiwon autr ouvend-
yetal avénon Tou pelparog nAekTpoviwv mou péel petall Twv SU0 AQUTWY AKpo-
SekTWV Kal KaTd ouvéneia peiwon Tou pedpartog | kal Tng avrioToixng Taogews IR
petagl Toug. To povoemadiakd dnAadr TpaviioTop, mapoudidlel To xapakTnpIoTI-
k6 «apvnTikAg avTioTdoewsy, oludwva Pe To omoio dev iIoxUel 0 yvwaTdg vOPOG
Tou Qu, emeidr To pedpa mou diamepvd Tn cuokeur aukaveTal pe Tn peiwon Tng Ta-
gewg Kai avtioTpoda. To xapakTneioTikd TNG aApvnNTIKAS QvTIOTATEWS TTApEXEl TN
SuvaréTnTa xpricews Tou povoenadiakol TpaviioTop o€ kukAwpara «okavédAne»
(trigger circuits), oTa omnoia evepyonoieital and ofjpara TaAYWwy Pe TRV anapaitnTn
moAwon. To UJT Téhog éxel Ta ekfig pelovekThpara:

1. Eival euaioBnto oe aAlayég Bepuokpaaiag.

2. H Aeitoupyia Tou mepiopileTal oe edpapuoyég pe xaunAn 1oxu.

3. Aev npoodpépel peylAeg amolaBég TGoews.

Oa mepiypdyope Twpa TNV epapuoyn Tou povoemadiakou TpaviioTop oTov ra-
Aavrwrij xadapwoews (relaxation oscillator) mou ¢aiveTtar oto oxfua 3.7y. To KO-
kAwpa auté napdyel TahavTwoelg ouvexoug petparog (ZP) pe oxetikd Bpadl pub-
poé. ‘OTav kAeioel o diakdrmrng, n Tadon Tng prmatapiag katavéueTal oTnv avrioTaon
R,, oTo povoemadiakéd Tpaviiotop (UJT) kai oTnv avriotaon R,. H Tadon Twv 30 V
epappdlerai emiong ornv avriotaon R, kai oTtov mukvwTi C. Me 10 KA€igiyo Tou
S1axémn, n Téon Twv 30 V edappdletal €€ oAokAfpou otnv avriotaon R,, eneidi

—_———— — — — .

; ey
| $OPTLOM TUMVWTY &
1
1

o! i 10K i< R3
AlanomTng

|
| !
i : l 1
I Ve=18v | 1! I
i ¢ ,$ C 0uF 7SR, VR
= 30V t A Ewpoption munvwty |
-[\.—___.-.-_— N s el i s e e -/
Ix. 3.7y.

TahavTwTiig xaAapwoewg pe povoermadiakd TpaviioTop.
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0 MUKVWTAG &€ pmopei va ¢opTioBei oTiypiaia. ZTo KUKAwWa ou mepihapBdvel To
UJT kai 1ig avniotdoeig R, kai R,, dnupioupyeitar diapopd tdoewg nepirmou 18 V
peTakl Tou exmmopmol kai Tou onueiou A. To pelpa Tou UJT eivarl pundév, Adéyw mo-
Aboewg avdoTpodng ¢popds. Me Tnv mdpodo Tou Xpbdvou o TUKVWTHS dopTifeTal
and 1o pelpa mou Siappéel Tnv avriotaon R, kai n Tadon Tou au§dverar avaioya.
‘Otav oAokAnpwOei n poépTIon Tou mukvwTh C, n emad Tou UJT moAwveTtal otnv
opBn dopd kai katd guvémeia, pedpa diappéel Tn Baon B,. H pof Tou pelparog
autol pelwvel Tnv ecwTepikr avrioTaon petatl ekmopmou kai Bdoewg B, kai kat’
enékraon Tnv T@on oro UJT. O nmukvwTtAg apxilel va exdopTtileTal yéow TG avTi-
ordoewcg R, n omoia éxel pikpn TipA. ‘Otav o mukvwTiig xdoel 6Ao To dpopTio Tou, N
Sdiadikaoia emavahappdaveral. Zro oxfpa 3.76 nmapouaidlovral Ta ofpara TAoeEwv
TOU MUKVWTA Kal Tng avtioTdoews R,.

0V
Ve dopTIon
1V s s s i i i e e e
/‘Empépuo-q
. —» Xpovog t
|
I
"WAANNANA
.
. Xpovog t

Iy. 3.75.
Ifpara Taoewv Tou MUkvwTA Kal Tng avtioTdoews R.

3.8 MoAubovnréc.

O moAuvdovnris (multivibrator) eivar évag TaAavTwTAg «XaAapwoewey ou xpn-
oipomoleiTal kupiwg yia va mapdyel kpara TeTpaywvikis popris (square waves).
Ta ofjpaTta auTtd eival Xpioipa oe epappoyég KUKAWPATWY XpoviopoU kai eAéyxou,
Kal anavTwvTal cuviBweg o€ TUOKeUég TNAEOPATEWY, € PavTap Kal g€ NAEKTPOVI-
KoU¢ umohoyioTéc. Yndpxouv Tpiwv eidv mohudovntés. O1 aoraBeis (astable), ol
povooraBeic (monostable) kai o1 dioraBeic (bistable).

01 aoTaBeig moAudovnTég AeiToupyoiv xwpic efwrepixii enéufacn (free - run-
ning) kai eival Baoika TaAavrwrég dUo aTadiwy, and Ta omoia, 6Tav To éva eVEPYO-
roleital To GAo amokérreral. ZTo oxfipa 3.8a ¢aiverar To KUKAwpa evég aaTa-
BoUc¢ moAudovnTA. H Aerroupyia Tou Bacileral oTo 6T Ta Suo TpaviioTop evepyolv
evalakTikd wg Siakérres. H edappoyn Tng Taoews V.. evepyomoiei To éva
tpavlioTop mpoTol evepyoroinBei To GAAo, autd S emTuyxaveTal pe TNV €mAOYN
KataAAAAWY TIPWY Twv oToixelwv Tou KukAWwparog. Av uroBéoope 671 To Tpavli-
oTtop Q, evepyoroleiral MpWTo, TO pelpa Tou TUAEKTN Tou apxilel va aukave pe
amotéheopa va peiwBei n avrioToixn TGon Tou TUAAEKTN Adyw TNG MTWOEWS TA-
oewg otnv avriotaon Req. H Tdon auth, mou eival HikpéTepn Tng V., €MPBAAAel
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Ix. 3.8a.
KikAwpa aotaBolg moAudovnTi.

péow Tou C, avaorpodn nméAwaon perall Baocews kal exkmopmol oTo TpaviioTop
Q,. "ETol, To pelpa Tou guAAékTn Tou Q, apxilel va peiwveTtal, pe amoTéAeopa n
avrigToixn Téon Tou va uywveral mpog Tnv Téon V... H aufavopevn Taon Tou
OUAAéxTN, Tou ouvdéetal péow Tou Tukvwth C, oTn Baon Tou Q,, empBdalier aTo
TpavlioTop Q, méAwon opBrig popdg kail To odnyei o€ Kopeaud, evd mapdAAnAa To
TpaviioTop Q, odnyeital oe amoxomj (cutoff). Ta TpaviioTop napapévouv o auth
Tnv kardoTaon péxpis 6tou ekdpopTioBei o mukvwtig C, péow TnG avTIOTACEWS
Rgq kai Tng xaunAfg avriotdoews Tou Q,. ZTo onueio autd n méAwon Tou Q,
natel va éxel avaoTpodn dopd kai To TpaviioTop apxilel va evepyonoieitai, Ye
anotéAeopa va oénynBei To Q, oe anokonn. O kGkAog autdg enavaiapBaveral pe
ouxvoTnTa mou kaBopileTar ané Tig TIpég Rg , C, kai Ry, C,.

01 povooTaBeig kai SioTaBeig moAudovnTég Siapépouv amd Toug aoTabeig oTo
om xpeialovral eSwrepikd (§€vo) afpa yia va Aeitoupyfioouv. Zto oxfua 3.8B dai-
vetal évag povooTadrg moAudovnTiic. H diadpopd amd Tov acTadr moAudovnTh €i-
vai 6T1 aTn Béon Tou mukvwTh C, éxel TomoBeTnBei n avrioTtaon R,, emiong 611 éxel
adpaipeBel n avriotaon Rgy. O povooraBfis moAudovntig ovopdletar kai
noAuvdovnriis mag BoAijs (one - shot multivibrator) eme1dfi évag pévo naApdg okav-
6aAng aAAGlel Tnv katdoTaon Tou KUKAwPaTog. MeTd and pia pikpf XPOVIKA UoTé-
pnon mou e§aptaral and Tig Tipég C, kai Rg, , To KUKAWPa emavépyeTal oTnV apxIkn
TOoUu KatdoTaon.

O povooTaBig moAudovnTiig éxel pia pévo eucTadn kardoTaon, oTnv oroia
enavépyetal 6Tav n eicodog okavéding adpavei. H Aeitoupyia Tou éxel wg eEAc:
Me Tnv epappoyn 10x0og ané Tnv Taan V.., evepyomoieital To TpaviioTop Q, pe
noAwon opbAg ¢opdg, mou mapéxetar péow TNG avriotdoewg Rpy. H
evepyonoinon Tou Q, avarriooel avknuévo pedpa otnv avriotaon Req, To omoio
avdvel Tnv T@on oTnv avriotaon auT, pe amotéAeopa n TAon oTo CUAAEKTN TOU
Q, va yivetai AiyéTepo BeTikr| ] mepioagdTepo apvnTiki. Emeidr o oulAéxtng Tou Q,
eival guleuypévog pe Tn Baon Tou Q,, n apvnrikdTNTa AUTH) 0dnyei To TpaviioTop
Q, oe anokomi. H anokomf} Tou Q, peiiver To pedpa mou Sdianepvd Tnv avrioTaon
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Iy. 3.8p.

Kikhwpa povooTaBolg mohudovnTiy.

Rc2 . pe amotéheopa o gurAéktng Tou Q, va yivetal epioodTtepo OeTikde. Emeidn
0 ouMAékTNng Tou Q, eival ouleuypévog pe Tn Baon Tou Q, péow Tou mukvwTh C,,
diatnpeital n evepyoroinon Tou Q, yia 600 didaTnua epappdleral n téon Vo, oTo
KUKAwpa Tou moAudovnTh.

‘Orav epappooBei apvnTikdg MaAuds oTnv €icodo okavdAAng Tou KUKAWPATOC,
To TpaviioTop Q, odnyeital apéowe oe amokomh, Ye anoTéAeopa va epapuoaBei
€évag BeTikdg mahpdg oTn Baon Tou Q,. To TpaviioTop Q, evepyoroieital, To pelpa
Tou oUuAAéxkTn Tou aufdveTal kal TauTdéxpova avanTiooeTal pia peyain Tédon oTnv
avtiotaon Rcp . H tdon tou guAAéktn Tou Q,, n omoia yivetar AiyéTepo BeTiki
mepigodTeEpo apvnTikh, epappdleTal otn Baon Tou Q, péow Tou mukvwTh C,. To
dopTio ou éxer amoBnkeuBei oTov mukvwTh C, diatnpei To TpaviioTop Q, o€ ka-
Taotaon amokomig, Péxpig 6Tou 0 TUKVWTIG ekpopTIoBei TMAfpwg péow Tou Q,.
‘Otav oupBei autd, n avaorpodn méAwaon nadel va udioTaral otn Bdon Tou Q, kai
To TpaviioTop evepyoroleiTal ka1 emavépxeTal aTnv apxikf Tou katdoTtaan. H xpo-
viki) otaBepd Rg; C, kaBopilel To xpovikd SidoTnua yia Tnv emavadopd Tou
KUKAWHATOG aTnV apxIiki Tou euoTadni kardoTaan, YeTd Tnv epappoyn Tou ofjua-
Tog oKav&aing.

0 &1oTaBrg moAudovnTiig, mou eival yvwoTos we xukAwpa «flip - flop», €xel 00
euoTaBeig karaoTdoeig (avti Tng piag mou éxel o povooTabrig moAudovnTrAg). ZT0
oxfAua 3.8y daiveral To kKUkAwua Tou diotaBoug moAudovnTr. ZT0 KUKAWKA QUTS,
kGBe BeTik6g MaApds oTnv eicodo aAAdlel Tnv katdoTaon evepyonoijgews. H Aeil-
Toupyia Tou éxel wg kg Me Tnv edappoyr Tng V. éva amd Ta TpaviioTop Ba
evepyormoinBei mpiv and To dAho. Av To Q, evepyoroinBei mpwTo, N TAON TOU CUA-
AékTn Tou yivetal Aiyétepo BeTiki | mepioabTepo apvnTikf and nipiv. H Tdon auth
diapéagou Tng avrioTdocewg R, emBarier avaoTpodn néAwan oto Q,, To omoio ka-
Tomv, péow Tng R, emBAaAAel BetikA TGon otn Bdon Tou Q,, kai Siatnpei éTal TV
evepyd kardoraon. Auti) eival pia and Tig duo euoTabeig KaTAOTATEIS TOU KUKAW-
paroc. To kikAwpa 8a diatnpnBei oTnv katdoTaon autr, 6co epapudleral n Taon
Vv
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Ix. 3.8y.
KokAhwpa diotaBolg moAudovnrr «flip - flop».

H kar@oraon Ttou kukAwpatog aAalel, av epappocBei évag BeTikdg MaApog
oTo anokoppévo Tpaviiotop Q,. Me To ofpa auTtd, To TpaviioTop Q, evepyoroiei-
Tal kai To peldpa Tou CUAAEKTN Tou péow Tng avrioTdoews Rey, audaver kai
avanTiooel MePITTOTEPO ApPVNTIKA TAON OTO CUAAEKTN. EMeIdh dpwg 0 GUAAEKTNG
Tou Q, ouvbdéetal ye Tn Bdaon Tou Q, diapéagou Tng avrioTdoews R,, n avarmTuoco6-
pevn avaotpodn méAwon oto Q, To 0dnyei oge amokori). H kardoTaon auti, oTnv
omoia 1o Q, eival evepyomoinuévo kai To Q, oe anokont, eival n 6elTepn evoTalrig
KatdoTaon Tou KukAwparog. To paivopevo autd enavalauBaveral kGBe ¢popd mou
To TpaviioTop oe amokomni] Ba evepyomoinBei amd éva BeTikd MaAud oTnv €icodo
JkavédAng.
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KEGAAAIO TETAPTO
OAOKAHPQOMENA KYKAQMATA

4.1 Tevikd.

OAorAnpwpéva kuxAwpara (Integrated Circuits) A IC (AT - Zn) eival ekeiva Twv
omnoiwv To puoikd péyebog evrdooetal aTn HIKPOoKOMiKA KAipaka. H avanmruél
Toug éxel 10Topia TPIGvTa TEpITTOU €TWy, N &€ avaykaidTnTd Toug MAyace and Tig
dlaoTnuikég kataokeuég, 6mou o SiaTIBEéPEvVOg XWPOS yia TNV eyKATAaTacn nAe-
KTPOVIKWY OUOKeUWwY fiTav Gpuoika moAl mepiopiopévos. ZAPepa BPIoKOPaaTE OTO
oTadio piag nAekTpovikig emavaoTacews, To péAAov Tng onoiag npoBAéneTar 4TI
Oa eival akdpn mo evrunwoiakd pe Tnv avanTtugn kai TEAelomoinan Twy MIKkpoene-
fepyaorwv (microprocessors) mou dpxioe aTig TeAeuTaieg 00 dekaeTieg. “Eva Tumi-
k6 IC umopei va mepiéxel m.x. 7 TpaviioTop, 12 avtiotdoeig kai 4 &168oug, To e
¢uaiké Tou péyeBog va pnv urepBaivel éva mAakidio pe diactdoceig 1,5 x 1,5 xI-
AlooTd Tou pétpou! Ito oxfua 4.1 eikoviletal éva IC oe peyéBuvon kal oTo TPay-
partikdé puaikd Tou péyeBoc.
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CA 3020

79

Ix. 4.1.
a) MeyéBuvaon evég IC, B) To oxnuatikd Sidypaupd Tou, y) To cupBoAikd NAEKTPOVIKG TOU axédio Kkal
8) To dpuoiké Tou péyeboc.

Ta kGpia mheovekThpara Twy IC oe alykpion pe Ta oupBaTika KukAwuara, €i-
vai:

1. Afiomoaria. Ae xahoOv eUkoAa kai Siapkolv TEPITTOTEPO XPOVIKG didoTnua.

2. Euxodia orn ouvripnon. Ze nepinmrwaon mpoBAnuaTikig AeiToupyiag Toug Ta
IC avTika®ioTavral oAdkAnpa pe véa. To avrikaBioTtapevo IC, Adyw Tng 1616-
popdng karaokeurig Tou, Sev emdlopBwveral olTe §avaxpnaiyomoleital.

3. Kéorog. To k6aTog Twv IC, pe Tig paydaieg BeATiwoelg Twy peBddwv mapa-
YWYAS, pelwveTal ouvexws. ‘Otav mpwroepdavicOnkav aTnv ayopd oToixi-
Zav mepimou 50.000 onuepivég Spaxuég To €va, evw onuepa kooTifouv amd
100 péxpt 500 6px.
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4. KaraviAwon evépyeras. H Aertoupyia evog oupBarikou TpaviioTop amaitei
AiyoTepn 1ox0 and ekeivn piag Auxviag. To IC anmaitei 10x0 akoun AiydTtepn
kair arrd éva TpaviioTop.

5. Quoé péyeBog. Ta IC kataokeualovral oe 6Ao Kal pikpoTEPO péyeBog Kal
ol epapuoyég TOUG EMEKTEIVOVTAlI O€ ouoTAPATA MeydAng moAumAokoTnTag
O€ TIEPIOPITUEVO XWpPO.

4.2 Aoy povohiBikoU xukAwparos.

Se éva povoAiBixé (monolithic) IC, Ta S1Gdopa oToixeia Tou KukAwpaTog (Tpav-
lioTop, avrioTdoelg, mukvwTég, Siodol KAT.) kataokeualovral evowpaTtwpéva oe
pia Baon amé nuiaywyipo uMké, ouviBwg mupiTio, mou ovoudletal unéoTpwua
(substrate). Z0pdwva pe pia Siadedopévn péBodo karaokeurg, mou ovopdaleral
emraflaxé adoTnua diaxioews (epitaxial diffusion system), n &iadikacia §ekiva pe
Tnv kot evog oAl Aerrrol diokou (wafer) ané Tov kUoTaAlo nupitiou P-tomou. O
Sdiokog autdg TpoxileTar pe akpifela oe mpokaBopiopévo néxog kal kOBeTal oe
oxfua kikAou oTo péyeBog mepinmou evog petahhikol mevnvtadpayuou. Aol ka-
BapioBel kai AeiavBei, n pia emdaveia Tou diokou épxeTal g€ emadr pHe AépIo TOU
nepiéxel Ta Eéva Gropa kai emtuyxdverar mpdopi§n karw amd uywnhn Bepuo-
kpaoia. Ta Eva Gropa Siaxéovral oTto undoTpwpa Kai dnpioupyolv éva Aemrd
oTpwpa nupitiou N-tomou, ou Aéyetal emradiand oTpwpa (epitaxial layer). O &i-
okoc¢ ToroBeTeiTal katémyv o€ éva €161k6 polpvo pe TOAU uwnAr Beppokpaaia, pé-
oa oTtov omoio SioxeTeleTal aépio ofuybvo, pe amotéAeopa va enélBer ofeidwan
(xnuikf avtidépaon Tou ofuybvou pe To TupiTio) kal va dnuioupynBei éva mpo-
oTateuTiké oTpwpa diokeidiou Tou mupitiou (Si0,). Zro oxApa 4.2a ¢aivovral Ta
Tpia oTpwpara Tou Siokou.

L1pwpa Siokelbiov
0V nupn{wu

i_

= /t
YTOOTpWHA TUPLTIOU TIPWHA TEUPLTLOU
P-tbmou N-tumov

Ix. 4.2a.
Ta Tpia Baoikd orpuwpara katd Tnv kataokeurj povohiBikol IC.

Te éva Sioko karaokeudlovral Tautdxpova MOANG oAokAnpwpéva kukAwpara,
mou kataAapBavouv éva ipokaBopiouévo xwpo, OxI peyahiTepo amd 1,5 x 1,6 xi-
AoaTd Tou pérpou To kaBéva. H diadikaoia kataokeung Twy IC, mou Aéyovrarl aTnv
nepimTwon auth «ramey (chips), apxilel pe Tn xapagh Toug mavw oTo dioko (mou
nipoeToipdodnke 6mwg avadépOnke mapandvw), pe Tn BorBeia evog epyaleiou pe
SiapavTévia aixur. KaBe Tom ouykoAarar mdvw oe éva kepapikd uAikd kai padi
TomoBeTolvTal oe pia Bdon, n omoia dépel Toug katdAAnAoug akpodEKTES yia Tn
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olOvéeon Tou IC pe Ta GAAa kKukAwpaTa edpappoyic. TENog, To Taim pe T Bdon Tou
nepikAeieTar oe éva mAaigio, To omoio ovopdleral makéro (package). ITo oxfiua
4.2 oaivovral oe peyéBuvon Téooepig TOMOI TTakéTwy pe IC.

Ix. 4.2p.
dwroypadia oe peyéBuvon Teoodpwy koviv Tomwy IC «makéTwvy.

4.2.1 Karaokeui.

Ze npwtn ddaon yivetar emioTpwaon Tng emdaveiag Tou diokeidiou Tou nupiTiou
pe éva Aemrd oTpwua piag ¢pwroeuaiodnTng ouciag. Ta TuApata TnNS emaddveiag
oTa omnoia Ba katackeuacBolv Ta &iddopa aToixeia Tou IC kaAUrrovral and uAikd
emAexTiKAg kaAUWewg A pdores (masks) [ox. 4.2y(a)] pe okonéd va epmodicouv To
unepides dwg mou pixveral okdmua mavw oTo &ioko yia va armoTunwOei To oxé-
610 Tou IC. To pwg petarpémel Tig akdAurTeg emddaveieg oe pia ouoia n onoia pmo-
pei va apaipeBei elkola pe Tn xapadn. H xdpatn adaipei To emTatiakd oTpwua,
glpdwva pe To axédio Tou IC [ox. 4.2y(B)]. H siadikadia karaokeurig Tou IC cuve-
XiCeTar pe Tn SiGxuon evds aepiou pe P-tOmou Gropa (ouvBwe Boépio) péoa oTta
xapayuéva kavahia Tou emragiakol oTpwuaros. O1 emdpaveieg mou eixav KAAUDOEi
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Maona
Si0p
7 ATonoppa
7 —
L] ’ .‘:‘N‘- i’
Eniraumo otpwpa Ymootpwpa P-umou
N-timou
@ / \
Muptto Mupitio
N-tumou P-tumou
®
®
Ix. 42y.

Baoikd orddia karaokeuris povoMiBikol kukAwparog IC.

pe Si0, eivar Twpa nepioxés mupitiou N-tOmou, mepikAeidpeveg and mupiTio P-
Tonou [ox. 4.2yly)]. "ETol o1 mepioxég N-TUmou amopovwvovTal e anoTéAeopa va
eival peiwpévo To pelpa diapporig amd Tn pia mepioxn ornv dAAn karda tn didpkeia
Tng AeiToupyiag Tou KUKAWPATOG,.

4.2.2 KaraokeuaoTikos kUKAog.

O kataokeuaoTikdg KOKAOg Tou povoAiBikol kukAwpartog IC éxer TEooepa oTa-
&1a, okeidwon, pwro-anmotinwan, xapagn kai S iGxuon. Zrnv npdén, Ta atddia autd
oAokAnpwvovTal oxeddv Tautdxpova pe olyxpoveg peBGSoUg auToOPATNG TTaPaywW-
yAS MoAAWy IC mavw oTov apxikd Sdioko Tou nupitiou. Ta &iddpopa nAekTpovika
otoixeia karaokeudlovral §exwpioTd oe ouykekpipéveg Béoeig Tou kGBe Taim.

4.2.3 Karaokeuvij tpaviiorop.

Ta &iddopa oTddia karaokeurg evog N-P-N TpaviioTop o€ pia guykekpipévn
mepioxn Tou povoAiBikoU kukAwpatog IC daivovral oto oxApa 4.26. To mpwTo
aTadio adopd Tn dwroanoTiNwan Tou «mapaBlipouy aTO TOITT YE XPNOIPOTIOINCN
Tng paokag [ox. 4.26(a)] kai unepidoug dpwTds. AkohouBei n xapaén kar Sidxuon
atépwyv P-tOmou oTnv meploxf Tou «mapabuipour péxpl éva mpokabopiouévo Ba-
Bo¢. To emtafiakd oTpwpa mou Bpioketal akpiBug amd kaTw eivar N-timou kai
amoteAei To culékTn Tou TpavlioTop [ox. 4.26(B)]. O kikAog ofeidwon - pwTo-
anotUnwon - xapakn - diGxuon enavaiapBaverail, auti &€ Tn gpopd aGropa N-tomou
Siaxéovral oTn Baon P-timou péxpr éva kabopiopévo BaBog. IxnuatileTal €Tal
éva oTpwpua N-tirmou akpiBu¢ mavw anéd Tn Baon, mou anoTeAEi TOV EKTTOUTIO TOU
TpaviioTop [ox. 4.26(y)]. Mia nAnpéoTepn eikbva Tou oAokAnpwpévou TpaviioTop
¢daivetar oTo oxAua 4.26(8), mou mepiAauBaver Toug TPEIG anapaiTNToug akpodé-
KTEG.
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NupLtio Nupltio
N-tUTou P-timou
(zuineang) ®  (Baom)

Mupttio N-tumou | Mupitio N-tumou

; : 510
( Exropmog ) ( Zuarentng) g
Mupitio Ptimou : TUAAENTIG
(Bdom) Exmume gaoy AxpoBENTNG
® @ EWTTOUTTON

. Ix. 4.26. .
Itasia karaokeurig TpaviioTop o€ povohiBikd kikAwpa IC.

4.2.4 Karaoxeurj 8166wv.

Ma va pnv enavaiapBaverar véa Siadikacia karaokeurg 168wv oTa povoliBika
kukAwpara IC ouvnBiletal va xpnoigonolodvrail Ta 1&n undpxovTa TpaviioTop wg
5iodo1, 6Tav BéRaia Sev xpnoigoroiodvral we TpaviioTop. ‘ETal mx. éva tpavii-
J1op P-N-P unopel va xpnoiporoin@ei wg diodog P-N pe expetdAAeuan Twy 00
rpiTwy TN yewpeTpiag Tou, émwg daiveralr oTo oxfiua 4.2€. Zra IC, yia oikovoul-
koU¢ kupiwg Adyoug, o1 diodol Sev kataokeudiovral §exwpioTa and Ta TpaviioTop.

+

Yrootpwpa

P-tUmou
Mupitio P-timou Nupttio N-timou
{"Avoboc) ( Kégodog)

Iy. 4.2¢.
Karaokeur; 8166ou oe povohiBiké kikAwpa IC.
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4.2.5 Karaokeury mUKvwrwv kai avrioTaoewv.

O ouvABNg TPOTOG KATAOKEUTG TTUKVWTWV o€ HovoAiBikd kukAwuarta IC Baoile-
Tal 0TO PAIVOPEVO TNG CUYKEVTPWOEWS APVNTIKWY Kal BeTIKWV 1I6VTWV | NAEKTpO-
viwv kai onwv avrtiotoixa oto P kai ato N pépog tng emadrig P-N. Zto oxAua
4.207(a) daiverar n karavour Twy 16vTwy apioTepd kai e&id Tng emadric P-N nou
OuykpoTei éva evdoyevi) GUTIKO TTUKVWLITH.

‘Onwg aTnv mepimrwon Tng 8166ou, xpnaoiyomoleitar médhi n emagr P-N evog
npokatagkeuaopévou P-N-P tpaviioTop kai étol anodelyetal n 18iaitepn kara-
okeun nukvwTwy. MNa va emteuxBei auénuévn xwpnmikétnta C oTov MUKVWTH,
epappdletar moAwan avdorpoodng dpopag ornv emadfi P-N. Zto oxAua 4.207(B)
daivetal n karagkeur mMukvwTr piag emadng P-N oe povoAiBikd kikAwpa IC.

At

P_ tuttog N_tumog
—— — e —
oool[fleee| =& /7
+ ’
CRONCH I MECKSXS, \
£ g / ‘rmcltpwpa P-tumou
@) Mupttio Ptémou Mupitio N-tumou

Ix. 4.20T. @
®uaikég evoyeviig mukvwtrg P-N emagric kai kataokeur Tou oe IC.

H karaokeur avriotdoewv o1o povoAiBIkd kukAwpa IC yivetar pe Tn Sidxuon
P-tOrmou atépwv oTo emtadiakd oTpwpa, 6w ¢aivetal ato oxfipa 4.2Z, O Sia-
dopeTikég TIPEG avTioTAgewg emTuyXAvovTal pe Tnv aufopeiwan Tou epBadol Twv
emdaveiwv Siaxioews kal Tn petaBoAr] Tng MuKvOTNTAS TWV EEvwy Gpopéwv Tou
Siaxéovral oTig emMPAvEIES AUTEG. e

/ \ Yrdotpwpa Ptimou

Mupitio N-timou  Mupito P-tmou
Ix. 4.2L.
Karaokeur] avriordoewg oe povoMBikéd kixhwpa IC.
H kataokeur) autenaywyrig, o€ povohiBiké kikAwpa IC eival 5GakoAn, ouviBwe
be mepiopileral o€ autemaywyég xapnho Q. EmTuyxaveral pe Tn Sidxuon peydaAng
nukvoTnTag §évwy atépwy ge eAikoeldég axfpa. OnwaodhmoTe dpwe n moiIdTHTA
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piag Tétolag karaokeufig eival moAU xaunAA. ‘Otav eival anapaitntn n mapoucia

autemaywyig pé uwnAé Q, xpnoiyoroleital oupBaTiki auTemaywyn mou ouvdéeTar

efwTepikd oTo povohiBiké kUkAwpa IC,

4.3 ZIvoixeia AenTiic EMOTPWOEWS.

Mia GAn péBodog kaTaokeufic avTIoTAoEWY Kal TUKVWTWY o€ KukAwpara IC
efval n péBobdocg Aenrijs emorpwoews (thin film). H karaokeur| pe Tn péBodo auTr|
apxilel pe Tnv efdTpion aywyipwy kai SINAEKTPIKWY UAIKWVY QVTIOTAOEWV O€ OUV-
BfKkec uwnAfic Bepuokpaaiag. O1 arpoi oupmuKvWwvovTal oTNV emdaveia evog yud-
Aivou fj kepapikol umooTpwHaTog cUpdwva e KAmolo mpokaBopiopévo oxEdIo, TO
omoio amoTumveTtal pe Tn péBodo Tng pwTo-euaiodnaiag kai Tn XpAon KaTaAAn-
An¢ péokag. H péGodog auth dnpioupyei oToixeia peyéAng akpiBeiag, oTa omoia To
epBadév Tng emaodveiag mou emoTpwveTal eAéyxeTal eOkoAa amd Tig avTioTOIXES
emodvelec Siaxioews TG HovoAIBikig kataokeuris. ZTo oxfua 4.3 ¢aiveral n
yewpeTpia kaTaokeufg piag avrioTaoews kal €vog TUkVwTr Pe Tn péB0SO TNG Ae-
TITAS EMOTPWOEWS,

G GVTLOTAOEWS

LI1lLll I EEEEEEEEEEEE] INEREEERELY]
11111 IEEEEmEEEEn) LI Ll Ll 1
L1l Ll bl‘l""ll IEEEEN LILLLLLL L
L1 11 |EEEANEEEEN] IEEEEEN 1
Yrdotpwya METAANND PLAL

LA Bnhentpuig
Ix. 4.3.
Mewpetpla kataokeufig avTioTdoews kal TUKVWT pe TN HEB0GO AemTfig emMOTPUITEWS.

H kataokeuf TpaviioTop kal 5166wV pe T pEB0SO TNG AETTTG EMOTPWOEWS Ei-
vai moAG SuokoAn kai moAU damavnpr. ‘ETol o1 kataokeuég auTég epiopilovrar pé-
VO OTIC TelpapaTikég epappoyés. TéEAOG, N kaTaokeur auTemaywyng He Tn péBodo
TN Aertriig emMoTpwoews eival pev edikTr], aAAd TepiopileTal O€ PIKPES TIHES AUTE-
maywyns kai epapudletal oe kukAwpara moAl uywnAfg ouxvoTnTag.

4.4 YBmbiké kixAwpa.

lMa va avripeTwmoBei n duokoAia kal To uYnAd KOOTOG KATATKEUNS TwV TPavli-
oTop, 5168wV Kal auTenaywywv e Tn péBodo Tng AemTrig emaTpwoews, avamnTi-
xOnke n péBodog Tou cuvduaopol oTolxeiwv HOVOMIBIKIG KATAOKEUNS HE OTOIXEIa
AerrTric emoTpwoews. To KUKAwWHaA TIou xpnalporolei To ouvéuaopéd autd ovopdle-
Ta1 uBpIbiké kuxAwwa (hybrid circuit). Eival eniong pikpookomkd o€ péyeBog kai
evrdooetal ota ohokAnpwpéva kukAwupara. To uBpidikd kKikAwpa éxel wg Baon
éva umboTpwya, oTo omoio Tormo@eTolvTal TPWTA Ta OTOIXEIa AeTTAG €mOTPW-
oewc kal UoTepa Ta urtbAoITIa OToIXEId TTOU €XOUV KATaOKEUAOBEl pe Tn HOVOAIBI-
K péBodo.
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KEQAAAIO MEMNTO

KYKAQMATA ANOPOQZEQZ

5.1 lMevika.

H avaykaiétnra Tng avopBuwoews (rectification) eival ougiaoTikfy ge GAeg TIg
Biopnxavikég nAexTpovikég edpappoyéc. H avopBwan emTpénel Tnv am’ euBeiag
TpopodoTNoN MoAuapiBpwy cuokeuwv pe oUvSeTT] TOUG OTNV TPOPOSOTIKA YPAU-
uA Tou evaAhaoodpevou pelparog. Ta kukAwpara avopBuwoews, HETATPEMOUV
evépyela evaAhaogodpevou pelpaTtog o€ 100dUvapo Mmool evépyeiag, umd popdn
guvexoug pelpaTog,.

To BaoikbéTepo nAexkTpovikd oToixeio avopBwoewg eival n nuiaywyiun &diodog,
™n Aeitoupyia Tng omoiag Mepiypdwape oTo TPWTO KepdaAaio.

5.2 Huaywyiun 8iodog wg avopBwriic.

H nuaywyiun diodog ocuvioraral oe pia emadry P-N, n omoia emtpémer Tn Sié-
Aeuon pelparog, 6Tav n epapuoldpevn Taon éxel TNV opBA MoAikdéTNTA, EVW TIPO-
BaAAe! peydaAn avrioTaon otn &iéAeuon peluarog, éTtav n Taan éxeEl TNV avTioTpo-
¢n moAikdéTnTa. ‘Onwg €idape oTo MpwTo KepdaAaio, n popd TAoews Mou emMTPETTE!
n &iéheuon pelparog ovopdletal méAwon opBris popdc (forward bias) kai n popa
Taoewg mou TpofdAAel pey@An avtioTaon orn diéAeuon peluaTtog méAwon avd-
arpogns popds (reverse bias). Zro axfjua 5.2a ¢aivovral Tpeig Baoikoi TUMOI NuIa-
ywyipwy 8166wy avopBwoews. ‘Otav otn diodo evég kukAwpaTog avopOwoews
epappooBei pia evalhaoodpevn Taon, n diodog moAwvetar diadoxikd ge opBN kal
avaoTpodn ¢opd. To pelpa Tn dianepva pbévo katda tn Sidpkeia Tou nUIKUKAiou Tng
nuiTovoeldolg Tadogewg, kard tnv omoia n kGBodog Tng d16dou eivar apvnTIK wg
mpog Tnv avodo. ‘Etal, To pedpa tng di6dou maipvel Tnv maApikn popo Tou oxfua-
Tog 5.2B. Maparnpolpe 611 To pelpa e§ddou undpyxel poévo ato BeTikd nuikUkAIO,
evw amokénTeTal TeAeEiwg oTo apvnTikd nuikOkA0. MNa To Adyo autd To KikAwpa
Tou oxAuarog 5.28 ovopdletal kukAwpa avopBwoews poov kiparog (half-wave
rectifier circuit).
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Ix. 5.2a.
Huiaywyipol &dlodol avopBuigews Tpilv Baoikwv TOMWY.

+ ‘Avodog  Kadodog

I/\U/\ - O

Taoyn €w0660u

‘Llhr\/\

Pevpa eEobou

Ix. 5.2p.
Aeitoupyia 81660y we avopBwtr piood kGparog.
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5.3 KikAwpa ¢iitpou.

H mepiobdiké aguvexris popdn Tou afjpatog e§d6dou oTo kiKAWPa Tou oxAuaTog
5.2B ovoudletal nupdrwon EP (AC ripple), oe opiouéveg e TEPIMTWOEIG UTOPE]
va énuioupyroel mpoBAfpara oTo dopTio To omoio cuvdéeTal oTNV AKPN TOU Ku-
kKAWparog. ZTnv mepimrwaon peyaduwvou m.x., Tpokalei yia Bof otaBepric ouxvoTn-
Tag 50 Hz. MNa tnv avrigeTwmaon Tou mpoBAfuaTog auTtou mpooTiBeTal oTo KUKAW-
pa Tng avopBuwoewg éva kKUkAwpa ¢piktpou. Zro oxAua 5.3(a) paivetal o cuvdua-
oubdg Tou KukAWpaATog avopBuwgews pigod KUOparog pe To KUKAwpa ¢iAtpou, TO
oroio amoTteAeital and d0o mukvwTég C, kai C, kai pia avriotaon R,.

H Aeiroupyia Tou ¢iATpou eival n €€fg: H Tadon e§6dou Tou avopBwTh dopTilel
TOUG TIUKVWTEC, KaTtd Tn Sidpkeia Tou peyaAlTepou pépoug TNG NUITTEPIOSOU TNE KU-
patwaoews. 01 mukvwTég &€ Xavouv To NAeKTPIKO Toug dopTio oTiypiaia, aAAd ek-
doprilovral BaBuiaia katd Tn Sidpkeia TNG PeIWOEwWS Tou elpoug Tou TMaApol Ta-
gewg otnv éodo Tou avopBwTh (ueTd Tnv Kopldwon), petadépovTag ETal TNV
evépyeia oto doptio [ox. 5.3 (B)]. AnoTéAeopa eival n mapaywyn Hiag cuvexoug
Kal oxeTika opaliig Taoewg e€6dou (Mpdaivn ouvexig ypapun) Xwpic KupaTwoelg.
ZuvnBileTal, n diodog va aguvééral pe Tnv TpododoTikA TNy EP péow evdg perta-
oxnuariaTh. AuTté yiveral yia 8Go Abyoug. MpwTo, yiaTti ye To HETACKXNUATIOTH PTTO-
poupe va TpodpodoTiicope Tn Siodo pe pia mpokaBopiopévn Tdon. AelTepo, yiaTi o
peTaoxnpatioThg mapéxel aodaAela aTo KUKAwHA, €MeId TO amopovwver and Tnv
TpododoTiki ypappry. O okondg Tng avrioTdoews R, eival va mpooTaredoel To KO-
kKAwpa oe mepimTwon BpaxukukAwuatog Kal yi' autdé n TIMA TAS €eival PIkpA
(~ 20 Q).

R, Ry
N/ —> VAVAVA *
My P W Neog
E“gﬂ "‘") H 1~ C, ~T~ C,  wpoptio
Metaoxpauotig
avopIwocws
Kopuweg
WULATWOEWY
£ \'\
- - 5 -
£ i \N / \\ y .'\‘
'f \1l /! A ’” \ / \\
I |
| L1 H : h { L
| I Ewpoptign !
| Euelomian
- '
®optiom
TUNVWTWY

®

Ix. 5.3.
KikAwpa kai é6odog diATpou avopBuwoews,
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5.4 KikAwpa avopOuwoewg mAfjpoug KUGpArTog.

To kGpio MAeovékTnua TNng avopBwoewg nAfpoug kiparog eival o dimhaciacpog
NG amoddoews Tou Tponyolpevou KukAwpartog, Adyw petapopds otnv é§odo 6-
Ang TS evépyeiag Tou afpaTog eloddou. 1o oxfipa 5.4a mapoucidleral To KUKAW-
pa avopOwaoewg mAfpoug kipaTtog. H anairolpevn Tdon moAwoews epapudleTal
Héow TOu peTaoxXnuaTioTr| Kevrpiijs Ajwews (center-tapped) oTig 600 &166oug 4,
kal A, evaAAGE, avGloya pe Tnv moMikGTNTA TNG TAoEws €10660u. AnoTéAeopa ei-
vai, n Tdon ato onpeio A va éxel kupatwoeig pe guxvornta 100 Hz (dimAdoia Tng
ouxvoTnrag eigdédou). H Tdon authi mepva and 1o ¢piAtpo Twv dlo nukvwTwy C, kai
C, ka1 Tng auTenmaywyAs M, kai peTaTpémeTal g€ pia guvexn Kai opaAr Taon e§6-
dou.

A
— >
240v ok ‘]
50Hz<> H éj :
]
by R
— (doptLo)
L— ——

Taon €t0060u ’ ;
Taon oto onueio A

Zx. 5.4a.
KikAwpa avopBuigews mAfjpoug kOparTog.

210 KUkAwpaTa avopBwoewg mARpoug KOpatog ouvnBileTal va xpnaipormoieital
Hia avopBwTikf povada avti 600 EexwpioTwy 6166wv. H avopBwTikf auth povada
mepiéxel dUo diodoug, o1 omoieg éxouv koiviy kKEB0d0 1 koiv) dvodo. H alvdean Tng
povadag authg oTo kKOKAwpa yivetal pe éva amd Toug S00 Tpdroug mou ¢aivovTal
oto oxipa 5.4B. 01 avopBwTikég povadeg mou éxouv koivd éva amd Toug d00 a-
kpodéxTeg ovopdlovral avopBwrés kevrpixiic Afjwews (center-tapped rectifiers)
kal ¢puoik@ éxouv Tpeig akpodéxTeg (ox. 5.4y).

AvopOuwoaon nAfjpoug KUPATOg EMTUYXAVETOI KAl Y€ T KukAwuara yépupac (bri-
dge circuits), pe guvéuaoué Tegadpwv 8166wy (eiTe pe Téooepig EexwpioTég dio-
Soug, €iTe pe pia avopBwTikA povada mou mepiéxel To ouvouaoud autd). ZTo oxi-
pa 5.46 ¢aiveral To cUuBoAo kai n pwroypadia avopOwWTIKWY HovAdwY He TéEoae-
pig 81680ug. To avopBwTikd KUkAwpa yédupag daiveTtal oTo oxAua 5.4€. ETo KO-
kAwpa autd, e Xpel@letal peraoxnUaTioThg KEVTPIKAG Afew. "ETol, 6An n Tdon
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Ix. 5.4B.
Kukhwuara apvnTikfic kar BeTikfis Aqwews pe avopBwTég KEVTPIKAS ANWEwWS.
a) ApvnTikil AAwn. B) @etikf Adyn. . K{')ul

Iy. 54y.
AvopBuwrég kevtpikiis AMjyews (BeTikfg kal apvnTikig).

Tou SeuTtepeliovrog MpoodépeTal yia avépBwan kai 61 n pior, énwg cupBaiver 6-
Tav XPNOIMOTIOIEITAI HETAOXNHATIOTHS KEVTPIKAG AQwews. KaTtd tn didpkeia Tng
edappoyng Tou BeTikol nuikukAiou TAoewg oTo SeuTepeliov TOU PHETAOXNUATIOTH
(kékKivn ypappr), To pedpa e§6dou péel péow Tou onueiou A otn dopd Tng KOK-
KIVNg S1aKeKOUpéVNG ypapuns, Ye anmoTéAeopa n Tdon oTo onpeio A va eivai BeTi-
k. Kard tn Sdidpkeia epapuoyrc Tou SelTepou nuIKukAiou TAOEWS OTO SEUTE-
petov Tou petaoxnuartioT (umAe ypauun), n ¢opd Tou peldparog eEddou eivai n i-
S1a péxpl To onpeio A (umAe diakekoupévn ypaupn). Ao ekei kal mépa dpweg Sia-
dopormoleital kai akohouBei diadopeTikr diadpoun péow Tng yépupag. BéRaia, n
Taon oto onueio A eival madAl BeTikr, dnAadn emTuyxaveTal avépewon AR PoUg
kOparos.
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Ix. 5.46.
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Taom oto onpeio A

Taom HeVTEPEVOVIOG

Ix. B4e.
AvopBuwriké KUkAwpa yédupas.

ZTa avopBwrTikd kukAwpara mAfjpoug kKGpaTog xpnaipornoleital pidtpo d0o mu-
KVWTWV Kal piag autenaywyfg oe axfiua M, To omoio ovopGletal gpidrpo eicédou
nukvwrr M-romou (capacitor input filter M-type). To ¢piATpo autd evdeikvutal oTa
KUKAWuara avopBwoewg mAfpoug KUUaTog, emeidn auvdudlel Tig 1816TNTEG TUO-
ocwpeloews evéPYEIag TOU TTUKVWTI KAl TNG auTemaywyrg kal e§opaAlvel Tig Kupa-
Twoelg Tou avopBwTikol kukAwpatog. H dpdon Tou mukvwTr avaAiOnke oTnv na-
paypado 5.2. H dpdon Tng autenaywyfg éykeital oto 611 anokAeiel Ti¢ evalao-
OOMEVEG TUVIOTWOES TOU PEUMATOG, EVW EMTPETE! TN SIEAEUTN TOU oUVEXOUS PEU-
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Ix. 5.40r.
®iktpo eiobdou M - TOmou.
parog. AnAadn, o ouvduaopbg ge oxfpa M Tou MUKVWTHA Kai TNg auTenaywyng e§a-
¢davilel kGBe kupdTwon kail mapdayel cuvexn kai otaBepr Taon e§6dou (ox. 5.40T).

5.5 KikAwpa Simhaciaocpol Taoews.

To xuxAwpa dimAagiacpou rdoews (voltage-doubler circuit) emTpénel Tnv avn-
ol Tn¢ Tdoewg e§66ou Twv avopOWTIKWV KUKAWPATWY, XWwpPig HETAOXNHATIOTA O
onoiog eival oxeTikd Baplig arAd kai damavnpds. H Tdon e§66ou Tou KUKAWPATOG
auToU eival mepimou 2,5 popég peyalitepn and tnv Tipf) RMS (Root Mean Squa-
re) Tng TpododoTikig Taoews. 01 dimdaoiaoTég Taoews eival S0o TOMwy, TARPoUS
kUpaTog kal pigoU KOparog.

O émAaoiaorijs réoews nAfpous xuparog (full wave voltage-doubler) mapou-
o1GleTan oTo oxAua 5.5a. Kard tn SiGpkeia epappoyig Tng BeTikfg nuimepidédou
TAOEWS OTO PETATXNUATIOTH, TO pelpa eumodilerar and tn 6lodo A,, akoAouBel Tn
Siadpopn péow Tng 81660u A, (kdkkivn Siakekoppévn ypappr) kai éral poprileral
o nukvwrhig C,. Ze kukAWwpara ZP o nmukvwTiig popTiletar otn péyiorn Tdon. Ztnv
nepimTwon 6uwg Tou EP, Ta 240V eivai n evdeikvudpevn tédon. H péyiotn téon ei-
vai 1,414 ¢opéc peyahitepn, dnAadfy 340V. Av adaipéoope TV NTWON TACEWS
oTIg avTIoTAgEIS, Toug ukvwTég Kail Tig 81660ug, Tou efval epimou 10V, mpokdnTel
tadon 330V, n omola ¢optilel Tov mukvwTh C,.
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Ix. 5.5a.

AimAhaoiaoTiig Tdoewg mAfjpoug klpaToc.
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Katé tn Sidpkeia epapuoyi§ OTO HETATXNUATIOTH TNG ApVNTIKAG NUITTEPIGSOU
Taoews, To pelpa nAekTpoviwv avaxwpei and Tov apvnTikd (UMAE) akpodékTtn Tou
deuTepelovTog Kal dopTilel Tov mukvwTr C, akoAouBwvTag Tn diadpopi mou mapi-
oTdvetal e PrAe Siakekoppévn ypapun. AnAadn o mukvwTrhg C, doprileTal katd
Tn Sidpkeia Tou apvnTikol nuikukAiou TAoewg elcddou kGBe 1/50 Tou euTepoAé-
mrou, o &e mukvwrtrig C, poprileral katd tn didpkeia Tou BeTikoU nuIKukAiou Ta-
oewg eloc6dou, TaAI kGBe 1/50 Tou SeutepoAénrou. O1 U0 MUKVWTES eival guvde-
Sepévol ge gelpd kal kat@ ouvéneia n Taon e§ddou eival ion pe To dBpoiopa Twv
Tdoewv Twyv 800 TMUKvVwWTWY, dnAadn 330 + 330 = 660V. To onua eEd6dou Tou bI-
nAaciaoTh Tdoewc SiépxeTal amo To GiATpo eEopalivoews TATEWS TIPIV €PAPHO-
oB¢ei oTo doprio. '

O émAaciacrtijs rdoews moou kuparog (half-wave voltage doubler) daiveral
oto oxfjua 5.5B. ZTo kGkAwpa auTd, avtiBera amd 6,1 oTo KUKAwpa Tou SimAaacia-
ot Toewg MAfpoug kOpaTog, n €Eodog eival n Taon evég Pévo TukvVwTH, Tou C,.
‘Orav n Tédon €10680u éxel TRV MOAIKOTNTA PE Ta KOKKIVA MPAaNUa, N Por Tou pel-
parog akohouBei Tnv kdkkivn Siakekoppévn ypapur. ‘ETal, To pelua Siamepva Tn
biodo A, kai poprtilel Tov mukvwTi C, oe 330V, olpdwva pe Tnv moAikéTnTa TOU
oaiverar oTo oxApa. Katd tnv epappoyr Tou €MOUEVOU NUIKUKAioU Taoewg amd
TNV mnyA {nohm&qujie uAe mpéaonua), To pelpa péel MPog TNV avTtiBetn popd
(urAe Siakekoppéviyypappr), epnodiletal dpwg and Tn diodo A, kai Siamepvé Tn
Siodo A,. O mukvwTig C, eival 16n dopTiopévog oTn péyiotn Tadon Twv 330V, H
Taon e§d6dou yiveral érol ign pe Tnv TGon Tng TNyrg ouv TNV Taan Tou MukvwTh C,,
agol n moAikéTNTa T 00 auTwyv Tdoewv eival opdpporn. TeAikd, o mukvwThg C,
doptilerar kGBe 1/100 Tou SeuTepoArémrou oTn &iMAdoia mepimou péyioTn Tdon
g €lo6dou (oX. 5,5B).
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Zx. 5.5p.

AmhaciaoTfig Tdoewg piool KOpaTos.

Me mapdpoia kukAwpata eivar duvard va dimAacidoope, va TPITAQCIAOOHE
K.0.K, TNV Ton Tn¢ MNyAC, Xwpig va XpnoIJOTOoINCOoUE HETATXNHATIOTH. Ta KUKAW-
para auté éxouv pikpr anédoon yia moAAamAagiacud Tng TGoEWS Té€PaA amnod To Te-
TpamAdGoio kal yI' auté n edpappoyh Toug ws moAdandadiacTwv Tdoews (voltage
multipliers) mepiopileTai kTw amd autd To HpIo.

5.6 Av6pOwon oe noAudaoikG cuoTipara.

Sto oxApa 5.6 paivovral Ta kukAwpaTta avopBwoewg piool kai TARpous kipa-
TOg TPIPATIKAG TNYAS TAoews. OI TPOKUNTOUCESG KUPATWOEIG OTNV TEPITTWON au-
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Ix. 5.6.

~ AvopBuwrik@ kukAwpara piool kai mAfipoug kGuatog TpIpaoikig TNyig TGoews.

TA eival oxeTikd uwnAfig ouxvoTnTag, n &€ Xprion KukAwpaTog diAtpou ekapraral
and Tn ouykekpipévn epappoyn. KikAwpa avopBwoewg mAfpoug kdpatog ehap-
péletal aTov TPIPACIKO eVAANAKTAPA TWV AUTOKIVIATWY.

Kadoboc

P N S )
P @ y
1 Kadobog Mok Ka:'}ob og (K)
’AVO&E @ EUIJ.BOM
Ix. 5.7a.

EAeyx6uevor avop@urég muprriou: (A) yewpetpia, (B) kovol Timor.
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5.7 Eleyxoupevog avopOwTris mupitiou (SCR).

O edeyxdpevos avopBuwriis mupriou (silicon-controlled rectifier) 1 SCR
(Es-o1-ap) eivai ekGptnua amd nuiaywyipgo uAikd pe mapa moAAég epappoyég oTa
Biounxavikad nAektpovikd. O1 SCR xpnoiponoioGvTal kupiwg o€ kukAwpara eAéy-
Xou (control circuits), yia piBuion Tagewv Xwpig amwAeia 1oxtog. 01 cuvnBéaTe-
pe¢ edpapuoyég apopolv KUKAWPaTa eAéyxou NAEKTPIKWY pnxavwy, diataeig pop-
Tioewg ynarapiwv Kai KukAwyara diakonig. 1o oxAua 5.7a ¢aivovral opiopévol
koivoi TOmoir SCR kai n Baoikf yewpeTpia Tng ouokeuns. H guokeur) éxel Tpeig a-
kpodéxTeg Tnv dvodo (anode), Tnv xkdBodo (cathode) kai Tnv moAn (gate). "Onwg
oTnV MepimTwaon TnNg nuiaywyiung &166ou, o SCR édianepvaral and peldpa pdvov 6-
Tav epappdletal o' autdév mMéAwon opbrig dpopag. Aladépel Spwg and TNV Kovi
Siodo oTo 611 To péyeBog Tou pelparog auTol eival oAU pikpd, 6Tav n Taon mo-
AMDoewg (Yetallu avodou kal kaBbdou) dev Eemepva pia eAayxioTn TN, n omoia ovo-
paletal rdon unepfdoews opBijs gpopds (forward breakover voltage).

H 181aitepn xpnoipétnTa Tou SCR o€ kukAwuaTa eAéyxou, S1akormg kai pubpi-
oew¢ napoXi¢ 1ox0o0¢, odpeiletal oTnv €§fg XapakTnpIaTikA 1616TTA: ZTNV TEPi-
mTwaon mou n edpappolduevn Tdon moAwaoewg 0pBg dopdg eival moAl xapnAdTepn
¢ Thoews umepBdoews-0pOnig dopds, o SCR umopei va TeBei oe AeiToupyia pe
TNV epappoyr evog ofuarog eAéyxou atnv mOAn. H diéyepan Tou SCR anaiTei pia
eAaxioTn BeTikA Taon aTnv UAN (mepimou 2 V) mou Aéyetal rdon oxavédAns-noAng
(gate-trigger voltage). ‘Otav o SCR TeBei oe Aeitoupyia, n Taon eAéyxou oTnv mo-
An madel va éxel enidpaon aTo pelpa, o 6 SCR ouvexilel va Aeitoupyei akéun kai
av undevioBei n Tadon eAéyxou. H Aeitoupyia Tou pmopei va diakomei e avaoTpo-
®f TNg MoAwoews, 6Mwg yiveTal Kai oTov Koivd avopBwrTr.

1o oxfua 5.7B ¢aiverai éva kikAwua avopBwoewg pioou Kipartog pe SCR. H
Taon eAéyxou atnv mOAn kaBopileTtal and Tn Béan Tou dpopéa Tou peooTdrn R kai
eival mavra BeTiki, yiati epapudletar péow Tng S1660u A,. H péyiorn TIuA TNG TA-
gewg eico6dou kavoviletar va pn §emepva Tnv Tdon unepPBacews-opBiig popdg, w-
oTe n ekkivnon Aeitoupyiag Tou SCR va yiverair and Tnv Tdon eAéyyxou aTnv miAn.
Me To &popéa oTtn Béan nou ¢aiveral oTo axAua 5.7 (a), n Tdon ornv OAn eivai
éva pikpd kKAGoua tng petaBalAduevng Tdoewg elcddou kal untdpxel kaBuoTépnon
Héxpig 6Tou OTATEl oTnV TINA okavedAng yia va ekkivijoel Tov SCR. MeTtd Tnv ekki-
vnon 6pwe, Kai avekdptna and tn peiwon Tng Tdoewc otnv MUAN, o SCR guveyilel
va ayel péxpig 6Tou avaoTpadei n popd moAwoews. Otav o dpopéag Tou peoaTarn
R TomoBernBei otn Béon mou ¢aiveral oTto axfipa 5.7B (B), n Tadon eAéyxou mou
epapudleral ornv mUAN eival peyaAlTepo kKAdopa Tng TaGoewg €10050U, KAl TUVE-
mwg n TipA okavdaing epdavileral vwpitepa and mpiv. Emopévwg n exkivnaon Tou
SCR yiveral vwpitepa. Eival Aoimdv ¢pavepd 611 ye Tn plBUION Tou peoaTdrn, yUmo-
poUpe va eAéyxope To onueio evepyornoifoewg Tou SCR (kard tn didpkeia epap-
HoyfAg Tou BeTikol nuikukAiou Tng elocédou) kal emopévwg TNV 1oX0 €§ddou aTo
¢doprio.

O SCR avrkel oTnv Karnyopia Twv nuiaywyidwyv CUTKEUWY TTOU amogKomouv
oTov éAeyxo Tou pelparog. Emeidf) o éleyxog pelpartog emTuyxXaveral Kai he Au-
Xvieg 8uparpov (thyratron) Ta oToixeia mou anaptifouv Tnv ouaéa auTh ovopdlov-
Tai Bupiorop (thyristors).

TéMog, eAeyxbuevn avépBwaon nmAfpoug KUpaTog enrruvxdve'rm HE Jia CUOKeUn
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Ix. 5.7B.
KikAwpa avopBuwoewg piood koparad pe SCR.

ou Io0duvapei pe 560 SCR. To oUuBOAO TN CUOKEUNT auTrg ¢paiveTal aTo oxiua
5.7y kai ovopdaleral rpdrax (triac) | au@idpopoc eAeyxduevos avopBuwriic nupiriou.
Maparnpolpe 611 n cuokeur auth éxel 0o avédoug, pia TOAN, evw &€ S1aBéTel
kGBodo. To pelpa pmopei va Tn diamepva kai mpog Tig U0 kateuBUvaelg. AenTope-
péaTepn avdAuon Tng AeiToupyiag TNg CUTKEURg Ba yivel oTo €Bdopo kepdAaio.

) "Avobog(1)

Mikn O ‘Avobog (2)

Ix. 5.7y.
Z0pBoho eheyxdpevou avopBwrh mAfipoug klparog Triac.
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5.8 AvopBwrrig oeAnviou.

0 avopBwTrig oeAnviou karackeudletar amd moAAG oToixeia, Ta onoia cuvééov-
Tal mapdhAnAa kai Ta omoia armoteAolvTal and pia Baon aloupiviou emoTpwpévn
e oeAfvio (ox. 5.8a). H enioTpwon yiverar pe tn péBodo Tn¢ ekarpioews Tou UAI-
koU oe uywnAf Bepuokpacia. H &iéAeuon Tou pedpartog eival duvarh amd Tn Baon
mpog To geAfjvio (amé kGBodo mpog avodo). O avopBwTrg ogeAnviou emTpémnel Tn
S1éheuon evog pikpol peldparog Mpog TNV avTtiBern ¢opd katd Tnv epapupoyn ava-
oTpodng moAwoews. Ze oUyKpion Pe GAAoug avopBwTég, To pelpa auTo eival oxe-
TIKG peyaho (yopw oTd 4 mA yia ndAwon —10V) kail érol n avopOwaon eival AiyoTe-
po amodoTIKi and auTAV TIOU EMTUYXAVETAI HE NUIaywyipeg 810doug 1 816doug Au-
xvieg. ZTo oxfua 5.8 ¢aiveral évag avopBwTrig ceAnviou mou amoTeAeiTalr and
moAAG oToixeia cuvdedepéva mapdAAnAa. Zro B pépog Tou oxAuparog paiverar évag

Baom

LeAMVio

"Avobog Kadobog

_”_ Iy. 5.8a.

Baoikd oToixeio avopBuwr viou.
IUppodro : - I‘“’E}m

AvopdwTiC

Kataotohgag

Amoppogntipag
Jeppotntag

@ ®

Ix. 5.8p.
AvopBwrég ogeAnviou: (a) povada povodaoikf picol kiparog, (B) povada 60 A pe kataoTohéa yia
npooTacia ané uynAég Taoeis.
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avopBwTrg oeAnviou 60A pe owAnvoeréij karaoroAéa (suppressor) yia mpooTaagia
amné moAl uynAég Taoeig. Mpénel va TovioBei 611 o1 avopBwTég oeAnviou éxouv au-
oTnpd 6pia wg MPog TNV evepyd TIPMA TAoEWS €106080U KAl WG TTPOG TNV TIPA TOU Pé-
yloTou ouvexolg pelpaTog mou mapéxouv oto dopTio. Tuxdv unépBacn Twv opia-
KWV auTwVv TINWV ouvendyetal mAApn KataoTpodr Tou avopBwTh.
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KEGAAAIO EKTO
TPODOAOTIKA IZXYOZ

6.1 lMevika.

H AeiToupyia Twv NAEKTPOVIKWY KUKAWUATWY anaitei Tnv TpodpodOTNnoT| ToUg pE
evépyela undé popdn pelparog kail Thoews. ‘Onwg eival yvwaoTtéd n Aeitoupyia Au-
Xviwv anaitei upnAég Taoeig ZP kar uwnAd peldpara, evw Ta TpaviioTop anaitouv
oAl xaunAétepeg Taoelg kai pedpara IP. Opiopéveg NAEKTPOVIKEG TUOKEUES,
18iwg o1 popnTég, xpeidlovral kal e1dIkég pratapies. ZTIg MeEPITOOTEPES NAEKTPOVI-
kég ouokeuég, OTMWG auTég TTou amavTwvTal oTn Blopnxavia, ol TAgeig kai Ta pelpa-
Ta mou Xpeldlovral yia Tn Aeitoupyia Toug mapéxovtal and e1dika NAeKTPOVIKA Ku-
kAwpara, Ta omoia Aéyovral Tpogodorikd ioxuos (power supplies). O1 eicoéol Twv

KUKAwpaTwv autwyv eival ouviiBwg Tdoeig evalhacobdpevou pedpartog (EP), kai n
éfodocg 1 €Eodol, eival EP il ZP, avdAoya pJe TOUG CUYKEKPIUEVOUG OKOTIOUG TTOU EK-
nAnpolv. To oxnuariké didypappa Tou TpododoTikol 10XU0g daiveTar oTd oxAua
6.1.

EEoboL
)
EP o EP
Etoobog | — P :20 \danad
/ uog ) 5P
——

Ix. 6.1.
Fevikfi SiGTakn TpododoTikol 1oxbos.

Ta tpododotikd 1oxlog diakpivovral amd Tov TUTo Tng €i06dou Toug. ‘OTav n
€icod6¢ Toug eival TAon mou TpoépxeTal kat' euBeiav amd To TomKO NAekTPIKO &i-
kTUO AéyovTal Tpogoadorixd ioxuos EP (AC power supplies). ‘OTtav Ta TpododoTika
punopolv va Aeitoupyfioouv pe eicodo eite EP eite ZP, Aéyovral rpogodorixd
1oxdos EP-XP (AC-DC power supplies).

6.2 Tpogodormika 1ox0og EP.

Ta TpododoTikd 1ox0og EP ouvdéovTal an’ euBeiag pe Tnv TpododoTIK eykaTd-
aTaaon Tou Toixou, n omoia mapéxel EP pe tdon 240V kai ocuxvornta 50 Hz. in-
pelvope 6T o1 TIgég auTég IoxUouv yia Tnv EAAGSa kai Tig mepioodTepeg Eupwnai-
Ké¢ xwpec. ANo0O, 6rwe m.x. oTig HMA, n eykatdoTtaon Toixou mapéxel EP pe taon
120V kai ouxvornra 60 Hz. Zto oxnua 6.2a ¢aivetal n eykatdoTaon Toixou kai n
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240V
—= 4
I 1 t
1 I
—l SEd"—
, ! y50 I
Tpowobotino
toixov EP
Iy. 62a.

TpogoboTiké eykaTagTagews Toixou.

popdn EP mou mapéxel. Ta TpododoTikd 1ox0og EP ouvdéovral pe To TpodpodoTikd
EP Toixou péow evog KuKAWWPATOG, To omoio, avdAoya e TI avayKes, UPWVEl A xa-
punAwver Tny Ta@on. H aviywon i mmwon Tng TAoEw g eMTUYXAVETAI PE HETAOXNUA-
TI0TA N pe kKUkAwpa moAAanAaoiaopol Tdoews. Xto oxAua 6.2B ¢aivetar To ol-
OTNHA aVUWWOEWS A MTWOEWCS TNG TATEWS el00d0u Tou TpododoTikol 1axiog EP.

240V

Kixhwpa avu- 'E€obog
jD: Ywoewg q rww - > e
OEWC TAOEWCE XaL
pevpatog
I—b 'EEodog
e —— = TTWOEWC
Ix. 6.2p.
Z0oTNpa avuywoews f NMMWOoews Taoews Kal peuparog EP.

E{ooﬁog

O1 Taoeig mou mapéxovral and To KUKAWHA avuywoews i TMoews epapuolov-
Tal o€ avopBwTtikd kUkAwua, yia va pgetarpanolv ge gfuara maApwyv oraBepng
moAikéTnTas. ‘Onwg mepiypadpnke nén orto mponyoluevo kedpdAaio, n avopBwan
emTuyxavetal pe S166oug Auxvieg [ 61660ug NuIaywywy. ZTo oxApa 6.2y mapou-
o1aletal To TpododoTIKG 1oX00¢ TTou TepiAauBdvel Ta KUKAWPATA avUWWOoews -
NMTWoewS kal avopBuwoews. H é§odog Tou avopBwTikol KUKAWPATOG PTTOPET va €i-
val ofpa pe 50 maApoig ava deutepoAenTo (avopBwan piool kUparTog) f onua pe
100 maApouUg ava deutepdienTo (avopBwan mAApoug kOparTog).

MeTa To KUKAWMPa avopBuwoews, oTa TpododoTIKA 10X00G akoAouBei To KUKAW-
pa piATpou To omoio eival anapaitnTo yia Tnv e§opdAuvon Tou ofPaTog MaApwy oe

O] cvpin. Ky Y
avupwoswg- .
I TTWOEWC avopdwoswg 50 mapot 10 HEVTEPOAETLD

=, 100 a0 T0 BEVTEPCAET TO

Ix. 6.2y.
Kukhpara avuyioews - MTwoews kai avopBwoews oe TpododoTikd 1oX00g.
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xaBapéd ofpa IP. Ta ¢iAtpa autd eivar ikava va diagopdwvouv 1o avopBwpévo
ofpa o€ ofpa P piag ouykekpipévng TIAG, 0To ommoio ouvABuwg UTTAPXE! Wi Kupd-
rwon (ripple) mou &ev umepBaivel To 2% Tng Taoewg e§650u. TEAOG, N akpiBeia kai
n ota®epédTnTa TNG TAoEWS 1 Tou peluarog e§ddou Tou TpododoTIKOU 10XU0G ETI-
Tuyxdverai pe éva npéoBeto KukAwpa oraBepononjoews (regulating circuit) Tmou
éxel TN SuvaToéTNTA va PEIWVEI aKOUN TEPITOOTEPO TO péyeBOg TNG KUPATWOEWS
EP Tou ofjparog e€660u. ITo oxApa 6.28 daiveral n yevikA didaragn evog Tpododo-
TIKOU 10X00¢ Tou TepIAapBavel Ta KUKAWPATA aVUYWOEWS - TTWOoeEwWS, avopbw-
oews, GIATpapioyarog kai oTabepormoIfaews.

| ' 1 |
o ' I l
L | | |
| | Kuxwpa | . I , | :
ﬁ:):él___ avuuioswe — |La] KOXAWHA 1| Kunwpa 1| Kuowpa ot
' n:tw?auc woe- i mp&dmg I tp[?\':pcu H bepomﬁugmg E¥ob
Eloobog | | wg 1 pedpame | | | } Eobog
(240V,50Hz) I |
| | |
I | | !
A | |
/F\ | s N || +\V+V+ |I |
o U | | I
| | |
| 1 I |
[ |
Ix. 6.26.

Fevikf &iarain TpododoTikol 10X00S.

6.3 TpododoTika 10x0og EP-ZP.

Ta koivé TpododoTikd 1ox0og EP-ZP Aeitoupyouv eite pe am’ euBeiag olvéean
LE To TPOPOSOTIKG ToiXoU, Kai AéyovTal rpoodorikd ypappris (line - operated po-
wer supplies), eite cuvdéovtal pe To TPOGOSOTIKS TOIXOU PEOW HETATXNMUATIOTH,
kai AéyovTail Tpogodorind ue peracxnuanaori (transformer - operated power sup-
plies). To TpodooTIKS ToiXoU pIag BIOPNXaVIKAg EYKATAOTATEWS napéxel 240V EP
(50 Hz) 4 240V ZP. Ta TpodoSOTIKA PE PETAOXNHATIOTH A€ITOUpYOUV e 240V EP.

6.3.1 Tpogodorika ypappijs.

Ta TpododoTIKA ypappig €ival TUTKEUEG TTOU TIAPEXOULV Hia OUYKEKPIPEVN TaON
€£660u, N omoia xpnoipoToleital o€ Kamolo kKUKAwpa. ZTNV MEPITITWan Tou N apxi-
k) TINyr| Tapéxel Taon EP, evw n emBupnth Téon e§660u Tou TpododoTikoU 1axX00g
eival EP, Ta TPOPOSOTIKA YPAUPAG TTEPIEXOUV Ta KUKAWUATA avopBuiIoEwWwS Kal PiN-
Tpou Tou avaAloape OoTO TIPonyoUpEVo KEpAAaio.

6.3.2 Tpo@oSOTIKG pE PETAOXNUATIOTI].

H xpnoiudTnTa Tou petaoxnuatoTh ota TpododoTika 1000 eival moAUmAeupn.
O petacynuaTtioTg mMpoodépel Tig €§Ag UNMPETieg:
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1) Avuywver Taon f pedpa.
. 2) Mewver Tdon i pedpa.
3) NMapéxel fexwpioTég Taoeig ekTOg Ppaoews n pia and Tnv GAAn.
4) Anopovivel Tn SeuTepelouca and Tnv mpwrelouoa 1oXU (autd Sev 1axiel
YIO QUTOHETAOXNUATIOTEC).
5) NMapéxel petaBalAépevn Tdon otn deutepelouaa omeipa (peTaBAnTég auto-
. HETAOXNMATIOTAG).

H Aeitoupyia Tou petacxnuatioTd Baciletar otn ouvlnikn diatnpioewg Tng
1ox00¢, &nAadf oTo yeyovog 6T n 1ox0¢ €§6dou eival ion pe Tnv 10X0 elcddou.
‘Orav Aoimév n Téon avuywveTal, To pelpa PelwveTal avaioya. Av TLx. n Taon éi-
nmAaociacBei, To pedpa Ba peiwBei oTo ApIou yia va diatnenBei n 1oxUg (Iox0g €1 -
o66ou =1oX0¢g €Ed60u). To id10 10X0EI KaI OTNV TIEPITTTWON TIOU O HETAOXNHATIOTAS
Xpnoigormoleital yia peiwaon Tng Tdoewc. Av m.x., n Tdon peiwBei katd Téooepig do-
péc To pelpa Ba auinBei katd Téooepig popég, yia va ikavormoinBei n ouvenkn Tng
diatnpARoewg Tne 1ox0oc. O petaoxnuaTioTrg Bewpeital 611 éxel anddoon 100% o
autolg Toug umoAoyiopols. 1o oxfiua 6.3a ¢aivovral Ta KukAWPara Tou HeTa-
oXnuaTioTh yia aviywon Kai mmoon Taoews Pe Toug OXeTIKoUG unoAoyiopols.

M pwtevov Aeutepeiiov

:D:. 240V ” 480 v ® optio
1A

1/2A
L
240V x 1A=240WATTS 480V x~'2-A=24OWATTS
©
Mpwtevov Aeutepetiov

:D:_ 240V H 60V doptio

1A 4A

240V x 1A =240 WATTS 60V x 4A = 240 WATTS

®

' Ix. 6.3a.
MeraoxnuarioTig (a) avuywoews Tdoews, (B) peiioews Taoews.

Opiopévol peTaoXnNHaTIoTES S1a0étpuv EexwpioTég Arjyerg (taps) oo mpwTelov
kOkAwpa, waoTe va avripeTwmrifovral pe katdAAnAn emAoyr Tng eil06dou o1 Siago-
pég aTig Tageig Tng ypaupng and éva pépqg NG Xwpag o€ aAho (m.x. aAhou eivai
240V, ahhol 230V kAm.). ZuviiBwg 6pwsg, o1 §exwpioTég AfWeIS OTO HETAOXNUATI-
oti karaokeudlovral oto deutepelov kKUKAwpa. Térolol eivail o1 yeracxnuariaTés
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Ix. 6.3B.
MeTaoxnuaTioTiig Kevrpikfic AfYyews.

xevrpixiis Afjwewcs (oy. 6.3B), o1 onoiol mapéxouv duo ioeg Taoeig mou AapBdavovral
pE KoIvO Tov akpodékTn KevTpikig Afyews. ‘Onwg daivetal oto oxfiua 6.3B, To
pelpa oTta deutepelovTa Bpioketal oge diapopd dpdoews 180° wg Mpog To Mpw-
Telov KUKAwWQA.

. ‘Eva amé ta mAeovekTApata Tng XPrOEwWS WETATXNUATIOTH OTa TPOhOodOTIKA
1ox00¢ eival n amopydévwaon Tou deuTePeloVTOg KUKAWNATOG amd TNV NAEKTPIKIA Tn-
yA 1o0x006. H nAexktpikn 10x0g SlavéueTal oTa KTipia kai oTig Blopnxavikég eykara-
oTdgoelg pe Tpeig ypapuég petadopds. 01 dUo ypappég eival evepyég evw n TpiTn €i-
val oudéTepn f yelwpévn kal anmoTeAei kKoivod akpodékTn yia Tig 00 igeg TATEIg TTOU
nmapéxovTal and To nAekTpikéd SikTuo. ITa TPodhodoTIKG ToiXou unidpxel éva evepyd
kaAwédio kai éva oudétepo. O1 oubéTepol aywyoi SAwvV Twv TPOPOSOTIKWY TOiXOU
eival cuvéedepévol pali aTo kevrTpikd KouTi Tou KTipiou A Tou BlounxavikoU cuy-
KkpoTAparog kar amd ekei pe éva Bapl kaAwédio yelwvovTal €iTe ye alvodean o€ ve-
poowAfva eite ye glvdean oe petalhikr) pdBdo mou eival kappwpévn péoa oTo
Xwua.

ZTo oyxnua 6.3y daiveTal o TPOTIOG YEIWOEWS TOU HETATXNKATIOTH TTou e§aoda-
Ailel mpooTacoia oTov AvBpwro ou Xelpileral Ta TpododoTika 1ox00c. Av 0 epya-
Copevog ayyifel To olppa B mou eival yeiwpévo dev maBaivel TimoTe. Av Opwg, EVW
matdel o€ uypd Marwpa f vepoowAnva, ayyitel To alppa A.n NAEKTPIKA EKKEVWOT)
mou Ba akohouBAoel pyropei va eivar Bavarnddépa. Adyw Tou petaoxnuaTioTh 6-
pwe, To deutepelov Se ouvbéetal ar’ euBeiag e Tnv mnyn 10X00G, aAAd péow Tng
payvnrikig oulelewg Tou MpwTelovTog KUKAWHATOG Pe To SeuTepeliov. ‘ETal, av
_kamolog mdocel ABeAd Tou omoiadAmoTe ypapur Tou SeUTEPEUOVTOG KUKAWUATOS
‘Tou petaoxnuatioTh dev mabaivel nAekTpikd ocok. Mévo av mdager Tautdxpova Kai
Tig d00 ypappég Tou SdeutepelovTog Ba umoaTei TO NAEKTPIKO COK.

Jr/"‘\ 5
Y
A ] 1
|
:D: : I Aevtepevov
31¢ |
N |
B \\__;' o
Ix. 6.3y.

H amopévwon kukAwparog pe Tn Xpfion PETAOXNUATIOTH.
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Ze oplIoPéves NAEKTPOVIKEG TUTKEUEG, N oUvOean pe Tnv e§wTepiki Nyn 10X00¢
eivar Suvartd va yivel Xwpig petaoynuarioTr. Emiong, opiopéveg amd Tig CUOKeUEG
auTég xpnoiporoioUv To petarAikd Toug mAaigio (chassis) yia yeiwon. ZTnv mepi-
nTwaon auth undpxer mBavéTnTa 50% To nAaicio va eival evepyd pe pevpa EP, pe
oguvérmela 6tav kamolog To mdcel va maBe nAekTpiké ook. Eivar Aomdv pavepn n
avaykaiéTnTa Tou PETaoXnNUaTioTh oe TpododoTikd 1oX00g yia Adyoug aodaleiag,.

Téhog, emonuaiverar 611, 6Tav yiveralr Xprion QUTOUETACKNMATIOTH OTO TPOPO-
SoTikd KUkAwpa 1oX0o¢, To SeuTepeliov SEV AMOPOVWVETAI amd To MpwTeUov KO-
kAwpa 1ox0oc. To yeyovog auTtd yivetal avriAnmméd and To oxnua 6.36, oTo omoio
napouoiaovrai 800 auTopeTaoXnUATIoOTEG, TTOU €xouv Ta deuTepelovTa Kai Ta
npwTtelovra evwpéva (oTnv mpaypatikéTnTa anoteAolvrar and Tnv idia oneipa). H
apxf AeIToupyiag Tou QUTOPETACKNKATIOTH €ival idia HE AUTHA TOU KOIVOU PETAOXN-
patioTh. To petaBaAAéuevo payvnTikd medio mou oxnuarifetar améd 1o peTaBaAio-
pevo pelpa ato mpwrelov TOAIypa apdyer Taon e enaywyng oTo deutepelov. O1
AUTOPETAOXNUATIOTES XpnoiyomololvTal kapid popd oe TpododoTikd KukAwpara
10X00¢, Mapd To YEIOVEKTNHA TNG eAAEIPEWS AMOPOVIITEWS TOU KUKAWPATOG edap-
poyng amé Tnv mMpwTelouoa mnyn 10X00G.

o o

0

< Aevtepevov Npwtevov
m)—10
Agutepevov

—o o —0
Aviwor Nuwon

Ix. 6.36.
AU0 TOTIOl QUTOPETATXNHATIOTWV.

6.4 Avrioraon Siapponis.

Ye opiopéva TpododoTikd 1oXU0g, Xpnoipomoieital oTnv €é§060 Tou KuKAWPATOG
®ikTpou pia avrioTaon, mou ovopdleral avrioraon diappoijs (bleeder resistor) kai
efunnpeTei Toug mapakdTw okomoug:

1) Amnotekei 61€E0do ekdopTiogews Tou kKukAwpaTog diATpou peTd Tn Siakor

™™g 10X00G6.

2) Zav avtiotacn d¢optiou BonBei orn oxetikf oTraBepomoinon Tng TATEWS

efddou.

3) Xpnowgelel yia Tnv apoxn nepiocoTépwy e§68wv pe Tnv mpooBnkn evog a-

KPOOEKTN KEVTPIKAG ARYEWC.

210 oxfua 6.4a eikovileTal n olvéean piag avrioTdoews diappong o€ KUKAwPa
®iAtpou TpododoTikoU 1oxUog. ‘Onwg avadépBnke Adn kara Tnv availuon Tou Ku-
kAwpatog diktpou (mapdyp. 5.3), o1 mukvwTég dpopTifovTal pe TNV epappoyn Tng
Taoewc and To avopBwTikd KUKAwa, diatnpolv &€ To GopTio Toug eri MOAAES w-
pEeEg HeTA Tn &iakomm Tng 10xU0og Tpododoaiag Tou KukAWPaTos. Autd dnuioupyei
éva kivéuvo goK yia Tov TeXVITn, 0 omoiog pn yvwpilovrag Tnv Onapén Tou gopTiou,
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avopIwoeg T =
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Ix. 6.4a.

Av-rlcrmon 6mppoﬁg oe kikAwpa ¢iAtpou TpododoTikol.

Ba emixelpioel va emdiopOwoel i} va ouvtnphoel To TpododoTikd. O kivéuvog au-
T6¢ efaleideTrar pe TNV Unapin Tng avrioTacews Siapporg Ra, péow Tng omoiag
SiaxéeTal n evépyela TWV TIUKVWTWY PETA Tn diakor Tng 10006,

H avrioTaon &iappoig xpnaipelel emong Kal wg avtioTaon GopTiou. ZUYKEKPI-
péva, oTnv NepinTwon mou To KUkAwpa edpappoyrig, To omoio TpododoTeiTal pe
NAeKTPIKA €evépyela amd To TpododoTikd 1oxUog, amoouvdeOei advika, av dev
unapxel avtiotaon Siappong Ba epdavioBei oTo avoiktd kikAwpa uywnAr Taon
ef650u Tou TPododoTIKOU, He amoTéleoua va kataoTpadolv opiopéva oToixeia
Tou. O kivéuvog autdg anodelyeTtal pe Tnv Urapén Tng avrioTdoews diappong, n
omoia anoTeAei To dpopTio Tou TpododoTikoU GTav mapouciacBei avoikTéd KUKAwPa
otnv €fodo.

H avriotaon &iappofig cuuBdler emiong otn oTaBeporoinon Tng Tdoewg e§6-
Sou Tou TpododoTikol, emeldf BonBei oTn diatipnon piag oxeTikAg oTaBepdTnTag
‘Tng avTioTaoews ¢opTiou.

TéAog, n avrioTaon Slappofs, Pmopei va Xpnolpeloel Kal we Siaipérns Tdoews
efé6dou (output voltage divider) ue Tnv mpooB1ikn evog kevTpikol AATTN, drwg dai-
veTal oTo oxAua 6.4pB.

R
—e sy
|
|
Fa— p + L + I
Vwpa — R 100V
avopIwoawg 2= ~Ci z C2 "a ‘—T
[ sm—

Ix. 6.4p.
Avtiotaon Siapporis wg diaipérng Tdoews efddou.

6.5 PuBuioTég Tdoews TPododoTIKWV 10XU0G.

Opiopéva nAekTpovikd KukAwpata amaitodv TPopodoTIKA iox0o¢ mou va eta-
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odahlilouv Tipég Taoews peydAng akpiBeiag, o1 omoieg va nmapapévouv oTaBepég
aképn kai 6Tav peraBdAAetar To ¢opTio A n Taon TNg TPOPOSOTIKAG YPaUUNS.

O1 nAekTpovikég Siatatelg mou emTuyxdvouv Tn Siatfipnon oTaBepwv TIHWY Ta-
oewg pe ikavoroinTikh akpiBeia Aéyovral puBuioTés TpopodoTikwv 1oxUos (power
supply regulators). O1 &iatégeig autég eaopalifouv oTaBepédTnTa Tng TdoEwg ZP,
pe péyiotn andékAion nepinmou 1% andé Tnv mpokaBopiopévn TipA.

H Aeitoupyia Twv puBpIoTWV TpododoTikwy Ioxlog BaaileTal Kupiwg o€ S0
nAekTpovika oToixeia: Tn &iodo Zener (Zivep) kai Tn Auxvia puBupicews Tdoews
(voltage-regulating tube).

H &iodog ZAvep eival ma diodog mupitiou, n onoia eprodiler Tn S1éAeuon pedua-
Tog avdaTpodng dpopds, 6Tav n Tdon moAwoewg avdaTpodng popdg BpiokeTal kG-
Tw and pia ouykekpigévn TipA. ‘OTtav n Tdon moAwoewg avaoTpodng popdg Eeme-
pGoel TNV TIPA auTh, N diodog «katappéel» kai To pedpa avaaTpodns popdg Tn dia-
Tepva pe peydAn eukolia. H méAwan avaotpodng popds mou mpokalei Tnv «ka-
Tappeuon» ovopdletal rdon Zijvep ) rdon xarappevoews (breakdown voltage).
¥10 oxrjua 6.5a dpaivovral To aUpBoAo Tng S1680u Zener kai N XapakTNPIOTIKA Kau-
moAn mou Sivel ypagikd Tn oxéon pedparog kai Taoewg Tng i6dou. Maparnpolue
OTI oTNV TTEPIOXA TNS Taoew( katappeloews, pia oAl pikpr) yeTaBoAn Tng Taoewg
avaoTtpodng dopdg emdépel peydAn petaBoAn oro pelpa avaoTpodng Gpopdag.

I
MetapoXy : i
Woewg |-
| 1
_.ﬂ\_. L1 U
! oV
ZQMBDM' T&cn]
Suwobou va-:p Mftaﬂﬂl. 0
: M
pevpTOC NRTOPNC
Ix. 6.5a.

Z0uBoho kai xapakTnpioTikf) kaunoAn 8i66ou Zener.

‘Eto1, oTnv mepioxn auTth Aeitoupyiag Tng S168ou, n Taon eEd6dou mapapével oTabe-
pf yia kGBe petaBoAf Tou pedparog avaoTpodns popds rou diamepva Tn diodo. H
1616TNTa auTh Tng 81680u Zener Tnv kaBioTd 161aiTepa Xprioipun oTnv akpiBr pue-
pion Tng Tdoews e§6dou Twv TpododoTikwy 1oxiog. ZTo oxfua 6.5B ¢aiverar n
ouvdeapoloyia Tng 51680u Zener o€ cuvduaoud pe pia avrioracn nrwoews (drop-
ping resistor) oTnv é§060 Tou KUKAWPATOG BiATPoU Evog TpododoTikoU, yia Tn pUB-
gion Tng Tadoewg e§ddou TOU. -

01 &iodol Zener karatdoogovral o€ opddes, olpdwva pe Tnv Taon pubpicewg
(regulating voltage), To péyeBog 10x00g kai T péyioTn Tipf pedpatog. H emBuunti
Tdon otnv éEodo Tou TpododoTikol emTUyXAveTal pe glvdean o€ geipd evog api-
Buol s166wv Zener, 6nwg paiveral oto oxfua 6.5y. ZTnv mepimTwon auTh, n olv-
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Avtiotaon
TTWOEWS
1 ®LATpo = =
T~ ~
Aloboc
ZENER Pudpopevn
I taom eEobou
o P &

Ix. 6.5.
PUBuion Taoews eEbdou Tpodobdotikol roxlog pe Siodo Zener.

1
Avtotaon
MTWOEWS

30 Volt 51V +
g 51V 204 Volt
51y Puduopev
taon eEobou
5|1 "\c"l
o— . =
Ix. 6.5y.

PGBpion Taoews efbdou TpododoTikol pe 4 Sibdoug Zener.

Seon oe oelpd Tegadpwy 5166wy Zener Twv 5,1 V e§aodaliler puBpiopévn taon
ef6dou 20,4 V..

H pUuBuion Tng Taoewg e§680u TPoPOoSOTIKWY I0XUO0G PTTOPET €TiaNG VA EMTEU-
x0¢€i pe Tn xpAon Auxviwv puBuicews rdoews.

O1 Auxvieg auTég mepihapBavouv pia Gvodo kai pia wuxprj kdBodo (cold cath-
ode). Ta nAekTpddia auTd ektiBevral oe éva adpavég aépio (cuvriBuwg véov f fAiov
pe pikpf ToodTTa ané apydv). H kGBodog AéyeTtal wuxpr emeidr) e Beppaiveral,
6nwg oupBaiver oTig KoIvég Auxvieg. ZTo axfiua 6.56 daivetal To cUpBoAo Tng Au-
Xviag puBuicewg TaAoEwg MOU XpNoIPoTIoIEiTal 0€ NAEKTPOVIKA oxédia. H AeiToup-

‘Avobog

o e Kouxiba Tou (?T]qu:VEI.
on M Auxvia eivac

Wuxem €HATY [E CEPD
#G-0Boc YEHATT UE aEP

Iy. 6.58.
Z0pBoho Auxviag puBuicews Tdoews.
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yia Tng Auxviag autig Baciletar oto dpaivépevo Tng exmoumijs nAexTpoviwv Abyw
1oxupou nAextpixou mediov (high field emission). To ¢paivopevo autéd cuvdudaletai
HE TO PaIVOPEVO TOU IovIoHoU bia kpouoews (ionization by collision) Twv atépwv
Tou aepiou mou odényei oge moAAamAaoiaocpd Tou apiBpol Twv nAekTpoviwv Ta
omoia guAAéyovTal amé Tnv avodo.

AerrropepéaTepa, n Auxvia Aerroupyei wg e§ng: Me Tnv edpappoyn uywnAng Ta-
oewg petafl avodou kal kaBddou ameheuBepwvovtal nAekTpdvia and Tnv emda-
vela TAG kaBddou, xwpig Tnv pooaywyn BepudTnTag. Ta nAekTpovia auta Aéyov-
Tai mpwroyevij nA€xTpévia (primary electrons). To 1oxupd nAekTpikd Tedio Ta emi-
Taxuvel oe uynhéc Taxutnres. ‘Otav autd ouykpouaBolv pe Ta nAekTpoOvia Twv
atopwy Tou adpavoug aepiou, Ta amoamolv and Ta droud Tous. H améomaon auth
TwV nAekTpoviwv amd Ta Gropa Tou adpavolic aepiou ovoudletal roviouds Sid
Kkpouoews, Ta be emnAéov nAekTpovia mou aneAeuBepwvovTal e Tov TPOTIO AuTd
Aéyovtai Seurepoyevij nAextpbvia (secondary electrons). Ta mpwToyevh kai Ta
SdeuTepoyevi nhektpdvia ouléyovrar 6Aa pali and Tnv dvodo. Zto oxfpa 6.5¢ er-
kovileTal mapaoTaTik@ To paivopevo Tou 1oviopol dia kpoloews oe pia Auxvia pu-
Buicewg Taoews. Me Tn ouAoyf Tou peyaAlTepou autol api®uol nAekTpoviwv

4 Ewappoyi
vdmANG TLEDEWE

Agutepoyev)
NAEXTpOVIA

Ix. 6,5e.
loviopég oe Auxvia puBuicewg Tdoews.

ané Tnv Gvodo, evioxlieTtal To pelpa mou Siamepva Tn Auxvia kal JeIldveTal N Ecw-
TepIkA TnG avrioTtaon. ‘Etal, pe To Eexivnua Tou loviopol emTuyxdaveTal n por| pel-
partog, n onoia mader pévo 6Tav enéABel Siakont oTo kikAwpa. O1 Auxvieg OA2 pu-
Buicewc Taoewc xpelalovral pia rdon exxivijoews (starting voltage). Ztn Auxvia
0A2 n.x. anaiteital Tdon 185 V yia va Eekivijoel o 1oviopds. MeTd tnv exkivnon, n
Auxvia aut) mapéxel puBpiopévn Tdon 150 V ZP, pe pelpa mou kupaivetar petagl
5 ka1 30 mA. Z1o oxfua 6.50T daivetal To kikAwpa pe Auxvia pubpicewg TGoews,
ouvdedepévo pe To KOKAwpa Tou ¢iAtpou Tpododotikol 1oxU0G.
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Avtiotaon
T TWOEWE

Amo avopdwn] A~ ©®iktpo A~ 200Volt

150Volt doptio

0A2

%x. 6.50T.
PGBuIoN Taoewg pe Xprion Auxviag puBpicewsg Tagews.

6.6 PuBmibpeva TpododoTikG 10x00g pe KukAwpa avarpododoricgews.

S1a TpododoTikd 1ox00¢ pe podiaypadég oTabepng Taoewg peyaAng akpiBeiag
kal xwpic kaBéAou anokAicelg, n pUBUIon Tng Taoews e§66ou Tou TPohodoTiKoU
viveTal pe Tn xpron xuxAdparos avarpogodorijoews (feedback circuit).

1o oxfAua 6.6a daivetal n diadikacia puBpicewg Tng Tdoewg e§d6dou Tou Tpo-
dodoTikol pe kikAwpa avaTtpododoTtriioews. H Tdon e§d6dou Tou TpododoTikol pe-
Tadiderar oe éva auykpirii (comparator), 6rmou aBpoileTal alyePBpikd pe pia rdon
ZP avagopds (DC voltage reference). H Tadon auth kavoviletal amd 1o XeIPIOTH
oTnv emBuunTA TIPA Mou Tipémel va éxel n Taon e§6dou Tou TpododoTikol 1aXUOG.
AmoTéAegpa Tng ouykpioews auThg eival To arfjpa apdAuarog (error signal), To
omoio evepyonolei To kOKAwpa Tou puBuioTh yia Tn 816pBwon kal oTabepomoinon
™™g TIAg TnNg Taoewg €§66ou Tou TpododoTikou.

Tdon ypayymg(E P), A . (£P)taon e£oboy
——{ Awvopdurig dLAtpo Pudpotic

Iipa 0@alpatog —Jrﬂmtpolpobétnun

I

Taon —> Zuyxpuig
avagopag

Ix. 6.6a.
AkpIBfic pOBuion Taoews pe Xpfion avaTpodosoTATEWS.

1o oxfAua 6.6B ¢aivetalr To nAekTpovikd KUkAwua oTaBeponoifgews TATEWS
evog TpododoTikol 10X00g He nuiaywyipa otoixeia. To TpaviioTop Q, eival o ouy-
KpITAG, 0 omoiog ouykpivel éva pépog Tng Tdoewg e§6dou (BV,) pe Tnv Tdon avado-
pdg Va . n omoia diatnpeital otaBepri pe Tn &iodo Zener: Ry eivan n avrioTaon
mrwoews. H dagpopd BV, — Va evioxterar and To Tpaviiotop Q,. Av n TGon
elcodou V; (tdon e§6dou Tou PpiATpou) aufnBei katd AV; (m.x. Adyw petaBoAng Tng
TAoEWS TNG YPAppAg), n Tdon e§ddou V, Ba auinBei eAdaxioTa evw Ba aunBei To
petpa otnv avrioraon R, AnAadn, nadgnon AV; oTtnv eicodo Tou kukAwuarog Ba
epapuocBei otnv avriotaon R, kai oto Tpaviiotop Q, (adol n Taon pertafl Ba-
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Ix. 6.6B.
KikAwpa oraBeponoifigews Taoews ekddou TpododoTikol 1oxlog HE nuiaywyiya oToiXeia kal ye
avarpododoTnan.

O€wg kai ekmoumou eival pikpn) kar étar n Tdon efd6dou V, Ba mapapeivel mpakTika
apetaBAnTn. H ipA Tng Tdoews e§680u KavovileTal pe TNV Tipf Tou ouvTeAeoTn B,
-n oroia pe Tn oeIpa Tng pubpileTal pe Tov Spopéa, HwS paiveTal oTo oxnua 6.6B.
Ze TpododoTIKG TIou Tapéxouv aTabepn Taon peydAng akpiBeiac, o OUYKpITAG €ival
évag dragopixds evioxurijs (differential amplifier) avri Tou TpavlioTop Q,. Ta Tpo-
dodoTikG auTd eival moAU mo Sdamavnpd.

6.7 AvaoTpodeis kai peTarponeic.

Ta TpododorTikd 10x00g mou peAetioape petarpémouv EP oe EP pe kukAbpata
avopBuoews, diAtpa kal kukhbpara puBpicews. Yndpyouv BéRaia kai Siatdgeig
Tou mpayuatorololv petatpory ZP oe EP. Ta kukAwpara mou emTUyXAavouv Tn
peTaTpomA auTh ovopdlovral avacrpogeisc ZP-EP (DC-AC inverters). Eiva emiong
duvaro va petatpéyope IP xaunAig Tdoews oe P uwnArg Taoews. Ta kukAWparta
Tou emiTuyxdvouv auTh Tn peratpomiy ovoudlovral perarpomeic EP-ZP (DC-DC
converters). Xto oxAua 6.7a diverar n oxnuarikf mapdoTacn evos avacTpodéa
ZP-EP kai evég petarpomnéa IP-ZP. .

Or avaotpogeig ZP-EP petarpémouv auviiBwe xapnhés taoeig P o€ uynAdTe-
peg Taoeig EP. Mpwra yiverar petarpornt| Tng xapnArg Tdoews P oe xapnAr Taon
EP kai katémv aviywon Tng Tdoewg EP pe xpnoipomoinon evog petaoxnuatiors
avupwoews. Xto oxnua 6.7 daiveral évag avaoTpodéag IP oe EP pe TpaviioTop.
ZuvorTikd, n Aerroupyia Tou kukAwparog eival n efg: 6Tav To TpaviioTop Q, evep-
yomoin®ei, dyel mpog Tnv karelBuvon mou Seixvouv Ta kOKKIva BEAN, evid To Tpav-
GioTop Q, adpavei. Autd éxel wg anoTéAeopa To pelpa oTo SeuTepeliov Tou ueTa-
oxnuarioTn va éxel avtiotpodn dopd (kékkivo BéAog). ‘Otav To Q, madoer va dyel,
evepyorioleital To Q, To omoio dyel TPog TNV kaTeGBuUvON TTou Seixvouv Ta pmAe Bé-
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Ry———— .
Avaotpopeag —
oV
Eioobog £P EEobog EP
200V
12— ,
- Metarpomeag »
oV e— ov
Eloobog £P ‘EEobog LP
f
Ix. 6.7a.
IxnuaTiki mapdoTacn avacTpodéa kal peTaTporéa.
Q "
A C )
}l ‘EEobog EP
Q; -

Ix. 6.7B.
AvaoTtpodpéag IP-EP pe tpaviioTop.

T

Zx. 6.7y.
Kokhwpa petarponéa ZP-IP pe tpavlioTop.
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An. ‘Etol, To pelpa oTo Seutepeliov TOU HETATXNUATIOTH avaoTpédel Tn Gpopd Tou
(urAe BéAog).

To kOkAwpa Tou petatporéa P ge ZP nepiéxel éva kikAwpa avaoTpodéa, 6-
nwg ekeivo Tou oxAuartog 6.7B n €é§odog Tou omoiou edpappdleTal oe eva avopBw-
M. "ET01, n XaunAf Taon P petatpéneTtal oe uynAi tdon EP, n omoia otn ouvé-
X€ela avopBuwveral kal GpIATpApeTal e TO YvwoTO TPOmo o€ opahn Tdon ZP. To ku-
kAwpa evog petarponéa IP-ZP ¢aiveral oTo oxniua 6.7y. NMaparnpolpe 611 n €€o-
So¢ Tou avacTpodéa ouvdéeTtal pe TNV €icodo Tou avopBwTiKoU KUKAWPATOS. ZTO
kOkAwpa autd, n €Eodog Tou KUKAWpaTog OmMwg Kai n €icoddg Tou V eival Taoelg
ZP.
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KEODAAAIO EBAOMO
AAAA BIOMHXANIKA HAEKTPONIKA EEAPTHMATA KAl KYKAQMATA

7.1 Fevika.

Amé Ta moAudpiBua nAekTpovikd e§apTApaTta kai KUKAWHATA TIoU anavTwvral
oTi¢ Blounxavikég epappoyég, oTo kedpahaio autd Ba oulnTnOoUlV ekeiva pe TN pe-
yaAOTepn edappoyh. Zuykekpiyéva, Ba mepiypadolv To BeppioTop, Ta GWTO-
eheyxbpeva otoixeia, n &iodog pwroeknoprnig, To SCR, To TRIAC, To DIAC kai
KukAWpaTa eAéyxou dpdoewg pe SCR. Télog, Ba avarTuxBei n péBodog katepya-
oiag peTGAwv pPe NAEKTPIKA exkévwan.

7.2 OeppiocTop.

To Beppiorop (thermistor) eival nuIayWYIHO OTOIXEIO TIOU KaTaokeualeTal amd
Ta ofeidia opiopévwy peTdAwy (oupdvio, vikéAio-payyavio, Benkd apyupo) kai €i-
val 1810itepa euaioBnTo oe oAl pikpég ahhayég Tng Bepuokpaaiag. H xapaxTnpi-
oTIKA 1616TNTa Tou BeppioTop €ival 6TI n eCwWTEPIKN Tou avTioTaon MEGTEl onuav-
TIKG pe oxeTIKG pikpA atgnon Tng Beppokpaaiag. H 1816TnTa auth ovoudalerar ap-
vnTiké¢ ouvreAeatiis Bepuoxpaadiag (negative temperature coefficient). Zro oxfua
7.2a ¢aiveral ypadikd n oxéon Tng avrioTdoews Tou BeppioTop wg pog Tn Bep-
pokpacgia, kaBuweg kal To NAekTpoviké Tou oUuBoAO.

I

Avrtiotaon

Beppoxpaoia

©

Ex. 72a.
a) Kapmihn avrioTdoews - Beppokpaciag, B) nAextpovikdé oluBoho Tou BepuioTop.
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Ix. 7.2B.
OeppioTop oe kikAwpa ehéyxou Beppokpaaiag.

Ta BepuioTop éxouv MoAAég edappoyég ae Biopnxavika NAEKTPOVIKA KUKAWHaA-
Ta eAéyxou Beppokpacias. ‘Eva Tétolo kUkAwpa pe BeppioTop yia Tov éAeyxo
Bepuokpaaiag ¢paiveral oTo oxfiua 7.2B. ‘Onwg daiveral, To BeppioTop mepiopilel
Tn pon peldpartog mpog Tn Bdon Tou TpaviioTop Pe OXETIKA pikpr TITwon Tng Bep-
pokpaciac. H enmakoAouBoloa amdkpion Tou Tpaviiotop emdpd oto efwTepikd
KOKAwpa, To onoio eAéyxel To avolyokAeioiyo Twv 600 enaduv.

Mia ouviiBng Biopnxaviki epapuoyf Tou BeppioTop eival o éAeyxog Tng Bep-
pokpaciag uypol oe Sefaueviy. ZTnv mepimrwaon auth To BeppioTop TomoBeTeiTal
yéoa oTto uypo.

Mia GAAn edpappoyi Tou BepuioTop amavrtdral oTn PéTpnon TN oTabung uypou
oe Sefapeviy. Ito oxfua 7.2y ¢aiverai n &idrafn yia Tn pétpnon auth. Mepikd
OeppioTop TonmoBetolvral oe Siddpopa Oyn Tng defaueviis. KaBe BeppioTop eival
ouvdedepévo ge oelpd pe éva Aapmdkl kai pia iy ZP kai, 6Tav To uypd kaAlwel
To BepuioTop, n Bepuokpacia Tou MédTel e anoTéAeapa va aunBei n avrioTaon
Tou Kai va oBficel To avtioToixo Aaumdaki.

]
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A

Ix. 7.2y.
Mérpnon ordBung uypol pe BepuioTop.

AP,
Lo
)
<
5
10T\

et



Ry

Ix. 7.26.
ZtaBepomoinon Taoewg pe BepuloTop.

‘AN epappoyh Tou BeppioTop anavrdral oe kukhwparta eAéyxou Tdoewg. ‘Eva
TéToI0 KUKAWpA daiveTal oTo oxApa 7.28. ‘Eva BeppioTop o€ geipd pe pia avri-
otaon R, ouvdéetal mapaAAnAa pe Tnv avriotaon ¢oprtiou R evog KUKAWWUATOG,
oTnv omoia n Taon V npémel va &iarnenBei orabepn. ‘Otav, m.x., auinBei n avri-
oraon Tou doptiou R, peidverar n Tdan Tng avtioTdoews R, kai au§averai n tdon
V oto doptio. Zuyxpbvwe aufdveral n Bepuokpacia Tou BepuioTop, ondTE PEIVE-
Tar av@Aoya n avrioTaor Tou kai emTpémnel va Sianepdoel peyaAuTepo pelpa Tnv
avrioraon R, kai To BeppioTtop. “ETol, n Tdon oTo doptio emavépxeTal oTNV apXIKN
Tng TipA. H péBodog auTr oTaBepomoifoews TAoEwS propei va amodwaoel akpiBeia
pe péyiorn amdkhion péxpl 1% amd pia ouykekpipévn Tiph Tdoews.

7.3 dwro-eAeyxopeva oroixeia.

H épeuva Tng TexvoAoyiag Tng oTepeds karaordoews (solid state) odAynoe aTnv
avakdAuywn moAAWvY aToixeiwv Tou éxouv Tnv 1I816TNTA TNS «PwTo-€vaioOnaiacy
(photosensitivity). H Aertoupyia Twv ¢pwTo-€uaioBnNTWV NAEKTPOVIKWY OTOIXEIWV
Baaoiletal oTnv mapoucia fi TRv amouoia Tou pwTdg. AnAadi n evépyeia Tou PwToS
xpnoigornoieitar yia Tnv adénon Twv aywyigwv nAekTpoviwv kal emopévwg yia Tnv
avinon Tng aywyipéTnTag Tou nuiaywyod. Ma 1o Adyo autd Ta nAekTpovika autd
oroixeia ovopdlovral pwroaywyiua (photoconductive), i pwroaywyof (photocon-
ductors).

01 epappoyéc Twy PwToaywywv KATatdooovTal g€ TPEIG OPAdes. ZTnV TTPWTN
evradooovTal ol epapuoyéc ON-OFF, ériou kamoio kUkAwpa kAeivel 1 avoiyel pe Ba-
on Tn SdianioTwon anouciag | mapouoiag pwTtde. ITn Seltepn opdda evrdooovTal
ol onmiko-avaloyikés (optical-analog) epappoyég, oTig omnoieg To peTaBaiAdpevo
ofipa pwtdg petarpéneral oe avahloyikd petaBarldpevo nAekTpovikd pelpa. Té-
Aog, aTnv TpitTn opdda evrdooovTal ol epapuoyég mou adopolv TNV avixvevor
aoBevuv onpdrwy (detection of weak signals). H opdda auth 6 Ba pag armaocyo-
Ajoel, yiati dev éxel Biounxavikég edpappoyéc.

O1 pwToaywyol urteigépyxovtal guxva ota KukAwpara eAéyxou moAAWwY Biopn-
Xavikwv epappoylv. Mevikd, o1 ouokevés auvayeppou (alarms) kai aodpaleiag me-
piéxouv pwTroaywyols, oToug omoioug kateuBuveTal pia Séoun GwToS TOU TIPOEP-
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xeTal and kanoia mmyr. ‘OTtav To ¢pwe Siakorei, n avrioTaon Tou pwToaywyol pe-
TaBaAMAetal, pe ouvénela va avoiel fi va kAeioel kanoio kGkAwpa, To omoio Bétel o€
AeiToupyia kanoia ceipfiva 1| Bétel ekTdg AeiIToupyiag To unxavnua nou MpETel va
mpooTareloel.

Mia Tumkf epapuoyr] dwroaywyol aTn Biopnxavia anoTteAei n Xpnoigomnoiou-
pevn oto cloTnua aoddAeiag kauoTthipwy. O éAeyxog Tng mapoxns kadaiung UANg
oTov KauoTApa eival amapaitnTog yia va amogeuxBei o kivéuvog expriews. ZTo
oxfua 7.3a ¢aiveral n diarafn mpooTaciag evog kauaTrpa and ékpnn, oTnv mepi-
mrwon mou Ba officel n pwTnid kai Ba cuvexioBei n TpododéTNON TOUu KAuaTHpPa
pe kadaun UAn. ‘Oco To pwg and Tig PpAGYeg pwTilel To pwToaywyd, To cUoTNUA
eival oe 10oppormia. ‘Otav oBficouv o1 HAGYeG, 0 eAeyxdpevog avopBwTrg upiTiou
evepyorolei Tov NAekTpovOpo, ol omoiog diakdnTel TNV Tpododoaia Tou kauaipou.
Ze mahaidTepoug TUmoug ouaTnudTtwy, avti Tou SCR expnoiponoieito Auxvia 80-
patpov. Zfjpepa xpnoigomnoieital armokAeloTikG o SCR, emeldn éxel pikpdTEPO KO-
oTog, eival pikp6Tepog oe PéyeOog kai éxel peyahuTepn didpkeia {wig amd Tn Au-
Xvia B0parpov.

Xwpog
pikewg

@ @ @ = ouroaywyis
L

HAexTpovopog 3

SCR

‘EXeyxos
e ppowpaoiag

Ey. 7.3a.
KixAwpa npooraciag kauoTipa pe pwrtoaywyd kai SCR.

‘Evag TUnog pwroaywyol pe oAAég epappoyég atn Biopnxavia eivai n gwro-
efaprwpevn avrioraon (light dependent resistor) 4 LDR (EA - vtn - ap). ZTo oxfpa
7.3B (a) ¢paiveral n yewperpia tng LDR. Kipio oroixeio Tng LDR €ival To nAekTpo-
810, To péyeBocg Tou omoiou MPoadiopilel TNV TIPA TAGEWS Kal TN GWTEIV POT) TTOU
anairoGvral yia T Aerroupyia Tng cuokeuns. To mAdTog M Tou nAektpodiou [ox.
7.3B (B)] mpoadiopilel Tnv TAon oTnv oroia AEITOUPYEl N CUOKEUT|, EVW TO UAKOG
Tou M npoadiopilel Tn pwTelv) pof, Tnv omoia &éxeTar n cuokeur). To pfikog Tou
nAektpodiou pmopei va petaBaileral yia didpopes epappoyég. Zto oxhpa 7.3B(y)
daivovral SiGdpopa oxfpara Tou nAektpodiou, Ta omoia kaBopifovral and To ayw-
yiHo uAik6. Mepikég amé Tig Biopnxavikég epappoyég Twv LDR eival or efrig: Ev-
SeikTeq OéTewc Kal oTAOUNG, TIPOEISOTOINTIKES CEIPFVES Kanvol kal SiappAgews,
ouoKeuég peTprioewy, éAeyxog SlaoTdoewy, KukAwparta eAéyxou aoddaAeiag, apio-
uNTIKOG EAEYXOG, KUKAWHATA OUYKPIoEWS, EVOEIKTES porig aépa, Yndiakd BoATOpE-
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Ix. 7.3p.
lewperpia piag LDR.

Tpa, pubuioTég TpododoTikwy Iox00g Kal GpwTdueTpa.

‘AAo dwTo-euaioBnTo oToixeio eival n gwrodiodos (photodiode), n omoia eivai
adiadaviig nuiaywyiun emacdf P-N. AnAadn &e Siamepvdral and To dwg, aAAG avri-
BeTa, éxel Tnv 1&16TNTa va deopelel Tn dwTelvh evépyela. ‘Eva peydAo pépog Tng
evépyeiag auTg, mou petadépetal oTo ecwTepikd TNg diGdou and gwrdwvia (pho-
tons), abionoleital pe Tn dnuioupyia nAekTpoviwv-onwyv. Autd cupBaivel kGBe do-
pd mou éva pwTtbvio ouykpoUeTal pe éva NAeKTPOVIO Kal TO UTTOXPEWVEI va eyKaTa-
Aeipel Tn Béon Tou (BeTikd 1ovigpévn), oméTe kai dnuioupyeital éva Jedyos nAe-
xTpoviou-omijg, 6nwg daiveral oto oxfpa 7.3y. Ta {elyn mou &nuioupyolvTal pa-
kpud and Tnv emadn Tng di6dou cupBaiiouv otnv adinon Tng aywyipwéTnTag (A
peiwon TnNg avTioTaoews Tou KPUoTAAAoU), 6Tweg akpIBWS Kai oTnVv TEPIMTWoN TWwV
pwToaywywv. Andé ta {elyn nAekTpoviwv-omwy mou avarnriooovtal moAl KovTa

\ \@wtévm j
_é’@éf@ g @g’é
o) J

FUpBoro Ywiobobou

P Emayn N 7 E}'\(Dg
MAEXTPOVIOU - OTLTIG
Ix. 7.3y.

Aetoupyia pwTobid6dou kar To nAextpovikd Tng oluBoho.
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atnv emaon Tng di6dou, o1 omég mou dnuioupyolvTal oto N-pépog Tng did6dou ma-
pacUpovTal and To nAektpooTartikd medio Tng emadAg, Tnv diamepvolv Kai €I0ép-
xovtal aTto P-pépog, evid Ta nAekTpdvia Twv {euywv Tou dnuioupyolvral aTto P-
pépog, diamepvolv Tnv emadr kai odelouv pog To N-pépog (ox. 7.3y). ‘Erol, ano-
TéNeopa NG pwTeIviig evépyelag TTou poamimTel atn 6iodo, eival n avamruén nAe-
kTpovikoU pelparog, To omoio Siamepvd Tnv emadn Tng &16dou. To pelpa auTd,
emeidf dnuioupyeital amdé dpwreiviy evépyeia, ovoudleTtalr pwropedpa (photocur-
rent).

H ¢wrodiodog eivai évag peradddrrng (transducer) mou peTaTpémnel GwTEIVA
evépyela oge nAexTpikf. Emeidr) n empdveia tng emacrig P-N eival oxeTikd pikpn
emBaAAetal ouykévtpwaon Tng pwrelvig S€aung aTnv emadr, yeyovog mou emTuy-
xdveral pe Tn xpnoigomoinon ¢akwv. O1 mepioodTepeg Biounxavikég epappoyég
Twv dwTodi6dwy anavTwvTal oe pwroperpnTés (| pwroavixveurés (photodete-
ctors). O1 pwroavixveuTég éxouv pey@An TaxiTnTa anokpicews, pe xpovikr aTabe-
pd (time constant) mou kupaivetal yetakl 1 psec kai 1nsec(!). O1 ouvnBéaTepol,
TOrmol pwrodibdwv efval and mupitio (yia ¢dopa pwtdg perafd 0,82 pm kai
1,1 ym) A and yeppdvio (yia ¢pdopa dwrtdg petafv 1,4 um kar 1,9 pm).

Téhog, éva pwTro-eAeyxOpevo aToixeio pe MOANEG Biopnxavikég epappoyég eival
To gwro-rpaviiorop (phototransistor). To ¢pwToTpaviioTop €ival nuIaywyiun ou-
okeur] MoAU mo euaio®nTn otn ¢wrTevi aktTivoBoAia ané Tn pwrodiodo. ZuviiBwg
xpnoipomoleital oe olvdeon Koivol ekmoumol Pe avolkTd kUkAwpa oTn Bdon Tou,
 6mwg daivetar oto oxfpa 7.38(a) kar 7.38(B).

Zudhentng
| Ic
N
Axtivopohia + [
<3 P | Baon _'|'__ Vee e Gk
N
Exroumnog H
v ©

Ix. 7.36.
. Zovbeon ¢wrtorpaviioTop.

H akTivoBoAia eaTiGletar aTtnv mepioxn Tng emadrig P-N 11pog To Hé€POG TOU GUA-
AékTn. H P-N eradr mpog Tnv mAeupd Tou exmopmol moAwveral eAadpd oTnv opbr
dopd, evd n emadn P-N mpog Tnv mAeupd Tou TUAAEKTN TTOAWVETAI OTNV QVACTPO-
on ¢opd. H pwrelvi evépyeia dnuioupyei {elyn NAeKTPOViWV-0MWV Pe Tov TPOTIO
" mou mepiypadnke mponyoupévwg, Ta omnoia gupBdilouv otnv avanTugn peduarog
lc Tou guAAékTN.

7.4 Aiodog ¢pwroekmouniis.

“Evag Tomog nuiaywyipng 81680u pe moAAég Biopnxavikég epapuoyéEg eivai n éio-
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do¢ pwroexmopmis | LED (Light Emitting Diode). H &iodog auTtii Aeitoupyei kard
Tpémo avrioTpodo and Tn dpwrodiodo, Snhadf perarpénel NAekTPIKr evépyela o€
dwrevn evépyela. H epappoyi nAexTpikiig evépyeiag «SIeyeipen Ta aywyipa nAe-
ktpbvia Tng §16dou auk@vovrag Tn duvapikn Toug evépyela. Me Tn «diéyepony au-
T, Ta nAekTpbvia Sev amokTolv euoTadr evepyeiakn kardoTtaon, aAlAd oxedov
apéowc emavépyovTal oTnV apxIikf TOug eVePyelakr) KatdoTaorn, eKméumovrag pw-
Tévia pe evépyeia fon nipog Tn Siadopd evépyeiag petall Tng «Sieyeppuévney Kail TNG
euoTaBolcg evepyelakig kataoTaoews. H diapopd auTi| eival xapakTneioTikh Tou
nuiIaywyigou uAikoO kai emAéyetal €101, WOTE N akTIVOBOAIa Twy eKTEUOpévwy
dwToviwv va epminrel oto opatd ¢pdopa. MNa Tnv karackeur] Twv LED xpnoipo-
mololvTtal ouviiBwg olvBeTol nuiaywyoi, mou amoteAolv ouvduaopoulg I-V kai
11-VI Tou mepiodikol mivaka Twv oToIxeiwv.

H ouvnBéoTepn Biounxavikf edpappoyf Twv LED (EA-n-vm) ocuvavrdrar ge
apiBunTikolg mivakeg diadpdpwy petpntwv. O1 eveikteg autoi ovopalovral «adga-
voupépixy (alphanumeric) kai mepiéxouv éva apiOud LED oe oxnuatiopd oxapag
(4 x7,56x7A/7 x 9 dowrevwv onpeiwv) | 7 euBiypappwy TERpaTwy, omwg gai-
vetal oto oxfipa 7.4a. ‘Evag amoxwdikomomrijs (decoder) perarpémer Ta nhe-
KTpovVIKA ofjpara mou avtioToixolv oToug Sidpopoug xapakTipes i apiBuols, o€
€181kd ofjpara nmou evepyomoiolyv Tig katdAAnAeg LED kai éral oxnuarifovrai o1 813-
dopor xapaktipeg | apiBuoi. ZTo oxfApa 7.4B ¢aiverar To kUkAwpa piag d166ou
LED pe To xapaktnpioTiké gOpBoAd Tng.

OEmEE0 T
EOO0O0OE
Jululs] |
OEmmE0 e
E0O00Om
EO0COm
OEEED T
Ix. 74a.

Xpfion LED oe «aAda - voupépike evbeikTeg.

o

LED
E\;spyorwsé v\ —
ofua > 1l s
= Ix. 748.

_ T KiokAwpa epappoyfic LED.

7.5 XapakrnpioTikG Tou eleyxépevou avopBwri nupitiou.

Zto méumro kepdAaio meplypddnke n Aeitoupyia Tou eleyxdpevou avopOwri
niupitiou (SCR). To nAekTpoviké autd efaptnua éxel mapa mMoAAég Biopnxavikég
epappoyég oe kukAwpara eAéyxou. ‘Omnwg To TpaviioTop, €Tol kai o SCR éxel TOA-
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A xapakTtnpioTikG mou mpodiaypagouv Tn Aeitoupyia Tou. Ta onuavrikéTepa Xa-
PAKTNPIOTIKG TOU TepiypadovTal mapakdrw:

MéyioTn anéToun kOpavan Tou peduartog opBiig dpopds. AnAadh n
péyioTn TIpA pelparog opBig dpopdg katd Tn Sidpkeia evaAiayis.

H péyiorn mipf pedparog mou umopei va epapupocBei atov SCR pe
TNV MOAN avoikTh.

To anmairolpevo pelpa okavd@ing.

To pedpa aguykparijoews (holding current) mou anaireitai yia T Aei-
Toupyia Tou SCR.

H anairolpevn tdon okavdd@Ang mou edpapudletar otnv mOAN.
H péyiorn Tipf Tdoewg opBRg popdg katda Tn didpkeia evariayrg.

H péyiorn Tipf Tdoewg opBRg popdg mou epappdleTal aTnv mUAN.

Z1o oxfpa 7.5a ¢aiveral n xapaktnpioTik kaumiAn Tou SCR. ‘Onwg BAémope,
pe Tnv TTOAN avoikTr {Ig = 0), o SCR xpeialetai Tn péyiorn Taon unepBacews yia
I

Peupa
09'3'[19
popag

Epappoy buapopwy
pevpatwy, oxavbaing (Igt)

Ig =0
Pepa _—— ==
ouy‘apatnuwg s
(Ihg) oM URMEPBAOEWS
Vv

Epappoyn | Taon opdng popag

HEYLOTOU PEVHATOG

onavbaing

Ix. 7.5a.

XapakmnpioTikf} kapmiAn SCR.
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va Aeitoupyhoel. H Téon auth ouviBuwe kupaiveral petaft 200V kai 1000V. ‘Otav
o SCR 1eB¢ei ge Aeitoupyia, n Tdon Tou diarnpeital oe xapunAd emineda, petafi
0,7 - 1,25V, avahoya pe Tnv TigA peluarog opBng popdc. ‘OTtav n TiuA Tou peldpa-
TOg Tégel KaTw amd pia eAdXIoTn TIPA TTOU avTIOTOIXEl OTO PelUa CUYKPATACEWS
{Ihg}, diakoémTeTal n Aeitoupyia Tou. '

O kupidTepog mapdyovrag mou AauBaverar unéyn yia Tnv emAoyr Tou SCR, €ei-
vail n 1kavéTnTa Tou va avTipeTwtilel andTopes aukfoeig 1 KUPAVOEIS TNG TATEWS
mou epappdlerar ornv Gvodd Tou. Ag umoBégope OTI pia oTaBepiy Tdon 10 V
epapudlerar otov SCR, evw n mOAn 6e cuvdéeral ye Tnv Tdon okavdaAing, 6muwg
¢aiveral oo axfpa 7.5B (a). Eme1dr| dev epapudlertal Tdon okaveaAng, n KeVTPIKN
ermadn P-N Tou SCR eival moAwpévn avaotpoga. H mOAn eival BeTIKA wg mpog TNV
kdBodo kai apvnTiKA wg mpog Tnv dvodo. Av mapouaiacBei §apvikd kGuavan oTnv
Tdon avédou [ox. 7.5B (B)] kai Siapkéoel meploodTepo Xpdvo amd To Xpbvo armo-
Kpioewg Tng mMUANG, Ta nAekTpdvia mou delyouv and Tnv kGBodo Snuioupyolv
pelpa okavdéaAng otnv mUAn kai Bétouv oe Aeitoupyia Tov SCR o€ akatdAAnAn
oTiypr mpdypa mou pmopei va emépel TNV karaoTpodr Tou. MNa To Adyo auTd, n
ikavéTnTa Tou SCR va avripetwnilel mpoBAfuaTa unepTdoew, amoTerei onuavTi-
K6 KpITAPIO aTNV €mAOYf TOU yia ouyKekpipéves epappoyés. TeheuTaia, éxouv Ka-
TaokeuacBei SCR mou pmopolv va avTipeTwnifouv Kupavoeig peyéBoug pepikiv
XIMadwv BOAT(!). Or ouvnBéoTepeg kupdvoelg odeilovTal GTOUS PETATXNUATIOTES
kard Tn SiGpkeia Siakorrig-emavalerroupyias, §advikés allayég oe emaywyika
quopTia, N katd Tn diGpkeia Tng andToung epapuoyig A Siakomrg dopTiou oTo K-
KAwpa.

A
Peupa xupavoswg .
Taon |
avobou
Vp 2071 Kupavon
10
Xpovog t(sec)
Ix. 7.58.

AvTipeTihmon kupdvoewv and Tov SCR.

7.6 KokAwpa éAéyxou dphaoewg pe SCR.

O €éAeyxog Tg TaxUTnTag NAEKTPIKWY pnxaviv eival éva ouxvéd mpdBAnua oTig
Bropnxavieg. MaAaiétepa, yia To agkomd autd expnoiyomoleito n Auxvia BUparpov,
n omoia moAwvérav oe diGpopa enineda Taoews okavdaAng kar gupmepidepdTav
wg petaBAnTég avopBuwtig mou éAeyxe Tnv TaxiTTA TWV BlopNXavikWy nAEKTpI-
KWV pnxavwv. To pey@ho péyeBog Tng Auxviag, amoteAdoloe mpéBANUa pe Tic pi-
Kpég Kupiwg nAekTpikég punxavés. H emvénon Tou SCR éAuge To mpéBAnua auTs,
olya - o1Ya € n epapupoyri Toug emekTAONKe Kal OTIG eyAAeg NAEKTPIKEC PNXaAVEC,
o€ onyeio pdAiora oi SCR va éxouv MARpws avTikataoTAoe! Tig Auxvies Buparpov
ota kukAwpara eAéyxou TaxiTnTag NAEKTPIKWY PNXavwV.
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0 éheyxog Tng TaxUTnTag piag NAEKTPIKNAG HNXavig emTuyxaveral ye To KUkAwpa
eAéyxou pdoews (phase control) Tng 1oxUog EP pe SCR. H &diadikaoia eAéyxou ¢a-
oewg emTeAeital pe Tn Siakomf kai amokardoTaon Tng Ioxlog EP oe katdAAnAa
onueia Tou nuiTovoeldolg KUPATog, Mou avTimpoowrmelel Tnv 1ox0 EP.

1o oxAua 7.6a ¢aiveral n yeviki diarafn Tou kukAwpartog eAéyxou paoewg pe
SCR. Eivai pavepd 611 0 SCR eréyxel To pelpa oTn pia nUITEPiodo Kai emTPEME!
Tnv mapoxf 1ox00¢ Mpog To ¢opTio pévo katd Tn Sdidpkeia Tou SeUTEPOU TETAPTOU
Tou kGBe BeTikol BeTikoU nuikukAou (k6kkIvn TIEPIOYXT) TOU arfjparog elocddou. Na
va cupmepiAndBei kai o apvnTikdg NUikukAog Tou onparog eicodou otnv éodo
xpnoipormoleital GAog évag avopBwTiis oe mapdAAnAn olvéeon pe Tov SCR o6mwg
¢aivetal oo oxfua 7.6B. Me To kUkAwpa autd epappdleTal oAGKANPOg 0 apvnTi-
KO¢ nuikukAog Tou oxfuartog eic6dou oTo dopTio, OMwe daivetal aTo idlo oxAua.

I —— Etoobog
Pevua goptiou

| e I

"Ereyxog

o——  doptio

Ix. 7.6a.
levikf) S1GTakn kukhwpaTog eAéyxou paoewg pe SCR.

—— Etoobog
—— Pgbua woptiov

I I
o———1  dopuo
SCR
0¢
E .
‘EAeyXog

Ix. 7.68.
‘EAeyxog ¢phoews pe SCR (uwiobg Betikdg nuikukAog + oA6kAnpog apvnTikdg).

)

:E C)i----———lh

=]

o+—

Mia xpfioiun mapahAayr Tou mapandvw KUKAWHarog yia Tov éAeyxo TaxdTnTag
pnxaviv pe petaBoAf Tng 1ox00g amd undév péxpr Tn péyioTn 10X0, anoteAei n S1G-
tafn Tou oxfuarog 7.6y, otnv onoia xpnoigonoiobvrar 800 SCR oe mapGAAnAn
gOvdeon. O éAeyxog autds Aéyetal mAfpous kbparog, yiati emdpd kar oToug 600
nuIKUKAoug 1oxU06.

Télog, oo oxfua 7.68 daiveral To kGKAwpa eAéyxou TaxiTnTag NAEKTPIKOU Ki-
vnTApa mou AeiToupyei pe ovopaoTikA TipA Tdoewg yopw ota 80 V. To ofjua eAéy-
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o—n——1 doprti0 T—
SCR '"EXeyyog
; h 4 y
Ff;;?b%zg SCR —— Etoobog
EP —— Pelpa woptiov
‘Eheyxog
Ix. 7.6y.

‘EAeyxog dpéoewg mAfjpoug kiuaTtog pe SCR.

R,
u "
Myn Ro
Loxuoc
% G Kunuipag

Ix. 7.66.
Edapuoyfi SCR oe kikAwpa eAéyxou Taxlrnrag kivnThpa.

xou mpokUnrel and Tn olykpion Twv Tdoewv V, kai V,. H V, eival n Tdon avago-
pag kai To péyeBbg Tng pubpileTal pe To MoTevaidpeTpo R, TNV TIWI TTOU QVTIOTOI-
Xei otnv emBupnTA TaxiTnTa Tou KIVATAPA, €V N Taon V, petaBaAerai. Zkomndg
TOU KukAwpaTtog eAéyxou eival va Siatnpfioel Tn V, 600 To Suvatd mo KovTd oTn
Tigf Tng Taoewg V,. ‘OTav n tdon V, unepBei Tnv Tipn Tng Tdoewg V, o KivnThpag
nepioTpéderal pe TaxdTnTa peyaAirepn and Tnv emBuunTh. H diodog A, moAwve-
Tar avaoTtpoda (V, > V,), e amotéAeopa o SCR va nadoel va dyel. H Taxdtnta Tou
kivnTApa apyilel va méoTel, evy mapdAAnAa n taon V, peiiveral. MéAig n tdon V,
néael katw amd Tnv Tipf TN V, (V, < V,), n diodog A, moAwveral pe opOA dopd kai
enavadépel oTo kUKAwpa Tov SCR. Me tnv au§nuévn napoxr pelpaTog oTov Kivn-
pa n TaxitnTa Tou apxilel va auvkGveralr maA kar n mapanavw Siadikacia eAéy-
Xou emavaAauBaverar ouvexws.

7.7 Audidbpopog ereyxopevog avopBwrrig mupitiou.

O augidpouos eAeyxduevos avopBuwriis (bidirectional controlled rectifier) R
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TRIAC (tp&iak) eivan évag Siakdémrng EP amd mupiTio pe Tpeig akpoSEKTEG, 0 omoiog
HTopei va evepyomoinBei eiTe pe BeTikN €iTe Yye apynTiki Tédon okavddAing H xa-
PAaKTNPIOTIKA TOU KaumoAn ¢aivetal oto oxAupa 7.7a pali Tn yewueTpia Tou Kal To
oUpBoAé Tou. ‘Omwg daivetar o TRIAC éxer Tpeig enadéc petall Twv TPILV a-
KpodekTWY Kai emeldr éxel Tn duvatdTnTa va ayel kal mpog Tig dUo SieuBivaoelg,
Sev umtidpxel péyiorn avdoTpodn Taon unepBagewc.

Q¢ akpodéxTeg éxel 00 avodoug kai pia mUAn. H Taon uepBaceuwg kabopifeTal
(6mwg kai orov SCR) amd To pelpa opOrig pophc mou edpappdleral oTnv moAn. MNa
va Aeitoupyrioel o TRIAC oTnv avtiBetn Sie0Buvon, Ba mpénel n mOAwon va aAAd-
Eel popa. '

‘Avobog M
I 1
; ; 'Avgbog
Taon unepfacewg
0pIig Popdg A”"f"g N P
B N
L .
7 v
. CRCT. . Avobog
Taon vreppacewg J ; 1 o
opIMg Yopag
‘Avobog
2
‘Avobog
2
Ix. 7.7a.

XapaktnpioTikf) kapmiAn, yewpeTpid kar gGpBoAo TRIAC.

Zro oxApa 7.7B mapouaoidlovral o1 §00 Suvartég ouvOAKeg TTOAWOEWS €VOC
TRIAC: oTo pépog (a) Tou oxfuatog n moAn Tou TRIAC éxel moAwBei pe BeTikA Ta-
on kai o TRIAC dyel ané Tnv évodo 1 mpog Tnv avodo 2. 210 (B) népog n AN éxel
moAwBei pe apvnTikA Téon kai o TRIAC dayer ané tnv dvodo 2 npocg Tnv dvodo 1.
‘Kai oTig 800 nepimrwoeig n moAik6TnTA TNG avodou eival avTiBeTn mpog TNV moAi-
kOTNTa TNG TAoews MOANG. ‘OTav epapuooOei tdon EP petalld Twv o avédwy, n
moAikéTNTa TwY 500 AUTWV AKPOSEKTWY evaAAdooEeTal e TN ouxvoTnTa TNS Edap-
polépevng Tédong. O éAeyxog TnG MUANG eival amodoTikdg éTav n moAikdéTnTa TNG TTU-
Ang evaAhaoageral pe Tnv idia akpiBuig ouxveTnTa. AuTd emTUYXAVETAI PE EDAPUO-
yf ornv mOAn g idiag mnyrg EP mou edpappdletal aTig U0 avdodoug, pe katdAAnha
pelwpévn Tdon wote va un emepacBei n péyioTn emTPeTOUEVN TIUA.

ITI¢ MepioodTepeg edappoyés Twv TRIAC mpoBAéneTal mpooTacia Twv aKpo-
SekTwv ané mBavég anbTopeg Kupdvaelg ou Tpoépxovtal ané Tnv myf EP. MNa
To okomd autd kabwg kal yia Tnv anmopuyl aveSéEAeyKTwY «TUPOSOTACEWVY TOU
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Ix. 7.7B.
NéAwon opBris pophg avédou 1 kai 2 Tou TRIAC.

TRIAC, xpnoiyomoiolvral apgidpopor diodol diakérreg EP (DIAC) oe ouvduaaud
pe Toug TRIAC.

7.8 Audidpopog diodog Siakémrng EP.

‘Eva, etioou xpfioipo pe Tov TRIAC, nAektpovikd ekdpTnua eival o augidpopog
diodog Sraxémrng EP (bidirectional - diode AC switch) i DJIAC (vraiak). O DIAC é-
vel kai rpog Tig 600 SieuBlvoeig, étav n epappoldpevn taon EP Eenepva pia ouy-
- Kekpipévn TipA (tdon unepBdoewc). O DIAC, 6uwg, Sev éxel mpOTBeTO AKPOdEKTN
mOANg kai €Tal Sev eAéyxetal ané Taon okavdding émwg o TRIAC. O1 DIAC xpnoi-
poroloUvTal ge kukAwpara eAéyyxou EP, yia va mepiopicouv amdTopeg diakupdv-
o€ig TTou prmopolv va karaoTpéyouv aAAa nuiaywyipa e§aptiuara émwg ol TRIAC:
Z1o oxApa 7.8 ¢aivetar n xapakrnpioTikA KaumiAn evog DIAC, n yewpeTpikAq TOu

1 ‘ﬁvti}bog
Taon UMEPPAOEWE
! -Av}n N . P hﬁlvogog
/! ; :
Tdon urepaoewg
'nw;bog
‘Avobog
2
Ix. 7.8. ‘Avobog

XapakrnpioTikfy kaumiAn, yewpetpia kai oGupoio DIAC. 2
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&1Gragn kai To oGpBoAo kukAwparos. Maparnpolpe, 611 N Taon unepBdoews éxel
HIa ouykekpipévn TIPA, mou eival iS1a kai yia Tig 800 &1euBivoeig Tou pelpaTog op-
8¢ dopdc. Zrov DIAC Sev undpxel pelpa okavddAng (6mweg otov TRIAC), nou va
puBpiler Tnv TipA Tng Toewg unepBhloews. H ecwTepikr| avrioTaon Tou DIAC, 6-
Tav dvel, eival moAl pikpn. ‘ETol o€ kGBe edpapuoyh mpoBAéneTal n oUVEETH Tou pe
pia avriotaon oe geipd, WoTe va anopeuxOel N karacTpodn Tou.

7.9 Karepyaoia per@AAwv pe nAextpikij exkévwon.

H xpnoipomoinon nAekTpIKiAG EKKEVIWOEWS OTNV KaTepyacoia Twv PeTAAAwv eival
pia véa kal oAU evéiadépouca Biopnxavik péBodog mapaywyric HETAANIKWV
efapTnudrwyv. H péBodog auTth, mou ovopdleTal karepyaoia pe nAexTpixl exkévw-
on (electrical discharge machining) i EDM, xpnoipomoiei Tn 8eppdTnTa mou mapd-
vetal and nAexTpikf ekkévwon, yia va adaipéoel UAKS and éva KoppdT peTdAlou.

Zro oxfpa 7.9a daivetar To oxnuarikd Sidypappa Tng Baoikhg diatdlewg Tng
peB6sou EDM. Mia nny 1ox00g ouvexolg pelparog ouvéeTtal Pe To NAekTpdSI0
Kal Y€ TO TTPog KaTepyaoia avTikeipevo. To nAekTpddio nailel pdAo kommikol epya-
Aeiou. H mmyr 1ox00¢ eival avaykn va TpodpodoTtiioel apkeTd pelpa yia va Snuioup-
ynBei nAekTpikd 1680 peTafl Tou nAekTpodiol kal Tou PO KaTepyacia avTIKEIPé-
vou. To &inAexTpikd uypbd péoa oTo omoio eival BuBiopéva To avTikeipevo kai To
kKaTw pépog Tou nAekTpodiou Adyw Twv pOVWTIKWY 1810TATWY Tou puBuilel TNV
nAekTpIKr ekkévwarn. Apxika mapouoi@lel peydAn avriotaon otn Siéheuon pedpa-
T0o6. M6Aig bpws edpappooBei pia ouykekpipévn rdon Sraondoews (breakdown
voltage), To &inAexTpikd Siaomdral kar dnuioupyeital nAekTPIKA ekkévwon.

P

My HAEYE08
oy U0 pobio
2 AT b

ATAEXTPOO uypé

/

1

HAextpon] exxevwon

Avtuieipevo watepyaotac

Ix. 7.9a.
Baoikfy &1iGragn yia Tnv katepyaoia perdAlou pe nAexTpikf] ekkévwon.

H amoreAeoparikétnra Tng pe®ddou EDM oTnv kaTepyacia Twv HeTANwY
efapraral and To pubpbd Tng KaTepyaoiag, To SINAEKTPIKS, TN CUXVOTNTA TWV EKKE-
VWOEWYV, TNV unepTopr, To UAIKG Tou nAekTpodiou kai To UAIKG Tou avTikeipévou
Karepyaoiag,

O puBubg (rate) katepyaciag oxerileral pe To Ba60g TNG Komfg Tou UAIKOU, Ka-
Owg kai pe TNV TaxlTnTa agpaipécews uhikol. KaBe ouokeuri EDM xapaktnpilerar
ané éva xpovodidypapua adpaipéoews uAikol, To omoio peTpéral o€ wpeg. H mood-
TnTa adpaipéoewg uAhikol ouviBwg Kupaivetal ané 25 péxpr 120 kuBikd ekarooTd
uhikoU Tnv wpa. MeyaAdTepog puBpde adaipéoews uhikod amaitel BERaIa uynAb-
Tepo pelja.

To &inAekTpiké oTIg guokeués EDM éxel Tpeig okonolg. PuBuilel To pelpa ek-
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KevWoews, mpokalel wokn kai kaBapilel To avTikeipevo katepyaoiac amd Ta amo-
KopuéVa cwparidia.

K&Be &inAektpiké mpoBaAAer peydAn avriotaon otn Siamépaon NAEKTPIKAG
evépyelag péxpig evog ouykekpipévou opiou edpapuolbuevng Tacews (Tdon dia-
ondoewg), ondTe enépxetal Sidomaon kai Siarepvaral and pelpa pe popdr eKKe-
vwoews. ‘Etal n emAoyi To0 dinAekTpikol kaBopilel autépara TRV MogdTNTA TOU
PelPATOG EKKEVWITEWC.

"AMog mapéyovtag mou eAéyxel Tn pofl Tou pelpartog eivar n amdéoTacn Tou
nAexTpodiou amé To avTikeipevo Karepyaciag: 600 peyaliTepn eival n anéoTaon
auTh}, T600 MEPIOOGTEPN NAEKTPIKA evépyela Tipémel va epappoodel yia va én-
pioupynBei ekkévwon.

Emeidn n nAekTpikn ekkévwan mapdyel peyaAn BeppdTnra, n opahf Aeiroupyia
Tng ouokeufic EDM amaitei Tnv kukAodopia evég péoou wikews yipw amd Tnv emi-
ddvela Tou katepyalbuevou avrtikeipévou. H avaykn auTth kaAdmreTar and To iSio
10 &INAeKTPIKG LYPO, TO Omoio SloxeTeleTal UNO Tieon, péoa amd éva eCWTEPIKO
kavaAi Tou nAektpodiou, oTnv emodveia katepyaoiag. H oxerikh Sidran daiveral
oTo oxfua 7.9B.

AUAEXTPIND UYPO
pUEEwg umo mieoy
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Ix. 7.9p.
Wokn pe &inkekTpikd uypbd uméd mieon.

H ext6Eeuon Tou dinAexkTpikol uypol umd Tieon kai n por Tou Mavw oTnV €mi-
daveia karepyaoiag, mapaclpel Ta anokoppéva owpaTidia, kai €Tl N TEPIOXA TNS
katepyaoiag kaBapileral anmoreAeoparikd. Av Ta cwparidia autd dev amopakpuv-
©o0v ané To XWpPo TNG EKKEVWOEWS, SnuioupyolvTal uwnAd pelpaTa EKKEVITEWC,
Ta omoia karaoTpépouv Ta karepyaldueva gvTikeipeva.

‘Eva ané Ta onpavtikétepa nheovekTipara Tng pe@6dou EDM oTnv katepydoia
Twv petdMuwv eivar 6T efaodahilel peydAn akpiBeia oTig avoxéc katepyaoiac. H
akpiBeia autr $OAvel péxpr 0o XIAM0OTE Tou ekaTooTouéTpou, yi' auTd Kal n pé-
Qobog éxel moAég edapuoyég oTnv Kataokeun epyaleiwv uwnAic akpiBeiac. Mevi-
kG xpnoipomoleital kal yia padikf mapaywyn petaAAikwy efapTnudTwy péong akpi-
Belag.
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H uwnAf akpiBeia mou napéxel n péBodog EDM, emTuyxdveral ye TNV emAoyr
TNg kata@AAnAng ouxvéTnTag Tou TpododoTikol 1o0xUos. H ouxvoéTnTa autr kabopi-
el Tov apiOpé Twv NAEKTPIKWV eKKeVWOEwWV avd SeutepOAenTo. Av .. Xpnoipo-
noinBel auxvéTnTa evég Hz, 6An n evépyeia Tng eKKEVWOEWS epapuodleTal o€ €va
onueio oTo katepyalbpevo uAiké kai étai n korr yivetal o€ BaBog. Av epappoodei
ouxvoTnTa 8Hz, n evépyela TNG EKKEVIDOEWS KATAVEUETAI O€ OKTW SIaPOPETIKA
onueia Tou UAIkoU, pe anoTéAeopa va adaipolvTal ioeg TOoTOTNTES uAikoU amé me-
pioobTepa onpeia pe kahiTepo «divipiopar. ETo axhua 7.9y daiveTal mapaoTaTika

n emidpaon Tng ouxvéTnTag oTnv akpiBeia Tng apaipéoewg Tou UAIKOU Kal OTO-

oxfiua 7.96 To kOkAwya Tou puBuilel TN CuXVOTNTA TWV EKKEVWOEWV.

1Hz 8Hz

\ Duxd watepyaoiag

Ix. 7.9y.
Eniépaon ouxvétnTag oTnv akpiBeia Tng katepyaoiag.

My 1 wyvoc
IP

WngLaxo
POk Q HAextpobio
nmn:lo——oq- A o
TP Ogt—0 ==
Bo
R -
Ix. 7.96.

Kikhwpa puBpioews ouxvoTnTag EKKEVWTEWY.

“Evag GAog napdyovrag mou xapaktnpilel Tnv amédoon Tng ue®ddou EDM ei-
vai n Aeyopevn umepropri (overcut). Yneptoun eival n emddaveia epappoyng Tng ex-
Kevioews aTo kaTepyaldpevo uAIké, n omoia ouviiBwg unepBaivel Tn Sdiatour| Tou
nAextpodiou. ‘ETal, o1 Tehikég SiaoTdoelg Tng katepyaaoiag emnpediovral Téoo amd



TNV uneptouf 6co kai and Tn Silatoun Tou nAekTpodiou.

TéMlog, onuavTikG cupBaAer otnv anodoTikdTnTa Tng peBdSdou 1o UAIKG TOU
xpnoigoroleital wg nAektpddio. H emAoyn Tou yivetral avéloya pe Tov emBupunTéd
puBué karepyacoiag, Tnv moodTnTa TOU UAIKOU TTOU adaipeital kai Tov TUTTO Tou UAI-
koU Tou katepydletal. H emAoyr authi yevikd miepiopileTal oe uAika ou ouvdud-
Touv kaAf aywyipéTnTa kai MoAU uywnAd onpueio TASewg, dnwg eival o xaAkog, o
ypaogitng, o opeixaAkog KA.

\BP
Lo
)
<
5
10T\

et



AyyAikri OpoAoyia

Amplification: evioxuon

Amplification factor: ouvrereoTic evioxi-
gEwg

Amplifier: evioxuTfg

Anode: avodog

Astable: aoTaBrig

Autotransformer: auTtopeTaoynuaTioThg

Base: Baon

Base - pin: Bdon pe mepdveg

Beam forming plates: mAakidia oxnuatiopol
béopng

Beam - power pentode: névrodog 1oxlog &é-
oung

Bias: moAwaon

Bidirectional controlled rectifier: audidépopog
eheyyopevog avopBuwrhig

Bidirectional - diode AC switch: audidpopog -
&iodog Siakdrrrng EP

Bistable: &i0Tafng

Bipolar: &imoAikég

Bleeder resistor: avriotaon &diappong

Breakdown voltage: Téon katappeloewg (dia-
ondoewg)
Bridge circuit: kOkAwpa yédupag

Capacitance (interelectrode): xwpnrikéTnTa
(8inAexTpodiakn)

Capacitor (trimmer): mukvwTig (Bon@nmikég)
Capacitor input filter N - type: ¢iATpo pe nu-
KvwTth oTnv eicodo ge oxApa N

Carriers: dopeig

.Cascade connection: &iadoxikf] oGvéean
Cathode: kGBo08og

Center - tapped: kevTpikig AfYews

Cold cathode: wuxpfi kGBodog

Collector: ouMAéxTng

Common base amplifier: evioxuTrg koiviig Ba-
OEWG

Common collector amplifier: evioxuTric koivol
GUMNEKTN )
Common emitter circuit: kUkAwpa koivol
exmopmol

Comparator: ouykpITfig

Conductor: aywydg

Control circuit: kOkAwpa eAéyxou

Control grid: oxapa ehéyxou

Converter: perarpomnéag

Coupling: o0Zeukn

Current: pelpa

Current gain: képbog (anmohaBf) pelpartog
Crystal ovens: eoTieg kpuoT@Ahou

Damping: anéoBeon

Decoder: anmokwdikomoinTig

Depletion area: mepioxf] KOTAKEVWOEWS
Differential amplifier: Siadpopiké¢ evioxuTig
Direct coupling: an’ euBeiag ouleutn
Distortion: mapapdppwon

Double - base diode: diodog dimAfig Bdoewcg
Doping: mp6ouiEn

Drain: umoboyf

Droping resistor: avrioTaon nTwoewg

Electrical discharge machining: katepyaoia pe
NAEKTPIKN eKKKévwan

Electrons (free): nhextpévia (eAeGBepa)
Emission (thermionic): exmopns (Beppiovikn)
Emitter: exnmopmég

Envelope: mepiBAnpa (Auxviag)

Epitaxial diffusion system: emra$iakd oloTnua
Siaxioewg

Epitaxial layer: emrafiakdé oTpwpa

Erron signal: ofjpa opdAparog

Feedback circuit: kikAhwpa avarpododoTiicews
Field effect transistor: TpaviioTop embploewsg
nediou

Filament: vijua

Filament voltage: Tdon vijuarog

Forward bias: néAwon op©fig popdc.

Forward breakover voltage: TGon unepBaoewg
opBrig dopag

Forward current: pelpa opBrig dopdg
Freguency (cuttoff): ouxvérnra (anokonric)
Freguency (resonant): cuxvérnTa ouvroviguol
Full wave rectifier: avopBwriig mAfpoug kipa-
TOg

Full wave voltage doubler: &imAaoiaoTiig T4-
gewg mAfpoug kluarog
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Gain: képdog (anmoAapBn)

Galvanometer: yaABavopeTtpo

Gate: miAn

Gate - trigger voltage: Taon okavdaAing - moAng
Germanium: yeppdvio

Grid: oxdpa

Grid voltage: tdon oxapag

Half-wave rectification: av6pBwon piool ko-
parog

Half-wave voltage doubler: dimAaoiaoTig T16-
gewg piood KopaTog

High field emission: exmouns] (nAekTpoviwv) pe
1oXupd nAekTpikd medio

Holding current: pelpa ouykpaTiigews

Hole current: pelpa omiv

Holes: omnég

Hybrid circuit: uBpibiké kKUkAwpa

Impedance: oUvBern avrioTaon

Input impedance: olUvBeTn avrioTaon eilcédou
Insulator: povwTiipag

lonization (by collision): 1oviopég 814 kpoloews
Integrated circuit: oAokAnpwpévo kKUkAwpa
Intrinsic standoff ratio: evboyeviig Abyog 100p-
poriag

Inverter: avaoTpodéag

Junction: enmadn
Key: kAeidi

Light dependent resistor: pwroeapTopevn av-
TioTaon .
Light emitting diode: Siodog dpwroekmounng

Majority carriers: mAeiowndolvTeg dopeic
Mask: empdvela emAexTikig KaAlyewg
Microprocessor: pikpoenefepyaoTfig
Minority carriers: peioyngolvreg popeig
Monostable: povooTa®fig

Multivibrator (one-shot): moAudovnriic (piag
BoAfig)

Ohmic contact: wpikf enadn

Optical-analog: onmiko - avaloyikég
Oscillator: TahavTwTiig

Output: éobdog

Output impedance: oUvBeTn avrioTaon e§66ou
Overcut: umtepTopn

Phase: ¢don
Phase control: éAeyxog ¢paoewg
Phase inversion: avaotpodr] ¢phoewg

101

Photoconductive: dpwroayyipog
Photoconductor: ¢pwroaywyodg

Photocurrent: ¢pwrbpeupa

Photodetector: dpwToavixveuTric

Photodiode: dwrodiodog

Photons: ¢wtdvia

Photosensitivity: pwToeuaioBnoia
Phototransistor: ¢pwroTtpaviioTop
Piezoelectric effect: melonAekTpikd pavdpevo
Plate: mAdka (Gvodog)

Plate voltage: Tdon avédou

Power gain: képbog 1ox00¢ (amoiapi)
Power supply: TpododoTikd 1ox00g _
Power supply regulator: puBpioTiic TpododoTi-
koU 1ox00¢g

Rectifier: avopBuwTiig

Rectification: avopBwaon

Reference voltage: Tdon avagopds
Regulating circuit: kikAwpa oTaBeponoifoews
Regulating voltage: TGon puBpicewg
Relaxation oscillator: TahavTwTrig XaAapuwoewsg
Reverse bias: méAwon avaoTpodns dopdg
Reverse current: pelpa avaoTpogns popag
Ripple: kupdrwon

Saturation current: peldpa kbpou

Screen grid: npogulakTikf oxépa

Secondary electrons: deutepoyevi) nAekTpbvia
Secondary emission: &eutepoyeviig ekmopmi

Selenium: geAfvio

Self bias: autondAwon

Semiconductor: nuiaywyog

Side rods: paBéog ornpifews (Auyviag)
Silicon: nupimio

Silicon controlled rectifier: eheyyopevog avop-
Bwrtiig mupiTiou

Slug tuned coil: kivnTiipag autéparou ouvTovi-
opol

Socket assembly: mAaioio unoboxfig

Solid state: oTeped karaoraon

Source: mnyn

Space charge: ¢opTtio xwpou

Square wave: KOpa TeTpaywvikfig Hopdnig
Starting voltage: Taon ekkivijoewg
Substrate: undoTpwpa

Suppressor grid: oxdpa karaoToAfig

Tank circuit: anoBnkeuTik6 KOKAwpa

Tap (center): Aqyn (kevrpikf)

Temperature coefficient (negative): ouvrele-
oTfis Beppokpaoiag (apvnTikég)

Time constant: xpovikfi oTaBepd

Timing circuit: kOkAwpa xpoviopod
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Transformer: petaoxnupatioTig

Transducer: peTaAhdkTng

Triac: apdidpopog eleyxbpevog avopBuwrrg
nupiTiou

Trickler coil: mnvio &ieyépoewcg

Trigger circuit: kOkAwpa okavéaing

Triode: Tpiodog

Tube: Auyvia

Tube shielding: npooTacia Auxviuv

Unijunction oscillator: povoemagiakdg Tahav-
TWTAS

Unipolar: povomnolikog

Voltage divider: diaipérng Taoewg

Voltage doubler: &imhagiaoTrg Taoewg
Voltage gain: képdog (amohaPry) Taocewg
Voltage regulating tube: Auyvia puBpigewsg Ta-
OEwg

Voltage multiplier: moA\anhaciaoTig TGoews

Wave generator: yevviiTpia KUPATog
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