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MTPOAOIOZ IAPYMATOZ EYTENIAQY

O Euyéviog Euyevidng, o idpurric kar xopnyds Tou « ISpuparog Euyevidous, mo-
AU vwpls mpdBAewe kar axnudtiae Tnv nenol8nan dri n dpTia kKaTdETION TWV TEXVI-
kv pog, o€ ouvduaoud ue tTnv eBvikrf aywyr, Ba rirav avaykalog kar amogaaciaTi-
kd¢ mapdyovrag Tr¢ npoddou rou EBvous pag.

Tnv nerolBnari Tou aurr o Euyevidng exkdiiAwoe e T yevvaidgpova mpddn
evepyealag, va kAnpodoTrhioer gefacTd mood yia T ouoragdn [Spuuaros mou Ba
elye oxond va ouuPdAAer ornv Texvikr exmaldevan Twv véwv Tng EAAddac.

‘Eror o QeBpoudpio rou 1956 auorriBnke To « 1épupa Evyevidouy, Tou orolou
n &iolknan avédaBe n adeAgri Tou kupla MapidvBn Sluou, ouupwva pE TNV €m-
Buuia rou diabérn.

Aré To 1956 péypi orjuepa n oupfoAr Tou ISpluarog atnv Texvikrf exnmaldeu-
on npayparoroeltar ye didgpopes SpaarnpidTes. ‘Ouws arm’ auTés n onuavrike-
Tepn, rou kplBnke and Tnv apxri we npditng avdykns, €lvar n €kdoan BifAlwy yia
TouC LaBnTéc TWV TEXVIKWY TxoAWV.

Méxpr arjuepa exdd8nkav exkarovrddes tduoi FifAlwy, mou éxouv diare@el o€
moAAd exaropplpia Teuxn kar kaAdnrouv avdykes SAwv Twv BaBuldwv Tng Méoang
Teyvixiic kai EmayyeAuarnikrc Exmaidedoews You Y. laidelas, Twy ZxoAwv Tou
Opyaviouou AnaoxoAroews Epyarikou Auvauikou (OAEA) kar Twv Anuoociwv
IyoAwv Eumopikou Nautikod.

Movadikii gppovrida Tou [8pduarog o’ aurr tnv exdoTiklj Tou npoandBeia ritav
kai €lvar n moidrnra rwv BiBAlwv, and dmown xi pdvov EmMaTNUOVIKE, MaISayw Ik
kat yAwaaik, aAAd kai aré drown eugavioews, ware To BifAlo va ayarnBel and
TOUS VEOUS.

Ma v emornuovikey kar maidaywyikrf moidtnra Twv BifAlwv ra kelueva uro-
[éArovrar oe moAdés enefepyaales kai BeATnivovTal mpiv amd kdBe véa éxdoon.

I81airepn onuacla anédwoe To 1Spupa and v apxri oTnv moldTnTa Twv Bi-
BAlwv and yAwaaikrf dmown, yiatl moTever 8T kar Ta Texvikd BifAla, dtav elvar
yoauuéva o€ yAWooa dpria kai opoidpopen aAdd kar kardAAnAn yia tn ardBun
Twv paBnrwv, uropodv va aupfdidouv orn yAwaaikrj diaraidaywynan rwv pabn-
TV,

‘Eror pe anépaan mou mdpbnke rén and To 1956 dAa ra fiBAla Tng BifAobij-
kn¢ Tou Texvitn, dnAadr ra BiBAfa yia tig Kardrepeg Texvikés ZxoAés, drnwg apyd-
repa kai yia i¢ ZxoAéc rou OAEA, ritav ypaupéva o€ yAdoaa dnuoTiktj ue Bdon mn
voapuarike tou TpravraguAdlén, evd dAa ta dAda BiBAla rirav ypaupéva arnv
anAr kaBapedouvoa. Efuepa akoAouBelrar n dSnuoTikl} YAwooa, €Tor 8riwg €xel ka-
BrepwBel arro To Yrmoupyelo Maidelas. H yAwooikij enefepyacia rwv BiAlwy yive-
rar ané @iAoAdyous rou ISpuuaroc kar érar efaopalllerar n eviala odvraén kai
opoAoyia kdBe karnyoplas BifAlwv.
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To nepiexduevo rwv BifAlwy, ovugpwvo ndvra e ta avadutikd npoypdupara
Twv uroupyelwvy, exkauyypoviCetal o€ kdBe véa éxdoan, wa kar Ta Texvikd BifAla
dev npémer va un napakoAovBouv v efEAIn.

H moidrnTa Tou xapTiod, TO €/60¢ TWV TUTOYPA®IKWY OToIXEIWY, Ta TWOTd Txri-
upara kar n kaAaioBnrn oeAidonolnan, To e§wuido kar To péyeBog Tou BifAlou re-
piAaufdvovrar kKar autd aTic gpovrides Tou Idpuparoc.

ENITPONH EKAOZEQN IAPYMATOZX EYFENIAQY
AAétavbpog |. Mammdg, Oup. KaBnyntig EMN, Mpéedpoc,.
Xpuobortopog @. KaBouvibng AinA.-Mnx.- HA. EMN, Eninipog Aioikntiic OTE, Avtinpdedpog.
MixafjA I. Ayyehémouhog Taxmikdg KaBnyntig EMIM, 1. Aioikntig AEH.
Beobbaiog MNanaBeodoolou, Ap. Mnxavoldyog Mnxavikés, A/vric Eg. Mpoyp. kai Meketdiv Texv.
kai Emayy. Exkm. Yn. Maideiag.
Emotnp. Z0pBouiog . Polooog Xnp.-Mny. EMMN.
ZduBouhog eni Twv exddoewv Tou |&poparog K. A. Mavadne KaBnynrig Didoocogikng IxoAng
Nav/piou ABnvUV.
Ipauppareds, A. N. Meyaplng.

Eibikog Emarnuovikog L0pBoulog via o BiBAio BiopnxavikG HAekTpovikd - AutopaTiopoi o kal, k
NikéAaog |. KpikéAng, kaBnynrig EMII.

Aiareréoavra péhn ff obpBoulor Tng Emmponrg
lewpyrog Kakpidjs + (1956 - 1959) Kabnyntig EMN, Ayyedog Kadoyepde t (1957 - 1970) KaBn-
yntig EMN, Anudrpiog Nidviag (1957 - 1965) KaBnyntiig EMI, Mixard Smeroiéone (1956 - 1959),
NixéAaog Baawirng (1960 - 1967), Oeddwpos KouléAng (1968 - 1976) Mnx.- HA. EMN, Mavayiu-
¢ Xar{nwdvvou (1977 - 1982) Mnx. HA. EMIN.
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[TPOAQIOX TOY ZYITPAQEA

H epapuoyrt nAektpovikdiv kukAwpdtwy arnv emiAvon Biounxavikdv mpoBAn-
udTwy mou oxeri{ovrar e T BeEATIwan, TV EMTAYUVOT Kal TOV EAEYX0 diepyaaruv
mapaywyric éxer ioTopla mevijvra neplmou erwv. [Tptv arné Tnv €QPeUpETn Tou TPAV-
{loTop, or Prounyavikés epoppoyés Twv nAekTpovikWy kdAumrav Kkuplwg Tn A€i-
Toupyla kivaTnplwy pnxavdv, T Bépuavon kai auykoAAnan LETEAAWY Kkat Tnv au-
Toparonolnon Tng Blounxaviktis diepyaaiag.

Shuepa, pe Tn paydala eééAifn Twy oAokAnpwuévwy KUKAWpdTWy, Twv NAEKTPO-
VIKWY UrmoAoyioTv Kai TWV [IKPOEMTEEPYATTWY, T NAEKTPOVIKG €xouv KUpIoA€e-
KTIKG KaTaKTAOE! TO XWPo TS mapaywyris, o€ faBud mou eva ueydAo moooaTd rou
npogwmkol ora alyxpova epyoaTdaia amaoxoAe/Tal ye Tnv ROANTITIKI) TUVTIPN-
0N NAEKTPOVIKWIV OUTKEUWV Kal TUTTUATWV.

To pdBnua «Brounyavikd HAexTpovikd - Autopariauoly, rmouv Siddokerar aTous
pabnréc me I rédfews Texvikou Aukelou, or orofor akoAouBodv Tig €18IKATNTES
«Eowrepikiiv HAexTpikdyv Eykaraordoewvy Kai «HAexTpovikwyv EykaraoTdoewv
ka1 Autopariouols, €xel OTOX0 TNV EQapRoyr Twv yvioewv mou anéxkTnoav o pa-
Onrés aurol ara yevikd paBripata NAEKTPOVIKWY, ITOU mpor yri@nkav aro mpdypa-
Hd Toug, ndvw o€ ouyKekpiuéves Biounyavikés diepyacle.

To mapdv A’ Teuyog Tou BifAlou kaAdmrer Tnv UAn Twy Bropnxavikwy HAexrpo-
vikwv. To B’ Telyog kaAdmrer v UAn Twv ZuornudTwy Aurduarou EAéyyou.

H UAn Twv Brounyavikdv HAEKTpOVIKWY KGAUNTETA! € €NTd oUVTOpa KEpdAala
mou akoAouBodv matd To emlonuo avaAutiké npdypauua. H mapouvaiaon Ting uAng
yiverar kard pdro mapaaTatikd, ywpls SUckoAes pabnuarikés avaAioers, kai élve-
Tar iSraltepn éugaan aTnv meplypagrf Twy BaciKwy apxuwy Aertoupylas Twv ou-
TKEUWV Kai oUaTNUATWV.

Eneidts o1 eidikol nAextpovikol dpor éxouv kaBlepwBel SieBviig aTnv ayyAixrj,
kdBe gopd mou ypnoiuormoleiTal €1dIKSS 6pog axoAouBel o ayyAikds 6pog péoa o€
nmapévBevor, evi aTo TEAOG TOU TEUXOUS TEPIEXETAI ayyAo-eAdnvikd yAwoodpio.

Kard m auyypagr rou mapévrog Telyous oupBouAeuTrikaue moAtoug au vadéA-
@oug, mou TOUS EUXTPICTOUUE Yia TN ouveiopopd Toug. ISialTepes euxapiaTies
aneuBuvoue arov kaBnynrtr k. N. KpikéAn yia 11 guvep yaoia kai Tic umoSelfers
Tou. TéAoc exppdCopE TIC EUXQPIOTIES LTS KAl OTO NPOTWITIKG TOU Turjuarog Exé6-
gewv rou /Spdparog Euyevidou mou ouvéfade atnv dpTia €xdoon Tou BiBAlouv.

0 Zuyypagéag
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KEDAANAIO MNFPQTO

EISATQrH KAl ANAEZKOMNHZH

1.1 Eicaywyn oTa Bropnxavikd nAektpovikd.

H Bepehiwon Tou Topéa TNG NAEKTPOVIKAG uropei va BewpnBei 0TI €yIVE TO
1888 ané tov Xeptl (Hertz), pe Tnv avakaiuyn Tng HETASO0EWS Kal TNg HETPI-
OEWC TNG NAEKTPOHAYVNTIKAG evépyetag. H emoTiun Tng NAEKTPOVIKNAG Kal N TIpao-
80¢ oTa nAekTpovikd xukAwparta akohotBnoav oxeTiKA ypryopn eEEAEN peTa ano
Tpia onuavrikd emaTnpovika yeyovora. Tnv emvonon Tng d10dou Auxviag amo Tov
OAépvyk (Fleming) To 1903, Tnv avakaAuyn Tou kpuoTaAhikol Gwpath ano Tov
Mikapvr (Pickard) To 1906 kai Tnv epetpean Tng TpIGdou Auxviag and Tov Nte Po-
peoT (De Forest) To 1907.

H edapuoyn Twy NAEKTPOVIKWY KUKAWHATWY OTNY eniAuon Blopnxavikwy mpo-
BAnpaTwy we mpog Tn BehTiwon kal emTaxuvon Tng mapaywyiknig diadikaciag exel
IgTopia mevivTa Mepinou ETWY, yVwploe &€ Jeyain ékraan UaTepa ano TIg EEU-
péoeig Tou TpaviioTop To 1948 and TOUG MnapvTiv (Bardeen) kai Mmnpatéw
(Brattain) ka1 Tng P-N enagrig and Tov Zokheu (Shockley) To 1949. O1 Biopnxavi-
KéG eappoyEg TWY NAEKTPOVIKWY KUKAWHATWY KAAuTITav wg TOTE TN A€ITOUpYia
KiviTnpiwy unxavdy, Tn Béppavan kai ouykdAAnon HETAAAWY Kal TNV auToparo-
noinon Tng Bropnxavikig Siepyaaiag.

Tijpepa, pe T paySaia eEEMEN TwY OAOKANPWPEVWY KUKAWHATWY Kal TwV NAE-
KTpovikiy uTToAoyIoTHY, TA NAEKTPOVIKA EXOUV KUPIOAEKTIKA KATAKTHOE! TO BIopn-
Xavikd xwpo, WoTe éva peyaho mogooTd Tou TMpoowTiko( OTa oUyXpova epyoaTta-
gia va anaoyoAeiTal e TNV TPOANTITIKA ouvTAPNon Twv nAekTpovikwy efapTnua-
TWV Twy Slapopwy pnxavuy.

1.2 Avaokénnon Trg Bewpiag TWV NHIAYWYWV.

Ta onpavTikdTepa UAIKA yia Tny KATAOKEUT NAEKTPOVIKWY €EapTNPATWY OTIG TE-
AeuTaieg Tpeig SekaeTieg eival or nuiaywyoi. Ta TpaviioTop kai o diodol kara-
okeualovral pe nuiaywyols. Ta nAekTpovika efapThpaTa Tou karagkeuadovrai
and nuaywyoug ovopalovrar efaptipara oTepeds karaoTagews (solid state) yia
va Siakpivovral and Ta efapripaTa mou TEPIEXOoUV aépla n uypa.

Eivar yvwoTd 611 évag aywyds (conductor) kataokeualetal and ougieg nou é-
XOUV pikpf) NAEKTPIKA avTioTaon WaTe Ta NAEKTPOVIA va Tig Sianepvouv Tpog KaBe
KateGBuvon pe oxetikh eukolia. Ta péTarha, vevikd, eivar kahoi aywyoi yiati é-
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XOUv TTOAAG «weAeuBepan nAekTpovia (free electrons). O povwrijpag (insulator), av-
TiBera and Tov aywyd, Sev emTpémel oTa nhekTpdvia va Tov dianepvolv mapda po-
vo e peyaAn duokoAia. O1 povwTApeg yevika napouaialouv moAu peyain nAe-
kTpikf avtioTaon, emeidn Sev nepiéxouv «eAeUBepan nAekTpovia, Ta onoia, Grwg
E¢popE, TPOAYOUV TNV aywyiuaTnTa. Ta nAEKTPOVIa OTOUG HOVWTPEG €ival oTabe-
pa eykhwBiopéva oTta daropa kar Sev éxouv TN GUVATOTNTA HETAKIVAOEWS.

O1 nuaywyoi (semiconductors) amotelolvrar anmd Qheg, n avriotagn Twv
omoiwy aTn pof NAekTpoviwy BpiokeTal HETAEU TNG AVTIOTAOEWS TWY AYWYWY Kal
Twy HovwTApwy. H petakivnon Twv NAEKTpoviwy oToug nuiaywyoUg eival duvarn
we kamoia SuokoAia. Ma TNV KATAOKEUN TWV NUIAYWYWY XpnoidomolouvTal we Ba-
aikég UAeg yepudvro (germanium),mupitio (silicon) kai oediqvio (selenium). Or UAeg
autég udioTavTal mponyouuévwg KatahAnAn enefepyaaia, WaTe va unv mepIéxouv
Eéveg ouoieg kal va eival 600 To duvaTé mo apiyeis. Zto oxnpa 1.2a yivetal goy-
Kpiamn TNE NAEKTPIKAC avTIOTACEWS TWY NUIAYWYWY, WV aywywy Kal TWy HOVWTA-
PWV.

Aytiotaon 0e Q)em

AXouwuivio
Nodeupévo Yepuavio [B
AULYES YEDUAVIO Hiaywyol
Autyec Toupitio [HETEE
Mal

Mina Movwtnpeg
MoAuvotupmvy

Ix. 1.2a.
AVTIOTOON KOIVWY Qywywy, NUIOYWYWwY Kai JovwTApwy.

ITic apiyeig UAeg and mupimio, geAnvio 1 yepuavio npoaTiBevrar aropa aAAwv
ouaiwyv. 01 mpoaTiBépeves ouaieg emAéyovTal ETOI WOTE 0 CUVOUATPOG TOUG HE
TNV MpWTapXik oudia va napéxel npdoBera eAe(Bepa nAekTpOVIA 1 TIg TUVONKEG
nmou Ba dleukdAuvay Ta AdN UNapxovTa oTnV apiyn UAN NAEKTPOVIA va HETAKIVOUV-
Tal pe akdpn peyahlrepn eukoAia. H okomun autr nmpooBearn EEvwy ouoiwy g€
apiyeic nuiaywyolg Aéyetar mpdowén (doping). "Evag nuiaywyoég, o omoiog peta
amd mpoopEn siabéTel mAedvaopa nAekrpoviwv, Aévetal quiaywyos N-ramou. To
ypappa N kaBiepwBnke and Tov ayyAikd 6po Negative (apvnTiko), eneidn autog o
TUTog nuIaywyod éxel TAEOVaoPa NAEKTPOVIWY TIOU €ival owpatidia pe apvnTikn
dopTion. AvTiBeTta évag nuiaywyog, o omnoiog PeTa and mpoouifn éxel €AAeiyn nie-
KTpoviwv Kai ouvenwg mhedvaoua BeTika 1oviopévwy Béaewy, mou diatiBevral yia
va &éxovral petakivolueva nhektTpovia, Aéyetal nuaywyds P-romou. To ypaupa P
kaBiepBnke and Tov ayyAikd opo Positive (BeTikd), emeidn autog o TUTOG NHIAYw-
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yoU éxel mAedvaopa BeTika 10viopEVwY BECEWY, 01 OTIOIES Aéyovral kal omég (ho-
les). T1o0 oxApa 1.2B mapouaidlovral aupBoAikd ol duo TUNo! NEIayWYWv.
‘Otav évag npiaywyog N-tomou ouvseBei e pia pnartapia V (ox. 1.2y) ge ceipa
e pia avriotaon dopTiou R, Ta nAekTpévia pelyouv ano Tov apvnTIKO aKPOSEKTN
Tng unatapiag kar katapBavouv oTo akpo A Tou nuiaywyoU. Ta nAexkTpovia and Tn
Hnarapia eigcépxovral oTov Nuiaywyd Kal avaykalouv Ta mAeovalovra nAEKTPOVIa
TOU va uetakivBolv TTpog To Gkpo B, Aoyw anwoews petall opoiwv ¢opTiwv. Ta
nhekTpévia oTn ouvéxela eképyovral ané To dkpo B Tou nuiaywyou, sdiamepvoiv
Tnv avriotaon ¢optiou R kal enavépyovTal aTo QeTIKO QKPOSEKTN TN PraTapiac.
O nuiaywydg N-TUTTOU eMopévwg CUNTIEPIGEPETAI PETT T€ éva KOKAWPO Wg ayuw-
v6¢. AnAadn, To pedpa diamepva Tov nuiaywyé N-timou pe OXETIKN €uKoAia.
It ouvéxela ekeTalope TN cudTEPIGOPa evog nuiaywyou P-tUnou péca oe éva
KOkAwpa. 1o oxhua 1.28 &iverar axnuatika n pon NAEKTPOVIKOU peupaTog o€
nuaywyoé P-tomou. Ta nAekTpévia Tou ¢Gelyouv amo Tov apvnTIko akpo&EKTN TNG
HTTaTapiac, elgépyovTal aToV Nuiaywyo anod 1o akpo A kal EAkovral arnd Tig BeTI-
KA 10viopévec omég, pe amoTéAeaua va Tig katahapBavouv. Na va SlatnpnBei opwg
N apxikf 1copporia ¢opTiwv oTov nuiaywyo, mou SatapayxBnke amd T peiwon
Tou ouvohikoU apiBpol onwy, véeg omég SnpIoupyouvTal KovTa oTo akpo B kal Ta
nAekTpévia mou unApxav o’ autég efépyovTal and Tov nuiaywyo, Siamepvouv Tnv
avrioraon Ry kai cuhhéyovTal oTo BeTikd ToAo TG unatapiag. Auto To Gavopevo
napéxel Tnv euxaipia oTa nhekTpovia mou elocnABav oTov nUIaywyo anc 1o akpo A
va petakivnBolv ipog Ta dekid, eykataAeimovrag Tig omég TTou €ixav apxika kara

Nxeovaopa . Nigovaopa
EAEUTEPWY MAERTPOVIWY oWy

0060 POO®® |
HXentpovia Omeg

B 68 OF CRCECHCH

Hyaywyog  N-Tutou Hiuaywyog P-TuTou

Ix. 1.2B.
01 800 TUTIOI NUIaYWYWV.

rloeooo |°

(——‘@ © 000 ——1
N-TUTog @
© R,

V o -

Ix. 1.2y.
Pofy nAexTpovikolU pelpaTog o€ nuiaywyd N - Tomnou.
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Ix. 1.26.
Porj nAektpovikol pedparog o€ nuiaywyéd P - tonou.

N-tUmog P_tumog

|9 2.9 1® @ @
| © © 6 ® O O-

Emagn
Ix. 1.2¢.
Huaywyiun &iodog timou N - P.

HAETpdvIa ] I~ Omeg

AaBel kai va kataAaBouv Tig véeg omég rou dnpioupynBnkav. ‘Onwg dnAadn mapa-
Tnpotpe oto axAua 1.28, evi Ta nAekTpovia kivolvtal péoa oTov nuiaywyod pe
popd and aploTepd Tipog Ta Sefid, n dnpioupyia oY KaTa TNV kivnan Twv nAe-
KTpoviwy «kiveiTam pe dopd and Ta Sefid mpog Ta aploTepd. ‘Eror priopoupe, va
pavtacBoUpe éva pedpa omwv (hole current), To omoio «péen e Gopd avriBern
nMpog To NAEkTpovikd pelpa.

Ma TV KaTaokeun piag nuiaywyipng 816dou ouvdualope Toug duo Tonmoug N kal
P nuiaywyiv dnpioupydvrag pia emagr (junction) petafl Toug. Inuelwveral oTi ol
§00 TUTTO! NuIaywywy dev pookoAholvTal petafl Toug, ahAd mapayovTal kata Tny
npodowEn pe Tnv fadviki alhayr Tou TUMoU TWY EEVWY OUaIWVY 01 OTIOIEG EKXUVOV-
TQI OTO MPWTAPXIKG NUIAYWYIHO UAIKG. Av n enagn yivoTav pe mpookohinon ée Ba
eixape pia Siobo ahha pia wkip emagij (ohmic contact). o oxnua 1.2e gaiveral
Slaypapparikd pia nuiaywyiun &iodog Timou N-P. H enagn eival éva €idog nhe-
KTpIKOU (Gpayparog Ye avaoTaATikA TAOT ToU UNTOXPEWwvVEl Ta NAekTpovia Tou N-
TUmou va pévouv oTo N-pépog g S1660u kai Tig onég oTo P-pépog. Otav opwe
eapudoope pia eswTepiki Taon ota 800 akpa Tng S1660uU, Ta NAEKTPOVIA €ival du-
vard va «diamepacouvy To gppdypa TnNg enadrg kai va eicéAbBouv ato P-pépog Tng
516600, 6Tou Undpxel TAedvacua omwy. 1o oxNua 1.2071 n diodog N-P Bpiokeral
ge NAEKTPOVIKO KUKAwpA.

‘Orav n nuiaywyiun &iodog eicaxBei oTo KUKAWHA PE TN Priatapia, Ta NAEKTPO-
via mou mpoépxovTal and To apvnTikd pépog TNG WraTapiag €lgépxovral ato
N-pépog Tn¢ S1660u kal odelouv mipog TNV enadn. ‘OTav n Taon Trg pnarapiag
uTTEpIoXUEl TNC TATEWS TOU NAFKTPIKOU BOAYUATOG OTNV emadn, Ta NAEKTPOvIa €-

WnionoiBrke amoé To ivotirouto EkmaibeuTtikrg MoAmkrg
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Nohwon opdmG Popac Ix. 1.21a.

TpavlioTop Timou P - N - P ge kuxkhwpa.

XOUV apkeTh) KIVATIKA €vépyela, umepmndolv To ¢paypa, Kal €lgépxovral oTo
P-pépog T §1660u, drou kai katakapBavouv éva avTioToIXo apiBuo omwy KovTa
oTnV emadf. Autd Exel WG AMOTEAETUA TN HEIWON TOU ouvolikoU apifpol onwy
ato P-pépog Tng S16dou. MNa va enavérBel n apxiki 100pporia gopTiou aTo
P-pépog, Snuioupyolvrar véeg omég kovTa aTov akpoSEKTN, ATTO TIg OTTOIEG EKTIEH-
novTal nhekTpovia mou dianepvolv TV avTioTaon dopTiou kai kKataAnyouv oo Be-
TIKO pépog Tng prarapiag.

H dopa Tou pedpaTog omwv (mou efval avTiBeTn and T Gopda TOU NAEKTPOVIKOU
petparog), éxel kabiepwBei wg n. gupBartikn Gopd Tou pelpaTtog kabe nAekTpovi-
KAg ouokeuhc. ITnV mepimrwon Tng d16dou, n popa auTh avTimpoownelel TN Gopd
aTnv onoia n siodog MapousIalel TN KIKPOTEPN avtioTaon aTr por Tou PEUHATOG.
To pedpa oTn opd auTh ovopdletal pevpa opBiis gopds (forward current). H
epappolopevn TAoN PeE TNV TOAIKETNTA TNS unatapiag Tou oxfuarog 1.207, omou o
apvnTikdE MOAOS TNS pratapiag ouvdéetal Pe To N-pHEPog TG 851660u kal 0 BeTIKOG
He To P-pépoc, ovopdletar méAwen opBis ¢opds (forward bias).

‘Orav avrioTpéyope TV TOMKATNTA TNG priaTapiag, onwe gaivetalr oTo oxnpa
1.2 1o petpa (pedpa ontv) éxel popa avtiBern and ekeivn Tou eixe OTav eixape
epappooel moAwan opBic dopdg kai ovopaleTal pedua avdoTpodns gpopag (rever-
se current). H gOvéean Tng pnatapiag OMwg oTo OXAPa 1.2, dnAadn pe To BeTIKG
noAo ocuvbebepévo pe To N-pépog Tng Siddou kai TOV apvnTikG He TO
P-uépocg, ovopalerar méAwan avdoTpodns gopdg (reverse bias). Me Tn guvéeon
auTi Ta nAekTpovia ato N-pépog Tng diddou éAkovral aTo akpo Tng 51660u MoU €i-
val guveedepévo pe To BeTikd mOAo TNG priatapiag,. A6 TRV AAAN PEPIG 01 OTIEG OTO
P-pépocg Tng 81660u EAkovTal aTo dkpo Tng S16d0u TIou efval ouvOebEPEVO PE TOV
apvnTikd ného TNg pmarapiag. £Tn gopd autn n diodog napoucialer peyaAn avri-
aTaon arn pof| pevparog WoTe napa moAd Aiyo pedpa va Sianepva Tnv emagpn N-P.

WnionoiBrke amoé To ivotirouto EknmaibeuTikrg MoAmkrg
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Ix 1.2n.
TpaviioTop TOmou N - P - N kai 7o gUpPoAéd Tou.

Tuvowilovtag, maparnpolue 611, OTav epapudoope BeTIKi TAON oTa Akpa Tng
51660uU TO pelpa SI€pXeTal Pe TXETIKA EUKOAIQ, eviy GTaV EPUPPOTOPE APVATIKN
Taon ota akpa TN, To pelpa Bpiokel uywnAn avtioTaan, yeyovog mou xapaktnpicel
™ Aeitoupyia “ng &i6dou.

‘Onwg eidape, o1 diodol kataokevalovral and nuiaywyipa uhika N kai P-tumou.
Zra TpaviioTop, xpnoigorolodvTal emiang ol d0o autol TUMOI NEIaYWYWY, ahAa
urtapxel kai pia mpdaBern {wvn Tou €vog N Tou aAlou TUTIOU.

Era tpaviioTrop Tumou N-P-N umapxouv Tpeig (uveg nuiaywyipou UAikol omwg
daiveral ato oxnua 1.2n. ‘Onweg BAémope, n P-tdnou {wvn BpiokeTar peTagd dio
Twvwv N-tamou. To ndxog Tng P-{wvng eival mepinou éva XIAIOOTO TOU EKATOOTO-
petpou. H P-Lwwvn e éva Tpaviiotop N-P-N Aéyetal Baon (base) Tou TpaviioTop.
H pia N-Tvn ovopaletar exkmopmds (emitter) kai n aiin N-{dvn audAéxrng (colle-
ctor). Zto oUpBoAo Tou TpaviioTop N-P-N mou napouagialeTar oto axnua 1.2n, To
BéAog etépxeTrar and Tn Baon.

Efetalope Twpa Tn oupnepidopd evag Tpaviiotop N-P-N péoa oe kikhwpa, 6-
nwe daivertal ato oxApa 1.26. ‘Onwg BAémope, n Baon ouvdéetal pe To KOKAwPa
€10080U Kal pe To kikAwpa e56bou péow Twy pmatapiwv V, kai V,. Napatnpolpe
&e 671 epappdleTal méAwan opBiis popds perafu ekmoumou kar faoews ka MOAw-
an avaorpogns gondac pyeralfu cuddéxrny kar faoews. Ta nAekTpoOVIa TIoU Helyouy
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Ix. 1.26.

TpavijoTop Tunou N - P - N o€ kKOKAWpQ.

ané Tov apvnTikd MoAo TN prarapiag V, @Bavouv oTov €KTIOUTIO, OToU anwBolv
Ta nAekTpdvia Tou N-pépoug Tou TpaviioTop kai Ta avaykalouv va Siarmepagouv Tn
Baan ypfiyopa, Xwpig anuavTikéG anWAEIES amd KaTAAYENS OV TTou adpBovolv
oTn Baon. ‘Evor ¢pOavouv oTo ouMékTn kal amwBolv Ta nAekTpOVIa TIou Bpigkov-
Tal exkei mpog To BeTikd TMOAO TN pnarapiag V.

To péyeBoc Tou NAEKTPOVIKOU PelpaTog mou péer and Tov EKTTOUTIO OTO OGUAAE-
KTN eAéyxerai and To péyeBog TN ToAWTEwWS 0pBNg dopag nou epapudleral aTny
enmadr petakl ekrmopmol kai Bacews. H Aeiroupyia evog TpaviioTop N-P-N Baaile-
Tal katd kGpio Adyo oTn Giakivnan nAekTpoviwy, Ta onoia ovopalovral mAelown-
podivres gopeic (majority carriers). To AenTo ndxog TNG Pacews, SIEUKOAGVEL TG
NAekTpovia va TN Slamepvoly ypiyopa, Xwpig peyaAeg mBavoTnTeg va «TUAAn-
®Bo0vy amé Tic mheovalouoeg exel omég. BéRaia, évag PIKpOg apiBuog nAe-
KTpoviwy mayibedeTal amd éva avTtiaTolxo apiOpo onv péoa oTn Baon, Je amoTé-
Aeopa va diappéer Th Baon éva noAl pikpd pedua, omwe daiveral oTo oxnpa 1.26.

Yndpyouv 6uwg kai P-N-P tpaviioTop mou amoTeAoUvTal eniong amo Tpeig {uw-
VEC nuiaywyipou uAikod. H Baon eivar nuiaywyog N-TOTOU KQI O EKTTOUTIOG Kal O
GUAAékTNG eival nuiaywyoi P-Turou. To tpaviioTop auTd pe To olpBoAé Tou dai-
vetal oTo oxApa 1.21. Ito oUpBoro evog P-N-P tpaviioTop, n dopd Tou Béloug

P N P
c .
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Ix. 1.2071.
Hulayhyipn Siodog Tinou N - P oe kikhwpa
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TpaviioTop Timou P - N - P kai To oUuBoAd Tou.

agTOvV eKTOpNo eival mpog Tn pacn. Eival ¢avepo, aTi n AeiToupyia Tou TpaviioTop
P-N-P Bagiletal katd kipio Adyo otn «Siakivnany omwy, oi OToieg amoTEAOUV TOUG
«rheloyndolvTeg hopeicy. ETo axnua 1.21a gaivetar éva TpaviioTop P-N-P g€ k-
kAwpa, pe méAwan op@nRg dopds peTakl Tou ekmopmod kar Tng Baoews kal moAwan
avaoTpodng ¢Gopdc peTal ouAAékTn kar Bacewg.

H oUvSeon Tou ekmounol oTov onolo mAeovalouv o1 omég, pe To BeTIKO MOAD

Ix. 1.28.
dwroypagia Tpaviiotop N - P - N kait P - N - P.
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g unarapiag V, mpokaAei anwenon Twy onwv mpoc T Baon. ‘ETol, évag peyarog
apiBpGC oMV TOU EKTIOPTION «SIamepvay He taxotnTa T Baon (He pikpég ATIWAEIES
péoa aTn Paon, Aoyw TiayIdeUoens Toug ané avtioToixo api8pd nAekTpoviwy) Kai
«elgépyeram oTo CUAAEKTN GTIOU nheovalouv omég. O1 «(VeodepPPEVES) OméG OTO
OUAAEkTN anwBolv éva avTioToIXo apiOpd onwy Kai Tig UTTOXQEWVOUV VO KOUYKEV-
TpwBolv» oTo GKPo TOU CUAAEKTN TTOU eival guvoeSeHEVO HE TOV apvnTiko ToAO
¢ unarapiag V,. Ekei mpooeAkiouv £vav avTioToixo apipd NAEKTpoviwy and Tnv
praTapia kai Ta mayidedouv. Me Tnv QmopaKpUVaT TWV OV and ToV EKTTOPTO Ta
nAekTpoVia o épuyav and Tig onég auTég mpooeAkiovTal and To BeTikd MOAo TNG
unarapiag V,. To péyeBog Tou peUpATog OTILIV TTOU «PEEL QMO TOV EKTIOUTIO TIPOS
T0 ouNAéKTR, péow TNg BAoEwWS, eAéyxeTal and TO péyeBog Tng NoAwaewg openg
Popdc mou edappoletar petakl exmopmol Kai Bacews. ITn dpwroypadia ToU axn-
patog 1.218 gaivovral TpaviioTop TUMIOU N-P-N kai P-N-P.

1.3 Avaoxémmon Tng Bewpiag Twv NAEKTPOVIKWV AuxVIiwv.

H rpliTn GUOKEUR TTOU XPNOIHOTOINBNKE yia TV evigxuon NAEKTPOVIKWY ONpa-
Twv Arav n Tpiodog Auxvia. O Qupdag ‘Evrioov, nelpapaTi{OPEVOg HE TNV Tupa-
KTOUpevn dwTioTiK Auxvia, eixe naparnpiogel OTI, oTav TonoBeToloe éva PIkpO
HETAAAIKO gUpPa kKOvTa OTO TUPaKTWHEVD vijua (filament), péow Tou CUPUATOS
auToG KukAODOPOUTE NAEKTPIKO pelud.

To pedpa autd To pérpnoe e éva yadBavoueTpo (galvanometer), Xpnoiuo-
nolbvrag Tn SiGragn Tou oxXAHATOS 1.2a kai, aduvarivrag va esnynoer 1o 6Tl TO
pelpa opelhovtav o€ NAEKTPOVIa ToU TINdNOAV ané To vAipa otnv dvedo (anode),
apkéaTnke va By@Ael pia «rmatévra» pe Tnv nepiypadn Tou daIvopéVou auTou Tou
apyéTepa kabiepBnke wg «Pavopevo ‘Evricovy (1883). MeTa ano eikooi Xpovia
évag Bpetavog karaoke(age TRV mpwTn Auxvia, Tnv omoia ovopace «BarBisay (va-
Ive). "Hrav pia diodog Auxvia, aTnv omoia NAEKTPIKG peupa uriopoloe va MEPAgel
ané to vipa otnv Gvodo, ahha Oxi Kal amé Tnv avodo Tpog TO vijpa. Me Tn ou-
OKeur) auTh emTelXONKE yia TPWTN dopa avepBwan (rectification). To 1906 o An
Nte Gopeart emvanoe Ty Tpiodo Auxvia (mou Tnv ovopaoe «OVTIOVY), El0GyovTag
peTall viparog kal avodou Tr oxdpa eAéyyou (control, grid). H rpiodog (triode) ei-
vai évag evIOXUTAG, HE TOV oTioio eAéyxeTal n petaBoAn piag OXeTIKG peyaing Ta-
gewg oty €056 Tng He peTaBoAn piag OXETIKG PIKPAG TATEWS OTNV €igod06 TNG.

Gi Tpiodol anotehotvTal amd Tpia Baoika gToixeia: Tnv kdBoso (cathode) i vi-
M, TN oxdpa eAéyyou Kkal TNV dvodo. H k@B080¢ eival o EKTOUTIOq NAEKTPOVIWY, HE

q ‘Avobog

) @ T aABavOLELPO
Mmratapla WEEE

’

N7pa

1
I

Ix. 1.3a.
Aigratn Tou «Pavopévou “Evrioov.
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& : Seppavt ﬁpag
0 ~Kavobog .
0 Kadobog
®
Ix. 1.3p.

a) ‘Auega Beppaivopevn kaBodog. B) ‘Eppeca Beppaivopevn kabodog.
TN oxapa eAéyxou kavoviletal n por Twy NAEKTpoviwy amd Tnv kaBodo npog Ty a-
vodo kai n avodog, mou eivar BeTika GoPTIOPEVN, EAKE! KAl TUAAEYEI Ta NAEKTPOVIT.
ITic naAaidTePES TPIGdOUG To vApa Beppaivorav apeca [ox. 1.3Blall. ZAuepa, ol
Tpiodol mepiAapBavouv aTtnv kKaBodo MoAU AenTd clpua yia TO OKOTIO auTa, 01w
daiveral oTo oxnpa 1.3B(B). ZTo oxAna diveTal kal To avTioToiXo gupfoio autol

Ix. 1.3y.
Eikéveg ouyxpdvwy Tlnwy Auxvidv.
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Tou TOrou Auxviag. MNa T SleukdAuvan TNG EKMOUTING nAekTpoviwy, n kaBodog erm-
oTplivetal pe €161k ouoia and ofeidia gmaviwy yaihv. H ekrmopmi nAekTpoviwy pe
Bépuavaon Tng kabodou ovopdleral Bepurovikij €XTOUTIT (thermionic emission).
Zto oxApa 1.3y eikoviovral eIKOVeEg TEoTGpWY TUTTWV AUXVILV, TIOU €XOUV HEVAAN
epappoyn akdpn kai ofpepa. Irny eik6va (A) daiveTal pia HIKPOOTKOTIKI Auyvia,
atn (B) évag Sexadikdg HETPNTAG, OTN (I) mévTe Auxvieg pe mAaioiwpévn oxapa yia
peyaAdrepn avroxn kai oTn (A) pia €161kr) Auxvia Tou xpnoipeter oTny «anoBniKeu-
anN» NAEKTPOVIKWY TTANPOGOPILIV.

Ta nAekrpbdia Tng Auxviag guvbéovTal 0T KUKAWHA edappoyng pEow piag fd-
oewg pe mepoves (base - pin) kai evog mAaigiou umadoxiis (socket assembly). Z1o
oxfpa 1.36 gaivovral ol Bageig TRV KOIVWY Tamwyv Auxvidv. H apiéunon Twy me-

Nepovy
0bmyog
4
5 2 i 3 5
5
HAEHD e 5 ?
1 7
7 6 9 8
Mixpoouorodh B0 Muxpooorin, Baon
Ouwtaywvoa] Baon 7 mepovuv 9 TEPOVUY
Ix. 1.36.

Bdoeig yia TPEIG KOIVOUG TUTIOUG AUXVILDV.

poviv apxilel and Tnv évéeidn Tou axAerdrouy (key) xai yiveral atn ¢popa Twy Sel-
KTWv pohoylod. Ito oxfua 1.3€ gaivovral d0o mhaioia umodoxic Auxviwy, To (A)
Xwpic ouvséeic kal To (B) pe ouvbéoels.

Ta kaTaokeuaoTika pépn Hiag TpI6SoU eikovilovTal 0TO OXNHa 1.3oT. H axapa
eAéyyxou amoteAeiTal and éva AerTd clppa Tuhiypévo oe 800 pafidous ornpifews
{side rods) kai kahirTer 6A0 TO PAKOG TNG «aB680u. H avodog (1) mAdka) mepiBaAiel
Ta uneAoima aToixeia Tng Auxviag, Gha be Ta aToixeia mepikAeiovTal ano éva yuahi-

WniomnoiBrke amoé To ivotirouto EknmaibeuTtikrg MoAmkrg



Ix. 1.3e.
MNAaioia urtodoxfig AuXVIWY.

Ixapa
eheyxu ©
~ Niipa

H 'H

NepipAnpa

s Avobog
\ixdpa EAEYXOU

Kadabog

Nrua

LZtnpeypa yuchiol
Baoy

MNepoveg

Iy. 1.30m.
KaTtaokeuaaTikég AenTopépeies piag Tpiédou.

Vo | HETaAAIKG kdAuppa mou ovopaletal mepifAnua (envelope). Na va pnv kara-
oTpédeTal To vipa and unepBépuavan adaipeital TeAeiwg o aépag and T Auxvia
kal Ta oToixeia Tng Ppiokovral ge kevo aépa.

H avéAuon Tng AeiToupyiag Tng Tpiddou yiveral pe T BonBeia Tou KUKAWHPATog
Tou axhparog 1.3, To omoio Bewpeital €16ikd kOkAwpa dokiung TnNg Auxviag (kai
Ox1 KOkAwpa evioxloewg TAgEws f pelpartog). H pnarapia A mapéxel Tnv anapai-
TNTH TGN yia TNV TUPAKTWAN TOU VAHATOS Kai ovopdletal rdan vijparog (filament
voltage). H pmarapia B tpodobotei Tnv rdon avédou (plate voltage) kai n pnara-
pia moAwaews M xpnoipele yia Tov EAeyxo Tng Tdoews axdpag (grid voltage). Ze
MpakTIKd kKukAWpara TpI6dwy Auxviwy, ol Tadoeig A kai B mapayovral and 1o idio
Tpogodoriké 1oxvos (power supply), evis n taon [ efaopalileral pe auroméAwon
(self bias) oTo KUKAwpa eigddou.

WniomnoiBrke amoé To ivotirouto EknmaibeuTtikrg MoAmkrg
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Ix. 1.3n.
Anpioupyia «popTiou Xwpour oTnv kaBobo.

Exdpa heyo-, = T

TEPO ApVTTLXN Pevpa avobou l

Apopeag
pop l o

A +
=B

2
Ix. 1.36.

Me AlydTepo apvnriki Taon axdpag n Auxvia €mTPETE! pof) pelparog

‘Orav o Spopéag Tou peoaTatn R, ToroBeTnBei 010 0!1‘UET0 a, n Taon UXGL;CfiVI-
VETaI oAU apvnTiki Kal avanTuooeTal €va NAEKTPIKO Gpaypa L.IEVTGEU 'TF]Q kaBo Toiz
Kal Tng avodou, To onoio eprodiler TN Siakivnon Twv n?\eklmo.wmv (opou{: dop
anwBolvTal) kal @pa kal T pon PeuuaTos. YTuvénela CI-UTDU en.'cn‘n guvxevawo.|1
MOAAWY nlekTpoviwy yopw and Tnv kadodo. To1®;|vopev0 autd Aéyetal gpopTio

w, rage) kai paivetal ato oxnpa 1.3n. ‘
i Pg:;\(fssaéc;ojzjgi;u peo?;‘ﬂ‘:m R, TonoBeTnBei CITD' onueio B (gx. 1.36), n qxc—
pa amoktd AiyoTepo apvnTikA Taan. ‘Etol évag apiBpdg nAekTpoviwy Sianepva T

WnionoiBrke amoé 1o ivotirouto EknmaibeuTikrg MoAmkig
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Ix. 1.31
To pelpa avédou aukaver 6tav n oxapa yivel mepioobTepo BeTike).

oxapa kal guhAéyeTal and Tnv avodo, ue anotéheopa va avanTuxBei por peluatog
otnv avrioracn goptiou R,. TéAog, étav o dpopéag Tou peoaTarn R, TonoBeTnBei
oTo anueio y, N oxapa éxel eAAXIOTA ApVNTIKA Taon (f neploodTepo BeTIKA, OXMnpa
1.31). Irnv mepimTwan auth, oxeddv 6Aa Ta Beppiovika napayopeva NAEKTPOVIA
guAAéyovTal oTnv avodo Kal To pelpa avodou eival apkeTd augnpévo. To péyiaTo
pelpa nAeKTPOVIWY EMTUYXAVETAI, otav 0Aa Ta nAexTpdvia mou epdavifovTtal oTny
kaBobo cuAAéyovTal aTnv avodo. To pedua auTtd ovopaletal pevpa kopou (satura-
tion current).

KAeivovTag To elgaywyikd autd kehaiaio, napa@éTopE TUYKPITIKO Mivaka Twy
XApakTNEIoTIKWY Twy TpaviioTop Kal Twv AUXVIWV.

MINAKAZX 1.3.
Suykpion xapaktnpiaticdv TpaviioTop Kar Auxviwv.

TpaviioTop Auyvia

|Saitepa euaioBnTo ve BepuodTnTa.
Mikp6 péyeBog.

. Anaitei oAU pikpn 1o 0.

. Meydhn Siapkeia «CuAgy.

. Xapnho k6OTOC.

‘Oy1 evaioBnro o€ kpadagpols.
Mikpo Bapog.

. AniaiTei peyaAn BeppornTa.

. Meyaho péyeBog.

. AnaiTei moAU mepIooOTEPN 10X,
Mikpr &iapkeia «fwnen.
MeyahUTEPO KOATOG.

. NoAl euaioBnTn O€ Kpadaopoug
. IxeTikd peyahiuTepo Bapoc.
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KEGDAAAIO AEYTEPO

ENIZXYTEZ

2.1 levika.

ITa onpavTikéTepa NAEKTPOVIKA KukAdparta mepidappavovral o1 EVIOXUTEG, O1
TahavrwTég kal Ta TPoPodoTIKA kukAwpaTa 1oxuog. O1 evigxutég (amplifiers) mapa-
YOuV evioyxupéva NAEKTPOVIKG onpara et6bou and anuara €106860U PIKPOU HEYE-
Boug. Ito oxAua 2.1 diveral To wupBohikd Sidypappa €VOC EVIOXUTN.

1o kepahaio autéd Ba meplypayoue evIOYUTEG IOV kataokeualovral pe Tpavii-
aTop, evioxuTég pe Auxvieg kal TEAOG ©a aoxoAnBoUpe pe TO tpaviioTop embpa-
oewc mediou, To onoio ouvdualel Ta XapakTnPIoTIKa TOU tpaviicTop Kai TNg Au-
xviag, kai éxel TOMEG epappoyEg O€ evIoXUTIKA KukAwpara.

}—————o
%— Ewobog Evioxutng ‘EE0bog —
P |

Ix. 2.1,
TuuBohikd Sidypappa evigxuTn.

2.2 Evioyutég pe TpaviioTop.

To tpaviioTop, drwg avadépBnke nén, ypnoiponoleital o€ S1apopa NAEKTPOVI-
k& kukAdpara. Mia Sradedopévn kaTnyopia KukAwpaTwy €ivai ol EVIOXUTEG, Ol
onoiol mepiAapBavouy TpaviioTop, Kal eAéyxouv onuara esddou yeyaing evra-
Oews pe gApata elgddou pIKpAg EVTATEWS. Me Toug EVIOXUTEG UTTopEi emiong va
eniTeuxBei evioyuon 1 képbog 1axUog (power gain). ITo oxnpa 2.2a paiverar To
KOkAwpa evog evioxuTh pe TpaviioTop. ¥ éva TéT0I0 KUKAWWA, TLX., N oOvOETn av-
rioraon eicédou (input impedance) KupaiveTal peragl 0,5 kai 50 € kai n auvBern
avrioragn efédou (output impedance) petatl 10 kai 1.000 Q. Ag umoBéoope 0TI N
alvBern avrioTacn eigodou eivai 10 Q kain ouvBetn avrioTaon eE6dou 1.000 Q.
Ag umoBéaope eniong 6T To pelpa o péel anod Tov apvnTikG TOAO TNG Priarapiag
V, mipog Tov eknopmd, eival éva apmép (1A).

Tu'n,.\eKTpéwn Tou ekmopnol anwBolvTal TPos 11 Baon omou €vag HIKPOS apiB-
HOG nAekTpoviwy kaTaAauBaver omég oTnV meploxn Tng PAgews. Ma va enérBer ma-
Ai Igoppornia oy, évag ioog aplBpog nAEKTpOViwv «Eennday» and Tn Baon, pe ano-
Téheopa va SnuioupynBei évag avTioToixog apiBubdg VEwY STV, Ag untoTeBel TW-
pa, 611 éva mogoatéd 2% Twv NAEKTPOViwY ToU eloépxovTal oTn Baocn amd Tov K-
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Fxmopnig TURAERTNG
-
i s AR et ey
gesa |
Tuvde Baoy | TuvdeT
avtiotao) — | I Ry avtotaoy
£10060v | ; £Eobou
10 Q / e iy 1000 Q
002A
| 8 4@ r
1 i I
1
- [+ . B
W V2
Ix. 2.2a.

KOkAwpa evioxuTh pe TpeviioTop.

nopnié diappéouv TPOG TOV akpodékTn Trg Bagew.. Eivai davepo, 0TI TO peEUNA
npog Tn Baon eivai 0,02 A kai 10 pelpa TTPOG TO TUAAEKTN joo pe 0,98 A. Ta nhe-
KTpOVIa TIOU QVTIOTOIXOUV 010 pelpa Tou TUAAERTT Siamepvolyv TNV avtiotaan
¢optiou R ka1 N pmarapia V,. Ta petpara Twy 0.02 A kal 0,98 A npoaTiBevral
atov kopBo A (vopog Tou Kipkw®) kai €10l péer oTn unartapia V, pedpa 1 A

Eneidn n oGvBern avtioTaon Tng el0b&0U eival TTOAD piIKpOTEPN and T ouvBeTn
avtioraon Tng eEddou, To KUKAWHG TOU oxnuaTog 2.2a €xer Tnv IKavoTnNTa EVIGXU-
gewcg 10x00¢ i képdoug 1oxbog. To répSoc (i amoAapii) 1oxdog (power gain) opite-
Tar wg e§Ng:

1oxug eE6dou

Képdog 10x00g = (2.1)

ioxug el0650u

$T0 MapAdelyua ToU OxXAHATOS 2.2a n anoAhapBn oxlog unohoyileTal wg e§Ne:

loxog efodou = 1|2 x Z,
— (0,98)2 x 1.000 = 0,96 x 1,000
= 960 Watt

orou I eival To pedpa goptiou f pelpa efb66ou kal £, n auvbern avTioTaon
eEobou. Av Aoméy | eivai To peupa elgbbou kai Z; n ouvOetn avtioTaon eicodou,
EXOHE
loxug elgodou = Ii2 X Z;
S 1 I v o e O
10 Watt

Il

Tehog, To képdog 10xU0g eival

: Y 960
KEPSOG 10XU0G = =Tl =96

Anhadf n 1oxig ekodou eival 96 (opéc peyaAuTeEpn amo TNV 1oxU elo6dou.

Me 6poio Tpomo opiletal To Képdog peduarac (current gainj, T0 onoio gupBohi-
{eTal pe To ypdppa «ay Kai uriohoyileTai, yia Tov TUNO TNG SiaTafewg TOU OXNHATOC
2.2q, amd Tn oxéon
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pelpa gUAAEKTN

"~ pelua exmopniod
Zto napddelypa Tou oXHaTog 2.2a 70 peUPA TOU OUANEKTN eivar 0,98 A kai TO
pedpa Tou ekmourol 1,00 A. “Etol T0O Képdog peupaTog eival

Z1n ouvdeapohoyia TOU oXAHATOS 2.2, 6mou n Baon eivai koivi 0T KUKAWpa-
Ta exrmopnol Kar CUAAEKTN, TO GAga, «ay, eivai MAVTOTE HIKPOTEPO TNE povasdag,
agol To pedua eE6dou Sev umopel va urepBei To pelua Tng el0odou.

2.2.1 KunAwpara Kovou eKmopmou.

Fevika unmdpyouv TReIG HEBOSOI CUVSETEWS evoc TpavlioTop O€ KUKAWHATA EVI-
oxUoewe. O uéBodol auTég opifovTal ané To nAexTpGoIo TOU tpaviioTop mou eival
KOIVG gTa kukhbpara elcddou kal e§6dou TOU eVIOXUTA. ETNV TMEPITTWATN Mou 10
NAEKTPOGSI0 Tou ekmopmal eival kolvé ota SUo autd KukAwpara, To KUKAWPA Tou
evioyuTh ovopaleTal kixdwpa Kovou exmopmot (common emitter circuit). To k0-
kAwpa kolvol ekmounol éxel Tn HeyaAdTepn edappoyl) O€ EVIOXUTES pE Tpavdi-
artop, emeidh ekaapaiilel vywnAd Képbn pelparog, Tagewg Kai 10x006.

H ouvéeapoloyia Tou KUKAWLHATOG koivoU ekmopriol daiveTal aTo oxfua 2.2B.
To NAEkTPGSI0 TOU EKTTOUTION elval KoIvo oTa KUKAWpaTa elo68ou kai ekddou. To
Xpnoipomoiolpevo TpavlioTop, Oriwe daiveral ané T popd Tou Béroug, eival TO-
mou N-P-N. Ta nAektpdvia ou pelyouv ané Tov apvNTIKG TIBAO TNg prarapiag V,
€10€pYovTal OTNV TEPIOXT TOU exmmopnol. H méAwon petagl ekmopmol Kol Bacgewg
kaBopiler Tnv évraon Tou PeUATOS peTakd exmounol kai guAAékTn. ‘Evag moAl
HIKpOS apiBpdg nAekTpoviwy mayibeleTtal oTn Baon amo éva avrioToixo apiBud
ony. Ma ThY anokataoTagn Tng 1I00ppoTiag dopriwv oTn Baon, Aiya nAexrpévia
Slappéouy and Tov akpodéxTn Tng BaoEwS dlauéaou NG avTtioTaoewg eicddou R,
kai kataAfyouv oTo BeTikd MOAO TNG unarapiag V,. O peyahiTepog apIBuog Twy
NAekTpoviwv Tou mnapdyovralr oTov exmopTé, Slamepva T Baan kal elgEpxeTal
oTNV epioxn Tou cuMékTn. Exel amwBei éva avrioToixo apiBué nAekTpoviwy, Ta
omoia avaywpolv amé To CUANEKTN, Kai péow TS avrioTagews $optiov Ry
Katahfyouv oTo BeTikd mOAO TG ymarapiag V,. H evioyuon ogeileTal oTo OTI éva

Ix. 2.2B.
Baoiké kUkAwpa KoivoU ekmopmmou.
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EvioxuoT TLONDOEWS

ETiHU
TA0EWG
ewoobou

MeLwoY TOAIOEWS

Ix. 2.2y.
EvigxuTikd oTtadio N - P - N koivol ekmoumod.

pikp6 pelpa oTnv cigodo (0,02 A) guvobeleTal and éva MoAl peyaAiTepo pelpa
otnv €fobo (0,98).

Av epapuboope OTnNV elgoo éva ohpa nuITovoedolg TATEWS, onwe gaiveral
aTto axApa 2.2y, naparnpoUye OTI N TGan TNg e10660U aTn BETIKA NUIMEPIOSO TOU
ofpaTtog evioxlel TNV noAwan V, kai enopévwg aukavertal o apiBp6g TWV NAEKTPO-
viwv mou eloépyovrail oTn Baan and Tov ekmouné. ‘OTav n taon cigddou AaBel Tnv
Tipf «1» TO pelpa TOU GUAANEKTN Kal kat' €méktaan n taon ¢optiou I Ri
AapBavouv Tn péyIoTn mipf. NapahAnia, n Taon peTall TWY aKPOSEKTWY TOU guA-
AEKTN Kal TOU €KTopmou maipvel TNV eAGXIOTN TIWA ereldn eival o€ oeIpa YE My Ta-
on ¢opTiou kKaBwg Kal PE TN oTaBepr| Than TNg unarapiag V,. H taon Tou aKpobE-
KT «an oTny €§060 we TPog TOV akpo&ékTn «By Taipvel TN péyiaTn apvnTIKA TIUA
(onpeio «3» TG KAuTUANG).

‘Orav n Téon €10660U TMGPEI TN péyioTn apvATIKA TIHA (onpeio «2» TNG KapTi-
Anc), épxetal g€ avtiBeon pe TNV Tdon moAwoewg V, HE anoTéAETHa va PEIWBE N
guvohiki méAwaon mou epappdleTal petakl exmopmol Kal Baoews. Tn Xpovikn au-
TH oTIyun TO pedua Tou GUAAEKTN Kal Kar' €MeEKTacn n Taon ¢opTiou Taipvouy Tig
eAAxI0TeG TIHEG TOUG. MapdAAnia, n Taan peTakl Twy aKpoSEKTWY TUAAEKTN KAl
exmopmol maipvel PéyioTn Tipf, pe anoTéheoua o akpobéxTng «ax» Tng e§odou va
eival BeTIKGE WS TTPOG TOV AKPOSEKTN «B» kal n Taon egddou va AaBei yéyiorn BeTi-
ki) Tipn (anpeio «4» oTnv KapmoAn).

TuvoyilovTag, napatnpolye 11 To KUKAWHPA KOIVOU eXropTIoU Mapéxe! eviaxu-
on kal mapdhinia avaoTpédel TNV MOAIKOTNTA TOU ofuartog elcodou, Gaivopevo
nou Aéyetal avadrpodn @pdoews (phase inversion).

To képdog peUuparog Tou KUKAWHATOG KOIVOU EKMOPTIOU opilerar wg

Al
- £ (2:2)

Bl

omou B = képdog pelpatog
Al, = petaBoAn Tou pelpaTog OUAAEKTN
Aly = peTaBoAf Tou pelpaTog Bagewc,.
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0 ekmnopndg xproIJOToIEITal Wg KOIVO ONUEID HETPATEWS TWV SU0 evTagewv yia
ToV umoAoyioud Tou B, oI CUVABEIG TIéG TOU omoiou €ival yUpw oTto 100.

Ze kukAwpara koivol eKTOpTIOl XpnoiponolodvTal Kal TpaviioTop P-N-P. H Aei-
Toupyia Tou kukAwpaTog autol eival mapduola pe TN AeiToupyia Tou KUKAWPArog
KoivoU ekmopmol N-P-N. Zto kUkAwpa pe TpaviioTop P-N-P n Taon €i0650U eAéy-
X€l éppeca Tov apIiBué omMV MoU (EICEPXOVTAI) OTN Baon and Tov exnound. ‘Eval
eAéyxeTal To pelpa Tou TUAAEKTN Slapéoou Tou pelpaTog Tou Siappéel Tnv emagn
Baoewg-exmopmod. o oxApa 2.286 ¢aivetal To KOKAWHA KOIVOU EKTOUNOU pe
TpaviioTop P-N-P. OI moALCEIS Tou eQapuolovTal oTig enadés BATEws-eKmounoy
Kal GUAAEKTN-ekTopToU eival avrioTpodeg anod auTég Tou epappolovTal c}'o KU-
kKAwpa N-P-N (ox. 2.2y). Autd éxel wg amoTEAETHT TNV avTioTpodn TNg Gopdg Twv
PEUPATWY GUAAERTN, BAoEwg kal ekmopmoy. ITnv TEPITITWON QUTH, 01 PATEIS TWV
Taoewv efddou kal eiobEoU Sladépouy emiang Kard 180°, &nAadn umapxel maAi
avaoTpodh dacew. H clivBetn avrioTaon elgddou eival OXETIKA HikpA OTO KU-
KAwpa autd, emeidn epapudletal moAwon opBng dopag oTnV emagr Bdc‘ewg—
ekmopmol. TuvhBwe eival pikpoTepn Twy 5.000 Q. H olvBetn avrioTaan €§66ou
Kupaiverar peratd 50 - 50.000 Q.

IMua Ry Inua
tacewd TAoEWE
£10060u eEobou

Ix. 2.20.
KiOxkAwpa kolvol exmopmou P-N-P

‘Eva Baoikd xapaktnploTikG KAOE KUKAWHATOG ewcxﬂc‘ewg €ival n t.:l‘uxvdrr;ra
anokomijs (cuttoff frequency), mou avTioToIXel OTNn Guxvo'rqm TOU crnpcno? €l-
oddou, aTnv onoia To BiATa (B) eival To 0,707 Tou péyioTou BATa (B) Tou .KUKALUL.EC}
Toc. H guxvérnTa anokomig eivar pia évdein Tng nlﬁ‘rémm_g TOU ewcy‘xum PE Tpav-
GiaTop, étav Xxpnaiyornoleital wg oTadio evioXUOEWS ONUATWY €UPECS GATHATOG
TUXVOTATWV. - ’

To képdog rdoews (voltage gain) o€ kukAwpara KOIvoU eKTTopTIoU Fwou T‘O TInAi-
KO Tng Taoewg eE6d0u Npog TNV Taon €10660u Kal cmo*rel\gi TNV KUPIGTEPN EVEEIEN
™S evioxuoews (amplification). YmoAoyileTal and Tn oxéon

R
képdog Toews = B ; (2::3)

1

énou B = képdog pelipaTog
R, = avrioraon f obvBeTn avrioTaon eg6dou
R, = avrioraon fj ouvBern avrioTaon €100660U.
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2.2.2 ‘AMAa kukAwpard EVIOXUTWV.

a) Evioxuri koiviis Baoews.

$1o xUKAwpa ToU evioxuTI] KOIVIIS Baoews (common-base amplifier), n Taon
clo6&ou Tou TpaviioTop epapuodleral peTaly Bacews kal ekmopmol Kai n Taon
efoS0u Aapfaveral petakd Bagews kai QUMEKTN. ZTO KUKAWHA autd n ouvBeTn
avrtioTaon eilcodou eival MoAO pikpr, ouvinowg petaku 1-50 Q, eviy n ouvBeTn av-
rioTtaan e£bdou eival oAl peyaAn, ouvhBwg peTall 1.000 kai 1.000.000 Q. To
KOKAWHG EVIOXUTA kolvAg Bacewg ®aiveral OTO oxiua 2.2¢. ‘Otav TO OApa €i-
ob6&ou maipvel HEYIaTN PeTikfy TipA, N Tagn mou epapuoleral OTO KUKAWHG avTi-
raooeTal aTny TAoN nohpioewe Veg kai €1ol peiveTal N guVOAIK TAOT
TOADLOEWS exkmopmoU-BACEWS. Auth éxel wg anoTéAeopa TN Heiwarn Tou apiBuou
nAeKTpOViWwyY TOU elgépyovTal aTn Baon amd Tov exmopmo. ‘ETol, TO pelpa OUANE-
KT ToU Siappéel TNV avTioTaon doptiou R HEIDVETAI OTNV eAax1oTn TN Tou Kal
n taon I R otnv avTioTaon, HEILVETA avTigToixa aTny ehayioTn Tipf TG MaTmn
Siatipnon |gopporiag TAgEWS (vopog Kipkwd) 01O kOkAwpa egddou, N TAOT HETA-
E0 Bagewg Kat GUAAEKTN TOU TpaviioTop autdvetal oTn péyioTn TIPA TNG HE amoTé-
Aegua o aKpOBEKTNG «a» TNS ef660u va eival TTOAG TTO BETIKOG O€ OXEOQN HE TOV OK-
po&ExTN «Br. ‘Etal, n Téon efodou naipvel péyioTn BeTikd TipA (onpeio 3 gTnv Kap-
noAn €E66ou). ‘OTav 10 ofjpa eigbdou AGBel péyIoTn apvnTiKA TN (onueio 2 otV
KapmoAn eigbdou), N Taan mou edappoleTal 0TO kOkhwpa €xel TRV idia dpopa HE
v TAon TOADOEWS Veg kal étol aufaverar n GuvoAIKf TAon TOAWOEWS petatu
Bagews Kai exmopmoU. AnoTéheopa eival va auknBei To pevya GUAAEKTN Kal KaT’
enéxTaan n Taan oTny avTioTaon dopTiou R, va AdBel péyiotn TIA, EVW N Taon
peTafl oUAAEKTN Kal Bagews eAaxioTn Tipf. O akpodEékTng «a» NS ek6dou eival
ehayiora o BeTiKOG ATTO TOV akpoBEKTN «Br, Kai étal n Taon egddou naipvel péyi-
g7 apvnTIKA TIHA (onueio 4 otV kapmoAn etdbdou). MapnTnpoUpe OT| OE €va €Vi-
oxuii} KOIVIS paoews Sev umdapxeEl avaoTpop PATEWS, avriBera amo TNV nepi-
nTwarn ToU EvigxuTH KOIVOU exmounou.

,"‘_‘F__." = 4

Melwon TOMVOEWS

v
EB E (=4 a
B . a 3
—ts
_____ e ———
: Ie 100 mA I 98mA inpa
] . I8 | <R €E0BOU
Inpa By I
£10050uL 2mA | {
2 +
4 Vi ‘ Vo — Ven
. _.|+.._____J ._H_tJ'['— 7
4% ¢ TS —0
b B
Ves -

- + -+
—e o——|
Evioyuon TOAWSEWS

Ix. 22€.
KukAwpa evioxuTh xoivig Bagews pE Tpaviioop N-P-N.

WneionoiBrke amoé To ivotirouto EkmaibeuTtikrg MoAmkrg



21

Bl Kixdwpa koivod ouddéxtn.

Avadépope TENOG TO kUKkAwpa KkoIvou ouAAérTiy, 6TIOU 0 CUAAEKTNG TOU Tpavdi-
oTop eival koivdg oTa kukAdpata elcbdou kal eEddou. To KUKAWpO auto cmd\nc':
XPnoiuonoleital wg oTasio evioxUoews, XpPNOIHEUE! Guwg ouxva aTnv npoou(‘auovn
gUVBeTnc avTioTdoewc (impedance matching) Tng uwnAng gUvBeTng avTIoOTAgEWS
€fb660u evie evioxuTikoU oTadiou pe Tn xaunAi ouvBeTn avrioTaon elcédou Tou
€nduevou evioxuTikol oTtadiou. Eniong xpnoipomoleital yia Ty aropévwaon &ia-
Gopwy evioxuTikGv oTadiwv katd Tn oUleutn Tous.

2.3 Evioyurég pe Auyvieg.

Oa aoxoAnBoUje MapakdTw e EVIOXUTIKA KUKADpaTa AUXVIWV TPIOSWY, TETPO-
Swv kal mevrodwy, kaBwg kai pe Tn olleutn Twv EVIOXUTIKWY oTadiwy Auxviwv.

2.3.1 Evioxumikd kukAdpara pe Tpiodous.

H Tpiodoc evioxiel To oApa TATEWS TO OTIOIO edpappoleral petafl Tng cr'xc'xpag‘
eAéyxou kai Tng kaBGdou, dTwG paiveral oTo axAHa 2.3a. £1o kOkAwpa auTo, cw:r\
unarapiag (ox. 1.3%) xpnoipomoieital TPOPOSOTIKO 1ox00g evaAAaoOOUEVOU PEU-
Hatog (E P ) yia Tnv mupAkTwon Tou vipatos. Ag unoBéaope 6T n moAwaon mou
edappdleral otnv kGBodo eival —BV kal 6TI To Gfpd eig6bou Exel péyeBog 4V and
Kopudr oe kopudf]. Av To TpodosoTikd mapdyel 150V (Z P ) kai n Taon oTNV avTi-
oTaon gopriou R eivar 100V, n t@on Tng Auxviag MpoKUTTE! ion He SOV,' pe
€pappoyr Tou vopou Kipkwd oto kikAwpa efddou. ‘Orav 1o ofpa f.lcroéou eivai
HNSEv, n Taon oxapag eival ion pe TNV TGN MTOAWOEWS —6V. Me Taan —6V atn
oxdpa, ag unoBéoope OTI To pelipa Tou dlarepva n Auyxvia eivar 10mA. H Taon
optiou Ba eivar 0,01 x 10,000 = 100V kai katd CUVENEIO N TAON TNE Auxviag 50
V. Orav n téon eiocédou auknBei oe +2V, n Tdon oxapag Ba avérbel ané’—ﬁv age
—4V. Me tn oxdpa Aiy6Tepo apvnTiki, aufaverai To pelpa Tng Auxviag and 10 mA
0€ 12 mA npdypa mou Guvendyetal angnon Tng TEoEwWS GopTiou o€ 120 V. H tdon
€b68ou g Auyviag peidveral étol and 50 V oe 30 V {160V — 1.‘20\}r = 30\(}. H
avaluan Tou kukAdparog divetal ypadika oto oxfipa 2.3 otav n Taon €i06dou

-4\
-6V [~ - oa
Tdo
X \ -8 70V

oxapag, -8y
10K
5 ‘
. ; e
:gggof . “"f;’,’;ﬁg‘;““’ P i
i =
o— - }l l: —o
ﬂé?\uon

Ix. 2.3a.
EvioxuTikd KUKAwua Tpiodou.
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Taon

apag

+2V
Taom -~ )
£L06dou | o~/ | Eioobog \
.T. Tpowo&ouxﬂ; Tum]
W= = eEobou
| 4

Taon
£10060V
Tam |0 ‘
eLo0Bou v+ | Eioobog
-2V
Tpopobotunn
6V == 1407
I +
-4V v
! ol
N
-3V \
12V
Tcicm 0 - Y
106600 —\ZJV Elo080C

_T_..
X

Taom

o d

Iyx. 2.3p.
AvaAuan eVIOXuTIKOU KUKAWPATOS

pe Tpiodo Auxvia.
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auavetal ané OV age +2V aTo pépog (a), ané +2V ge UV 010 uépog (B), and OV oe
—2V gro pépog (y) kai ané —2V ge OV oT0 pPEPOS (6).

Suvowilovrag, mapartnpolpe 6T éva ofjua 4V oTny Taon elo6b0u (amd kopudn
g€ Kopugr) dnpioupyei éva oApa otnv Taon efodou 40V (amd kopudn O€ Kopu-
®f). AnAadi, o ouvredeatis ewaxugews (amplification factor) eival Ecoq pe 10.
Feviké o cuvTeheaThc evioxUoews g piag Auxviag diverai ard Tov TOMO

Deg, (2.4)

Aeg

Grou Aep = petaBoAf oTnv Taan avédou Tng Auxviag,
Aey = petafohn otny taon oxapag Tng Auxviag.

=

2.3.2 Fvioxurikd kukAdpara TeTpéSwvy Kai mevrodwv.

“Eva ané ta kOpia mpoBAfuaTa mou ennpedaiouy T AeIToupyia TRIOSWY Auxvitv
eival To paivopevo Tng SimAexTpodiakiic xwpnTIKGTNTAS (interelectrode capacitar)-
ce). H Omaptn tng xwpnTikdTNTAg QUTAS OQEIAETAl OTO yeyovog OTi peTagl Tng avo-
Sou, Tng axdpac kal Tng kaBddou Tng Auxviag SnuioupyouvTal, AOyw Tng VE‘wpe-
Tpiag Twy nAekTpodiwy, XWPNTIKOTATES oI omoieg BéRaia éxouv pIKpég TIpES. ‘OTav
N Auxvia Aeitoupyel o€ pikpég oUXVOTNTES, N SINAeKTPOSIAKA XWPNTIKOTNTA {)E on-
Hioupyei mpoPAfpara. AvtiBera, g€ peyaAeg ouxvoTnTeg (m.x pCH‘SIOC'!'U)(VDTr]Teg
KAL) n xwpnmikéTATa aut SNuIoUpyei TAAQVTWOEIG OTO EVIOXUTIKO KUkAwHa Kg:jl
g€ oplopéveg mepinmTwoeig, (eudn (coupling) peTadl Twv ¢ nuaTwy elc650u Kal €§6-
Sou.

lMa va avrigetwmoBei To mapanavw mpéBANKa avanTuxenke n TéTp('JéOQ Auxvia
HE TNV MpooBRAKN piag akdun oxapag mou AéveTal mpoguAakTIKi axapa'(scree_n
grid). H oxapa auth TonoBereita petakl TNg oxapag EAEYXOU Kai TNG avoéou’. o-
nwg daiveral oto oyfpa 2.3y kal ouvRBwg TpogodoTeiTal pe BeTikn TaoN ul'lcpo‘re’-
PN and Ty Tdon avodou. H mpooBeTn auth oxGpa amoTeAEl NAEKTPOOTATIKA aoTii-
8a petall Tng oxApac eAéyxou kal Trg avodou, Tou GUVTEAE! oTn peiwon Tng
SinkekTpodiakig xwpnrikétnTag kard 100 dopég e pimou.

MpoPUAGKTLKT
Ixapa oxapa
EAEYXOU

Kadot ;
e BeppavTipag
Ix. 2.3y.
SupPoAioptg TeTpddou Auxviac.

I1c oyfua 2.36 ¢aiveral pia TéTpodog o€ KUKAWPA €VIOXUOEWS. ZTF]V‘ npogpu-
hakmikiy oxapa epappdleTar BeTikA Taon XapNAGTEPN ATIO AUTNY THQ‘GVOéOI:I, Ta
NAekTpbvia mou pedyouv and Tnv kaBodo eAéyxovTal amo T oxapa eAéyxou, 6rweg
Kai aTnv nepimrwaen Tng Tpiddou, alra avTipeTwnilouv T BeTIKA TAON TNE TPOGU-

WniomnoiBrke amoé To ivotirouto EknmaibeuTikrg MoAmkrg
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Ix. 2.36.
EvioxuTikG kUkAwpa pe TETpodo Auxvia.

AQKTIKAG OXapag Kal emrayUvovTal TTpog TNV Aavodo SlanepvwvTag TNV mpoguAa-
KTIKA oxapa. “Evag mohd pikpOG apiBuog GUAAEYETAI Amo TN oxapa kai emaoTpeEdel
péow TNG avTIoTAgEWS OTO BeTikd MéAo Tou TpododoTikou. H peyain mhelowndia
TWwv NAEKTpOViWY GUAAEYETAI ané Tnv avobo kai 0deUEl TIPOS TNV avTigTaogn Gop-
Tiou. H mepaitépw avaiuon Tou KUKAWPATOG Eival Tapopoia He €Keivn TNG TRIOS0U
Auyviag.

H TéTpodog éAuae To TRPORANKA TNG SINAEKTPOSIAKAG XWPNTIKOTATAS KAl METUXE
peyahlTepoug QUVTEAEOTES evioXUOEWS and TNy Tpiodo, napaiAnia opwg on-
ploUpynoe éva véo mpoBAnpa.

H mapougia Tng MPOGUAGKTIKAG OXApag HeE Tn QeTikA Taon emTayxUvel Ta nAe-
KTpovia, Tou peTaxivoluvral ané Tnv kaBodo Tpog TNV avodo, O€ BaBuo ware va
anokTolv uwnAR KIVATIKA EvEpyela oTav ®Bavouy oTnv avodo. ‘Eva pépog TNg
evEpyEIag auTig peETaQEPETal HETW guykpoUoewy 0Ta NAEKTPOVIA TIOU BpiokovTal
péoa atnv avobo. ‘ETal, oplopéva nhekTpovia ané autd nou PBpigkovTar KovTa
arnv em@aveia Tng avosdou, anokToUV GPKETRA KIVITIKA EVEPYEIT Kal eEépxovTal
ano Tnv dvodo, 6rwg daiveral aTo oxnua 2.3¢. "Evag onuavTikog apiBpog ano au-
1@ Ta nAekTPOVIa CUAAEYOVTal ané TNV MPoGUAAKTIKA oxdpa, mou eival BeTika pop-
TIOPEVT, Kal €TOI HEIWVETAI O OuUVTENEDTAE EVIOXUOEWS. TO Gavopevo auto ovopd-
ZeTal SEUTEPOYEVIS exmountj (secondary emission), [a TNV avTIHETWITION TOU XPN-

‘Avoboc

AEUTEPOYEVT

ol o miextpovid

e e [TPOYUAARTLAY
oxapa

£yaps ———

EAEYXOU

Kd-gobog

Ix. 2.3€.
Gaivopevo Seutepoyevolg EKTOUTAG nAekTpoviwy,
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