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1 Eicaywyn

O TTUKVWTAG gival éva nAekTpIKG e€dpTnUa dUo akpodekTwy. Madi pe TIG avTIoTACEIS Kal
TOUG E€TTaywyeig, e€ival éva amd Ta Mo Beyehiwdn TadnTkG eCaptipaTa  TToU
XPNOIYOTTOIOUUE. Oa TTPETTEl VA WALETE TTOAU OKANPA yia va Bpeite éva KUKAwPA TTou va
MNV €XEl TTUKVWTH.

‘Evag mukvwriig
AuTO TTOU KAVElI TOUG TTUKVWTEG EEXWPIOTOUG €ival n IKavotnTé Toug va atroBnkelouv
EVEPYEIQ, €ival oav pPIa TTANPWGS QOPTIOUEVN NAEKTPIKN PTTATApPia. Ta KAtTdkida, OTTwWG
ouvnRBWG Ta AvaPEPOUNE, EXOUV KABE €idOUG KPIOIUES EQaPUOYEG O KUKAWMPATA. O1 KOIVEG
EQAPUOYEG TTEPIAANPBAVOUV TOTTIKA OTTOBAKEUON EVEPYEIAG, KATAOTOAR aiXHNG Tdong Kai
TTOAUTTAOKO QIATPAPICHA OfUaTOoG.
KaAutrreTal o€ autd 1o Mabnua
& autd 1O PAbnua, Ba e¢etdooupe OAa Ta €idn Twv BEPATWY TTOU OXETICOVTAI PE TOUG
TTUKVWTEG, OTTWG:
* MNw¢ KATAOKEUAZETAI £VAG TTUKVWTAG
* MNwg AeImoupyei évag TTUKVWTAG
* Movadeg xwpnTIKOTNTAG
* TOTTOI TTUKVWTWV
» TpdTTOG Avayvwpiong TTUKVWTWV
* MNwg ouvdualdeTal N XwpPnTIKOTNTA O€ OLIPd Kal TTapdAAnAa
* KoIVEG EQOPUOYEG TTUKVWTWV

2 ZUpBoAa Kal povadeg
2.1 ZO0pBoAa KUKAWPATOG

Ymrdapyouv 600 cuvnBeIg TPOTTOI YIa VO OXEDIAOETE évav TTUKVWTH o€ éva oxXnPaTIKO. ‘Exouv
TTAVTA dUO OKPODEKTEG, Ol OTTOI0I CUVEXICOUV VO CUVOEOVTAI PE TO UTTOAOITTO KUKAWWA. To
OUMBOAO TWV TTUKVWTWV aTTOTEAEITAI OTTO dUO TTAPAAANAEG YPAUMEG, Ol OTTOIEG Eival EiTE
eTTiITTEdEG €iTe KAPTTUAEG. Kal o1 800 ypappég TTpETTEl va gival TTApGAANAEG PETAEU TOUG,
KOVTA, aAAG OXI EQATTTOUCEG (aUTO Eival AVTITTIPOCOWTTEUTIKO TOU TPOTTOU KOTOOKEUAG TOU
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TUKVWTA.  AUOKOAO va  TO  TIEPIypAYw, TMO  €UKOAo  va 1O  Oeigw:
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Ta (1) kai (2) eivar Tummika oUufoAa kukAwuarog mukvwrwy. To (3) eival éva mapadsiyua ouuoAwv
MUKVWTWV o¢ 6paarn oe éva KUKAwua pubuiori raong.
To GUMPBOAO HE TNV KAUTTUAN YPAPKA (#2 OTNV TTOPATTAVW QwToypa@ia) uttodeikvuel 6T O
TIUKVWTAG €ival TTOAWPEVOG, TTou  onuaivel 6T gival  NAEKTPOAUTIKOG  TTUKVWTAG.
MepioodTEPA YIA AUTO OTNV EVOTNTA TUTTOUG TTUKVWTWY QUTOU TOU OEUIVAPIOU.

KaB¢e TTukvwTrg TTPETTEI va cuvodeUeTal atro éva ovopa -- C1, C2, K.ATT.. -- kal yia Tipn. H
TIMA TTPETTEI VA UTTOBEIKVUEI TNV XWPENTIKOTNTA TOU TTUKVWTH, TTOOA QapavT £xel. MIAwvTag
Yo QAPAVT...

2.2 Movddeg XxwpnTIKOTNTAG

Agev dnuioupyoUvTal 6A0I 01 TTUKVWTEG iool. KABE TTUKVWTHAG €ival KOTAOKEUAOUEVOS VI VO
EXEl IO OUYKEKPIPEVN TTOOOTATA XWPENTIKOTNTAG. H XwpnTIKOTNTA VOGS TTUKVWTH 0AG A€l
TTOON GOPTION UTTOPEI va aTToBnKeUOEl, TTEPICOOTEPN XWPENTIKOTNTA GNUaivel JeyaAuTepn
XwpnTiKOTNTA  ammobrkeuong @optiou. H Tummik povdada xwpenTiKOTNTag OvopadeTal
@apdvT, n oTroia gival cuvtopoypagia F.

AtrodeikvueTal 6Tl éva farad £xel TTOAEG XwpnTIKOTNTEG, akdun kai 0,001F (1 millifarad --
1mF) eival évag peyaAog TTUKVWTAG. ZuvhnBwg, Ba deite TTUKVWTEG TTou BaBuoAoyouvTal
oTnv TepIoxn pico- (10-12) €éwg microfarad (10-6).

npgggpp;og Zuvtopoypagia KiAa looduvapa Farads
Picofarad pF 1012  0.000000000001 F
Nanofarad nF 10-9 0.000000001 F
Microfarad pF 10-6 0.000001 F
Millifarad mF 10-3 0.001 F
Kilofarad kF 103 1000 F
This project has been funded with support from the European Commission. This publication [communication] 3
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Ortav @T1doeTe 0TO €UPOG XWPNTIKOTNTAG atrd farad €wg kilofarad, apxifete va pIAaTE yia
€10IKA KatTékia TTou ovopdlovTal super ry ultra-capacitors.

3 Oewpia MukvwTwWV

Znueiwon: Ta paypaTta o€ autriv TN oeAida dev gival ammoAUTWG KPIioIPa yia apXapioug
NAEKTPOVIKOUG VA TA KATAVONOOUV...KAI YiveTal Aiyo TTEPITTAOKO TTPOG TO TEAOG. ZUVIOTOUUE
va diapaoete TNV evoTnTa MNMW¢ KAataokeuddetal £vag TTUKVWTAG, Ta AAAa Ba ytropoucav
va TTapaBAe@Bouv edv 0ag TTPOKAAOUV TTOVOKEPQAAO.

3.1 NMwg KATAOKEVAJETAI £VAG TTUKVWTAG
To oxnuaTiké cUUBOAO yIa €vav TTUKVWTA PoIAZel TTOAU PE TOV TPOTTO KATOOKEUNG TOU.
‘Evag TTUKVWTAG dnuioupyeital atrd dU0 PETOANIKES TTAAKES Kal €va JOVWTIKO UAIKO TTou
ovopadetal OINAeKTPIKG. O1 HETAANIKEG TTAAKEG gival TOTTOBETNUEVES TTOAU KOVTA N dia 0TV
GAAN, TTapdAAnAa, aAAd 1o BINAeKTPIKO KABeTal avAueod Toug yia va BePaiwdei 6T dev
OKOUUTTOUV.

Dielectric

\ Terminal
; O

Metal P tes

To TumkG O0a¢ OAvToUITS TUKVWTI): OUO PETAAAIKES TAdKeS mou xwpidovral amo éva HUOVWTIKO
OINAEKTPIKO.

To dINAEKTPIKO UTTOPEI VO KATAOKEUAOTEI aTTd OAQ TA €i0N JOVWTIKWY UAIKWV: XaPTi, YUAAI,
KAOUTOOUK, KEPAUIKO, TTAACTIKO 1] oTIOATTOTE EUTTOdIEI TN POM TOU PEUUATOG.

O1 TTAGKEG €ival KOTAOKEUAOHUEVEG OTTO AYWYIKO UAIKO: aAouivio, TavTaAlo, acri 1 GAAa
METaAAQ. Eival ouvoedepévo 1o KaBéva pe éva KOAWDIO aKPOOEKTWY, TO OTTOI0 TEAIKA
OUVOEETAI PE TO UTTOAOITTO KUKAWQ.

H xwpnTIKOTNTA VOGS TTUKVWTHA -- TTOoa farads €xel -- eEapTaTal atTd TOV TPOTTO KATAOKEUNG
ToU. MMePICOBTEPEG XWPNTIKOTNTEG ATTAITOUV PJEYAAUTEPO TTUKVWTI). MAGKEG e PeEyaAUTEPN
ETTIKAAUTITOMEVN ETTIQAVEIA  TTAPEXOUV  HEYOAUTEPN XWPENTIKOTNTA, €V HeEYOaAUTEPN
a1réoTa0N METOEU TwV TIAAKWY Onuaivel HJIKPOTEPN XwpeNTIKOTATA. TO UAIKG TOU
OINAEKTPIKOU €TTNPEACEI akON Kal TTooa farads €xel éva KATTAKI.

3.2 NMwg AsiToupyei £vag TTUKVWTAG

To nAekTpIkS pelpa gival n por) Tou NAEKTPIKOU POPTioU, TO OTTOI0 A&IOTTOIOUV Ta NAEKTPIKA
€CQPTAMATA VIO VO avAWOoUV, va TTEPIOTPEWOUV 1 va KAvouv 0,11 kKavouv. OTtav To pelua

This project has been funded with support from the European Commission. This publication [communication] 4
reflects the views only of the author, and the Commission cannot be held responsible for any use which may be
made of the information contained therein.



Sl Co-funded by
E:::::g] 2021-1-FR01-KA220-SCH-000031617 RIPall the European Union

péel og €vav TTUKVWTH, Ta QOpPTia «KOAAGvE» OTIG TTAAKEG €1TeIdry &gv ptTopouv va
EETTEPACOUV TO HOVWTIKO DINAEKTPIKS. Ta NAeKTPOVIA -- APVNTIKA QOPTICUEVA CWUATIOIA -
- avappo@ouvTal o€ Jia atro TI¢ TTAAKEG Kal auTr] yiveTal OuvoAiKd apvnTiKa gopTiopévn. H
MEYAAN pdala apvnTIKWV QOpTiwv 0T dia TTAAKa atmopakpUveTal OTTwS Ta QOopTia aTnV
GAAN TTAGKQ, KABIOTWVTOG TNV BETIKA QOPTICHEV.

I
+ |
Less Electrons + | More Electrons

tEIuctric Field
TNwg Asitoupyei évag mMukvwng

Ta BeTikKA Kol apvnTIKA @opTia o€ KaBepia atrd auTég TIG TTAAKEG EAKUOUV TO éva TO GAAO
ylati autd kavouv Ta avTifeTa gopTia. AAAG, PE To BINAEKTPIKO va KABeTal avapeod Toug,
600 KI av BéAouv va ouvéABouv, ol xpewaelg Ba peivouv yia TTavia oTo AT (MEXPI va
£Xouv KATTou aAAoU va trdve). Ta otaBepd @opTia o€ auTég TIG TTAAKES dnuioupyolv éva
NAEKTPIKO TTEDIO, TO OTTOI0 €TTNEEACEI TNV NAEKTPIKN dUVAMIKA evépyela Kal Taon. Otav
OMadOTTOIOUVTAI YOPTIOEIG OE £vAV TTUKVWTHA OTTWGS AUuTAG, TO KATTAKI ATTOBNKEUEI NAEKTPIKN
EVEPYEIQ OTTWG AKPIBWG YIG UTTaTapia UTTOPEI va atToBnKeUoEl XNUIKN EVEPYEIQ.

3.3 ®opTION KAl EKPOPTION

Otav 1o BeTik& KOl Ta OPVNTIKA QOPTIA CUVEVWVOVTAI OTIG TTAGKEG TOU TTUKVWTH, O
TTUKVWTAG @opTileTal. 'EVag TTUKVWTAG WTTOPE va diaTnproel To NAEKTPIKS Tou TTEdI0 -- va
OUYKPATAOEI TO QOPTIO TOU -- TTEION Ta BETIKA Kal apvnTiK& @opTia o€ KABE pia atrd Tig
TTAGKEG EAKOVTaI HETAEU TOUG AAAG TTOTE OEV PTAVOUV TO £va OTO GAAO.

Katrola oTiyur, o1 TTAGKEG TTUKVWTWYV Ba gival T000 yePATeG QOpPTIoEIG TToU aTTAd dev
MTTOPOUV Va deXTOUV AAAA. YTTApXOUV apKETA apvnTIKA QOPTia O€ £vVa TTIATO TTOU UTTOPOUV
va amrwBnioouv otroladhmote AAAa TTpooTTaBolv va evwoouv. Edw Traifel pdAo n
XwpnTIKOTNTA (farads) evog TTUKVWTH, N OTTOIa 0ag A£€l TN PEYIOTN TTOOOTNTA GOPTIONG TTOU
MTTOPEI va atmoBnKeUael TO KATTAKI.

Edv dnuioupynOBei pia diadpour) oTo KUKAWMA, N OTToia €TTITPETTEI OTA POPTIa va Bpouv
GAAN dladpoun ETA&U Toug, Ba @UYyoUV aTTO TOV TTUKVWTH KAl Ba EKQOPTIOTEI.

MNa Tapddelyua, oTo TTAPAKATW KUKAWUA, MIa JTTaTApia JTTOPED va XpnaoiuoTtroinBei yia va
TIPOKAAECEI NAEKTPIKO OUVAMIKO KOTA WAKOG TOUu TTUKVWTH. AuTé Ba TTpoKaAéoel Tn
dnuioupyia iowv oAAG avTiBeTwV QopTiwv ot KaBepia atod TIG TTAAKESG Ewg OTOU yepioouv
1600 WOTE va atTwBouv oT1To10dTToTE AAAO peUpa aTrd T pory. ‘Eva LED totroBetnuévo o€
o€Ipd Pe TO KOTTAKI Ba pTTopoucE va TTapéXEl pia dladpoun yio TO peUUA Kal N EVEPYEIQ
TTOU €ival aTroBnKeUPEVN OTOV TTUKVWTH Ba utTropouce va XpnolhoTtroindei yia va avayel
yia Aiyo 1o LED.
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¥

DSpr1ION KAl EKPOPTITTN

3.4 YroAoyIiopuog @OpTIOoNG, TAONG KAl PEUMATOG

H xwpnTmikdTNTa €£vOC TTUKVWTA -- TTO0A farads £xel -- oag Aéel TTéon @OpPTIoN WTTOPEi va
ammoBnkevoel. To OO0 QopTio aTmoBnKeUel ONuUepa €vag TTUKVWTAG eEapTdTal atmmo Tn
dlapopd dUVAMIKOU (TAoN) METAEU Twv TTAGKWY Tou. AUTH n OXéon MPeTagU @oprTiou,
XWpPNTIKOTNTAG KAl TAONG UTTOPEI va pJovTeAoTroinBei Ye autrv Tnv egiocwon:

Q=CV

To @oprio (Q) mou armrofnkeusral o€ évav MUKVWTH gival TO YIVOUEVO TNG XwpnTikoTnTag rou (C) kai
Tng raoncg (V) mou spapudlsrar o€ aurov.

H xwpnTIKOTNTA £VOG TTUKVWTA TTPETTEI va gival TTAVTA PIa oTaBepr|, yvwaoTh TiPA. ‘ETol,
MTTOPOUME va puBpicoupe TNV TAON yIA va QUENOOUUE 1 VA UEIWOOUUE TN GOPTION TOU
Katrakiou. lNepioodTepn TAON onuaivel TTEPICOOTEPN POPTION, AIYOTEPN TACN...ANIYyOTEPN
QopTIoN.

AuTA n e€iowaon pag divel eTTiong £vav KAAG TPOTTO va OPICOUNE TNV TIUA evOg @apdavt. Eva
@apavt (F) gival n iIkavotnTa ammoBnkeuong PIag HovAdag evépyelag (KOUAOUTT) avd kdBe
[BOAT.

3.5 YmroAoyiouoég pepatog

MtropoUpe va TTaue Tnv €§icwaon @OpTIoNG/TAoNS/XwenTIKOTNTAG éva Brina TTapaTtrépa yia
va uaboupe TTWG N XwpenTIKOTNTA Kal N TAon €TNPEAlouv To peupa €TTEION TO pelua gival
0 puBubg pong Tou YopTiou. H oudia TG oxéong evog TTUKVWTH WE TNV TAON KAl TO pelua
givalr n €€nG: N TOoOTNTA TOU PEUPATOG MEOW €vOG TTUKVWTA e€apTaTal TG00 aTmd TNV
XwpNTIKOTNTA 600 Kal atrd To TTé00 ypriyopa autdvetal i TTEQTEl N Tdon. Edv n taon o€
évav TTUKVWTH augavetal ypriyopa, éva PeydAo BeTikO pelua Ba TTPokANnBei péow Tou
TTUKVWTA. Mia 1o apyr] dvodog Tng TAoNG o€ £€vav TTUKVWTH I00OUVAET JE Eva PIKPOTEPO
pevpa péow autou. Edv n tdon og évav TTUKVWTH €ival oTabepr) kKal aueTaBAnTn, dev Ba
TTEPATEl pela.

(AuTo gival aoxnuo Kal pTraivel atov Aoyiopo. Agv gival IBIAITEPWG aTTaPAiTNTO £WG OTOU
MTTEITE OTnNV avAAuon Tou TOPEQ TOU XPOvou, OTO OXedIaoud @iATpou Kal o€ AGAAa
ETMKivOuva TTPAYHATA, OTTOTE TTPOXWPNOTE OTNV ETTOUEVN OEAIDA €AV dev AIOBAVEDTE AVETA
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ME autrv TnV €giowon.) H egiocwon yia ToV UTTOAOYICHO TOU PEUPATOG HEOW VOGS TTUKVWTA

v
dt

To TuAua DV/dt autrg TG egiowong eival pia TTapdywyn (évag eavtaxTepodg TpOTTog Va
TTOUME OTIVUICia TaXUTATA) TNG TAONG KE TV TTAPODO Tou Xpdvou, gival Ic0dUVANO HE TO va
Toupe, "Mbéoo ypriyopa aveBaivel r kateBaivel n 1don auti TN oTiypn". To peyaio
TAEOVEKTNMAG aTTO auTH TNV £€iowoaon gival 0T €Av n TAon gival oTabepn, n Tapdywyog eivai
MNOEv, TTpAyua TToU onuaivel 0TI To pelpa gival TTiong PNdév. Autdg gival 0 AOyog TTou T
peUpPa dev PTTOPED Va péel HEow evOg TTUKVWTA TTou diatnpei otaBepr Tdon DC.

4. TOTTOI TTUKVWTWYV

Ymdpyxouv OAa Ta €idn Twv TUTTWV TTUKVWTWY €KEI €€w, O KaBévag e opIouéva
XOPAKTNPIOTIKA KAl JEIOVEKTAMATA TTOU TOV KABIOTOUV KOAUTEPO YIA OPICHEVESG EQAPHOYEG
atro AAAeG.

Otav amo@acifete yia TOUG TUTTOUG TTUKVWTWY, TTPETTEI va AABETE uTTOWN MIa XoUQTa
TTOPAYOVTWV:

* MéyeBog - MéyeBog 1060 atrd atmmown QuoikoU Oykou 600 Kal XwpnTmikétntag. Eivai
ouvnBeg @aivouevo £vag TTUKVWTAG va gival TO JEYOAUTEPO €EAPTNUA O€ éva KUKAWWA.
MTTopOoUV £TTioNg Va gival TTOAU PIKPOOKOTTIKA. O TTEPICOOTEPES XWPNTIKOTNTEG ATTAITOUV
ouVHOWG PEYOAUTEPO TTUKVWTH.

* MéyioTtn tdon - KaBe TTukvwTAG €ival BaBuoAoynuévog yia pia HEyioTn TAon TToU PJTTOPEi
va 1éoel o€ autév. OpIopEvol TTUKVWTEG PTTOPED va gival ovopaoTikoi yia 1,5 V, GAAol
MTTOPEl va ovopddovTtal yia 100 V. H utépBacn Tng PEYIOTNG TAONG OuvNBWG £XEl WG
QTTOTEAECHA TNV KATAOTPOQI] TOU TTUKVWTH).

* PeUpa diappong - O1 TTukvwTéG Oev gival TEAEI01. K&Be katTdki sival eTTIppeTTéG O€ dlappon
MIKPOOKOTTIKAG TTO0OTNTAG PEUPATOG MECW TOU DINAEKTPIKOU, ATTO TOV £vaV OKPOOEKTN
oTov AAAO. AUTA N HIKPOOKOTTIKI QTTWAELIA PEUUATOS (CUVABWG VaVOAUTIEP 1) MIKPATEPN)
ovoudadetal diappor). H diappor] TTpokaAei apyrj, aAAd oiyoupa atrooTpdyyion Tng
EVEPYEIOG TTOU ATTOONKEUETAI OTOV TTUKVWTH.

* looduvaun avriotaon oeipdg (ESR) - O1 akpodékTteg evog mukvwTh dev gival 100%
aywyiuol, Ba £xouv TravTa pia pikpA avriotaon (ouvibwg pikpdtepn amd 0,01Q). Auti n
avTioTaon yiveral TTpoBAnua étav TOAU peupa TTepvAEl HEOQ aTTO TO KATTAKI, TTAPAYOVTAG
atmwAela BepudTnTag Kai 1I0XU0G.

* Avoxn - O1 TTUKVWTEG €TTiong Oev UTTOPOUV VO KATAOKEUAGTOUV WOTE VA €X0UV aKpIfBA,
XwpnTIKOTNTA. K&Be KatTdki Oa BaBuoAoynBei yia Tnv OVOPaOoTIKA TOU XWPENTIKOTNTA, OAAd,
avaAoya e Tov TUTTO, N GKPIBAG TIWA PTTopEl va TroikiAAel atmd £1% éwg +20% Tng
€MOUUNTAG TIMNAG.
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4.1 KepaIKOi TTUKVWTEG

O 1m0 ouxvA XPNOIUOTTOIOUHEVOG KAl TTAPAYOUEVOG TTUKVWTHG EKEN £EW €ival O KEPAUIKOG
TTUKVWTAG. To &évopa TTpoépxeTal atmmd To UAIKO atmd TO OTT0i0 KATAOKEUAZeTal TO
OINAEKTPIKO TOUG.

O1 KePAUIKOiI TTUKVWTES €ival ouvhBwG MPIKPOoiI TO0O atrd QuOIKh dtmmoyn 600 Kai atrd
TAEUPAG XwpnTIKOTNTAG. Eival duokoAo va Bpeite évav KEPAUIKO TTUKVWTH TTOAU
peyaAutepo atrd 10 pF. 'Eva kepapikd KOTTAKI ETTIQAVEIOKNG TOTTOBETNONG PPIOKETAl
ouvnBwg o€ PIKPOOKOTTIKEG ouokeuaaieg 0402 (0,4 mm x 0,2 mm), 0603 (0,6 mm x 0,3
mm) ) 0805. Ta kepauikd KaAAUpuaTa diapTmepoUs OTNG ouvhRBwg Poldlouv Pe PIKPoUg
(KOIVWG  KITPIVOUG ] KOKKIVOUG) AQUTTITAPEG, ME OUO TIPOEEEXOVTEG OKPOOEKTEG.

Avo kamdkia o€ pia S1auTTEPNS, AKTIVWTH OUOKeuaaia. éva kamdki 22pF ora apiotepd kai éva 0,1uF
ora 8eé1d. Zrn péon, éva UIKPOOKOTIKO kdAuupua smipaveiag 0,1 uF 0603.

>& oUyKpION PE Ta €gioou dNUOPIAN NAEKTPOAUTIKA KATTAKIA, TA KEPAMIKA €ival £vag TTIO

10aVIKOG TTUKVWTAG (TTOAU xaunAoTepo ESR kai peupata diapporg), aAAd n Hikpr) Toug

XWpPNTIKOTNTA PTTOPEI va gival TTEPIOPIOTIKA. Eival cuvnBwg n ¢BnvoTepn €mmAoyn €TTiong.

Autd 1o KOTTAKIa €ival KOTAAANAQ yia €QapuoyEg Celéng Kal atroouvdeons uwnAng

ouxVvoTNTaG.

4.2 HAeKTPOAUTIKO OAOUMIVIO KOl TAVTAAIO

O1 nAeKTPOAUTEG gival UTTEPOXOI ETTEIDA MTTOPOUV VO CUCKEUACOUV TTOAEG XWPNTIKOTNTEG
o€ HIKPO Oyko. Edv xpeidleaTe Evav TTUKVWTH oTnVv epioxn 1uF-1mF, gival TToAU TBavd
va Tov Bpeite o€ NAEKTPOAUTIKR pop@r). Eivar 1diaitepa katdAAnAol yia epappoyEG uWnAAg
Tdong AOyw TWV UWPNAWYV PEYIOTWVY XAPAKTNPIOTIKWY TAONG TOUG.

O1 nAekTPOAUTIKOI TTUKVWTEG  aAoupiviou, o1 TTIO ONUOQIAEIG TNG OIKOYEVEIDG TWV
NAEKTPOAUTIKWYV, OUVABWG polddouv e MPIKPEG KovoépPeg, pE Ta dUo KaAwdia va
EKTEIVOVTAI ATTO TO KATW PEPOG.
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Mia moikiAia NAeKTPOAUTIKWY TTUKVWTWYV SIAUTTEPOUS KAl ETTIPAVEIAKNS TOTTOOETNONG. ZNUEIWOTE OTI
10 KaOéva éxel kamoia ué6odo yia tn ojuavon g kabodou (apvnTiké KaAwdio).

AUOTUXWG, Ta NAEKTPOAUTIKA KAAUPpaTa €ival ouvhBwg TToAwpéva. ‘Exouv pia BeTIKN
OKida -- TNV Avodo -- Kal hIa apvnTIKA akida TTou ovouddleTal kdBodog. OTav e@apuoleTal
TA&oN 0€ £va NAEKTPOAUTIKO TTWHA, N Avodog TTPETTEN va gival o€ uynAdTEPN TAON ATTO ThV
KaB6060. H kaB0d0¢ evog NAEKTPOAUTIKOU TTUKVWTH OUVABWG TTpoadlopileTal e Eva onpadl
«=» Kal i Eyxpwun Awpida oto epiBAnua. To okEAOG TG avodou PTToPE ETTIONG va gival
eEAA@PWG HAKPUTEPO WG GAAN €vdeiEn. Edv epapuooTei 1don avrioTpoga o€ éva
NAEKTPOAUTIKG KaTTdKI, Ba atmoTUxouv BeauaTikd (KavovTag oKAoIWo) Kal povipa. Metd 1o
OKAGIUO, €va NAEKTPOAUTIKO Ba CUMTTEPIPEPETAI OAV BPAXUKUKAWA.

Autd 10 KaAUppata civar emmiong dlaBonTa yia diappor -- €MTPETTOVIAG OF HIKPEG
ToooTNTEG pPeUpaTog (NG TéENG Tou nA) va dlaTpéXouv TO OINAEKTPIKO aTTd TO £va
TEPMATIKO 0TO GAAO. AuTd KaBIoTA Ta NAEKTPOAUTIKG KaTTdkia AlyoTepo atrd 10avikd yia
atroBnkeuon evépyelag, KATI TToU gival aTtuxEg dedouévng TNG UYWNANG XwpeNnTIKOTNTAG Kal
TNG OVOUAOTIKAG TAONG TOUG.

4.3 YITEPTTUKVWTEG

AV PAXVETE yIa £vaAV TTUKVWTH KATAOKEUOOWEVO YIa aTTOOAKEUON EVEPYEIAG, NV KOITAGETE
TTEPA ATTO TOUG UTTEPTTUKVWTEG. AUTA TA KATTAKIA €ival JOVODIKA OXEDIAOUEVA VIO VA £XOUV
TTOAU UWPNAEG XwPNTIKOTATEG, OTNV TTEPIOXH QAPAVT.

Evw pmmopouv va atmoBnkeuoouv éva TeEpAOTIO TTOOO QOPTIONG, TA UTTEPAUTOKIVNTA OEV
MTTOPOUV VO QVTIMETWTTIOOUV TTOAU uwnAég Tdoeig. Autd T1O0 supercap 10F éxel
BaBuoAoynBei povo yia 2,5V max. OTIdATTOTE TTEPIGOOTEPO aTTO AUTO Ba TO KATACTPEWEI.
Ta ooUtrep KaAUppaTa ToTToBeTOUVTAI OUVABWG O€ OEIPA YIa va ETTITEUXOEI uPNAOTEPN
OVOMQOTIKN TAON (MEIWVOVTAG TAUTOXPOVA TN GUVOAIKA XwpenTikOTATA). H KUpIa epapuoyn
TWV UTTEPTTUKVWTWYV €ival n amoBrikeuon Kal n oTreAeuBépwaon evépyelag, OTTWG Ol
MTTATOpPIEG, TTOU OTTOTEAOUV TOV KUPIO AVTAYWVIOHO TouG. Evw Ta supercaps dev UTropouv
VO Xwpéoouv TOON evépyela 60O Mo ptTatapia idlou peyéBoug, PITOpOUV va Tnv
atreAeUBEPWOOUV TTOAU TTIO YPryopa Kai cuvhBwg éxouv TTOAU peyaAuTepn didpkeia (wAG.
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Ta nNAEKTPOAUTIKE Kal KEPAUIKA KATTAKIA KaAUTITouv Trepimou 10 80% Twv TUTTWV
TTUKVWTWV €Kl €Ew (Kal Ta supercaps POvo TTepITTou T0 2%, aAAG gival oouTrep!). ‘Evag
GAAOG KOIVOG TUTTOG TTUKVWTH €ival O TTUKVWTAS QIAM, O OTT0i0G O10B£TEl TTOAU XAWNAEG
TapacITiIkEG ammwAeleg (ESR), kaBIoTwvTag Toug 1I8avIKOUG YIO TNV AVTIUETWTTION TTOAU
UWNAWY PEUPATWV.

Ymrapyxouv TTOANOI GANoI AiyoTepo ouvnBiopévol TTUKVWTEG. O1 PETABANTOI TTUKVWTEG
MTTOPOUV VA TTAPAYOUV MIa CEIPd aTTO XWPENTIKOTNTEG, YEYOVOGS TTOU TOUG KaBIOTA pIa KOAR
€VAAAQKTIKA AUON OTIG HETABANTES AVTIOTACEIG G KUKAWPATA ouvToviopoU. Ta oTpIppéva
KaAwdla 3 Ta PCB ptopolv va dnuIoupynoouv XwpnTtikOTNTa (UEPIKEG POPEG
avemouunTtn) €meIdn 1o Kabéva atroTeAeiTal atrd dUo aywyoug TTou XwpilovTal atrd évav
povwTr. Ta Bala Leyden -- éva yudAivo BaZo yeudTo Kal TTEPITPIYUPIOHUEVO aTTd aywyoug
-- gival To0 O.G. TNG OIKOYEVEIOG TWV TTUKVWTWY. TEAOG, QUOIKA, Ol TTUKVWTEG PONG (Evag
TTEPIEPYOG OUVOUQOHOG TTNVIWV KOl TTUKVWTWY) €ival KPIOIKOI €0V OKOTTEUETE TTOTE va
TaCIOEWETE TTIOW OTIG PEPES TNG 06Lac.

5. MNukvwTég o€ oeipa/TrapaAAnAa

Omwg kal ol avTiIoTAoEIG, TTOANOI TTUKVWTEG UTTOpoUV va ouvduaoTouv o€ oelpd N
TapdAAnAa yia va dnuioupyrioouv pia ouvduacguévn 1ooduvaun xwpenmikomnta. Ol
TIUKVWTEG, WOTO0O0, aBpoifovial Pe TPOTTO TTOU €ival eviEAWS avTiBeTog ammd Toug
QVTIOTATEG.

5.1 NMukvwTég TTAPpAAANAa

Ortav ol TTUKVWTEG ToTToBeTOUVTAI TTAPAGAANAQ HETAEU TOUG, N CUVOAIKA XWPNTIKOTNTA ival

aTTAWG TO ABPOIoUA OAWV TWV XWPENTIKOTATWY. AuTé gival avaAoyo Pe TOV TPOTTO TTOU Ol

avTIOTACEIC TTPOGOETOUV oétav BpiokovTal o€ o€lpd.
L X ]

C1 C2 CN-‘1 CN

N B B

CTot = C1+C +"'+CN—1+CN

lMukvwrég mapdAAnia
‘ET01, yia Tapddeiyua, Qv €ixaTe TPEIG TTUKVWTEG WE TINES 10uF, 1uF kai 0,1uF TapdAAnAa,
n ouvoAikn xwpntikétnta 6a Atav 11,1uF (10+1+0,1).

5.2 NMukvwTég o€ oeIpd

Omwg o1 avrioTaoelg gival dUOKoAo va TTpooTeBoUuv TTapdAANAQ, £T01 Kal Ol TTUKVWTEG
yivovTtal TpouakTIKoi 6Tav TotroBeTouvral o€ oe€ipd. H ouvoAik xwpntikdtnTa Twyv N
TIUKVWTWYV 0€ OeIpd €ival To avTioTpo@o Tou aBpoiopaTog OAwv Twv avTioTpoQwv
XWPNTIKOTATWY.

This project has been funded with support from the European Commission. This publication [communication] 10
reflects the views only of the author, and the Commission cannot be held responsible for any use which may be
made of the information contained therein.



Co-funded by
the European Union

g:::::g] 2021-1-FR01-KA220-SCH-000031617

e I R S
1 151 1 1

i et € i e
Crot C1 G Cn-1 Cn

lMukvwrég oe osipd

Edv €xete povo dUO TTUKVWTEG O€ OEIpd, NTTOPEITE VA XPNOIKOTTOINCETE TN HEBODO "TTPOoIdV
TAvw atrd GBpoIoua" yia va UTTOAOYIOETE T CUVOAIKA XwpnTIKOTNTA:
c-. = C1C2
Tot Cl + C2
lpoiov-a6poioua
Mnyaivovtag auTiv TNV e€icwon akOun TTapatrépa, av £xeTe OUO iong agiag TTUKVWTEG O€
o€Ipd, N CUVOANIKA XwWPNTIKOTNTA €ival TO AMIOU TNG TIMAG Toug. TMa TTapddeiypa, duo
uTTEPTTUKVWTEG 10F o€ oeipd Ba TTapdyouv GUVOAIKA xwpenTikoTnTa 5F (Ba €xel e1miong 10

TTAEOVEKTNUA TOU BITTAQCIACHOU TNG OVOMOOTIKAS TACONG TOU GUVOAIKOU TTUKVWTH, atrd
2,5V og HV).

6. Mapadeiypara Eappoywyv

YTrapyxouv TOVOI £QAPUOYWYV Yyia AUTO TO UTTEPOXO MIKPO (OTnv TTPAYMATIKOTNTA €ival
ouvnRBwWG apkeTd PeyaAo) TTaBNTIKG oToIxEio. MNa va oag dWooUPE pIa 16€a yia TO gupu
QPACHA TWV XPACEWY TOUG, aKOAOUBOUV PEPIKA TTapadeiyuaTa:

6.1 NMukvwTég atroouvdeong (Bypass).

MoAAoi atrd Toug TTUKVWTEG TTOU BAETTETE OTA KUKAWPATA, EI0IKA €KEVOI TTOU dloBETouV
OAOKANPWPEVO KUKAWHA, atToouvdEéovTal. H douAeld evog TTUKVWTH atToouvdEeong eival va
KataoTéAAEl Tov B6pufo uwnAig ouxvétnTag ota oAuaTa TPoPodooiag. A@aipouv
MIKPOOKOTTIKOUG KUMATIOPOUG TAONG, Ol OTToiol dia@opeTikd Ba uptropoucav va gival
empBAaBeig yia Ta euaioBbnta IC, eKTOG TpOoPodoTiag Taong.

Katd K&1To10 TPOTTO, Ol TTUKVWTEG ATTOoUVOEONG ASITOUPYOUV WG éva TTOAU PIKPO, TOTTIKO
TPOo@OodOTIKO Yia Ta IC (OTTwg piIa adIGAEITTTN TTAPOXT PEUPATOG OTOUG UTTOAOYIOTEG). Edv
TO TPOPOBOTIKO TTECEI TTOAU TTPOCWPIVA TNV TACN TOU (KATI TTOU €ival apKETG ouvnBIouévo,
€10IKA 6Tav TO0 KUKAWHa Tpo@odoTeitTal aAAAlel CUVEXWG TIG ATTAITHOEIS QOPTIOU TOU), €vag
TTUKVWTAG aTTooUVOEONG UTTOPEI yIa Aiyo va TTapéxel I0XU 0Th cwaTr Tdon. AuTtdg gival o
AGYOG yia TOV OTTOI0 AUTOI Ol TTUKVWTEG OVOPAZoVTal £TTIONG KATTAKIO TTOPAKOUYNG,
MTTOPOUV TTPOCWPIVA va AEITOUPYAOOUV WG TINYR EVEPYEIDG, TTAPAKAUTITOVTAG TO
TPOPODBOTIKO.

O1 TTUKVWTEG atrooUvdeang ouvdEouv TNV TTNyr peupatog (5V, 3,3V, K.ATT.) Kal Tn yeiwon.
Eivar olvnBeg va xpnoiyoTtroigite U0 1 TTEPICOOTEPOUG TTUKVWTEG DIAPOPETIKAG agiag,
QKON Kal SIaQOPETIKWY TUTTWY VIO VA TTAPAKAUWETE TNV TTAPOX PEUMATOG, ETTEION
OPIOPEVEG TIMEG TTUKVWTWYV Ba gival KaAUTEPEG aTTd AAAEG OTO QIATPAPIOUA OPICHEVWV
OuxVOTTWYV Bopufou.
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2g auTo To OXNUATIKO, TPEIS TTUKVWTES ATTOOUVOEaNS XPNoioTTolouvTal yid T psiwon Tou 6opuBou
oTnv mapoxn 1aong evog EMITAXUVOIONETPouU. Auo kepauikd 0,1uF kai éva nAeKTPOAUTIKO TavrdAio
10uF xwpI1oTéC AgsiTOUpPYieS amoauvdeong.

Av kai @aiveTal 6T autd PTToPE va dnuioupynoel BPaxuUKUKAwHa atrd Tnyv Tpoeodoacia oTo
£€00@0o¢g, uovo oAPaTa UWnARg ouxvotnNTag PTTOPOoUV va TTEPACOUV JECW TOU TTUKVWTH
TTPoG 10 £€0aPog. To orfjpa DC Ba 1aéel oT1o IC, OTTWG akpIBwg BéAeTe. 'Evag dANog Adyog
TTOU OVOUAZoVTal TTUKVWTEG TTOPAKAUWNGS €ival OTI oI UPNAEG oUXVOTNTEG (OTNV TTEPIOXN
kHz-MHz) rapakautrtouv 10 IC, avTi va mepvoulv Yéoa atmod ToV TTUKVWTH yida va @TACOoUV

oT0 £00QOG.

Katd Tnv @uoIKf TOTTO8£TNON TTUKVWTWY aTToouvOeong, Ba TTpétmel TTavTa va BpiokovTal
600 10 duvaTov TTIo KOVTa o€ éva IC. Ooo TTI0 JakpIA gival, TOGO AIyOTEPO ATTOTEAECHATIKA

Oa cival.

AkoAouBsi n diaragn Tou UOIKOU KUKAWUATOS ATTO TO TAPATTAVW CXNHATIKO. TO UIKPOOKOTTIKO,
paupo IC mepiBdAAstal amé duo mukvwrég 0,1 uF (Ta kapé Kamdkia) kai Evav NAEKTPOAUTIKO TTUKVWTI)
ravraldiou 10 uF (to wnAo, paupo/ykpi oploywvio KATTAKi).

MNa va akoAouBAoEeTe TNV KOAN TTPAKTIKA PUNXAVIKAG, va TTPOOBETETE TTAVTA TOUAXIOTOV
évav TTUKVWTH atroouvdeong o€ kaBe IC. ZuvnBwg, 10 0,1 YF gival pia kaAn emAoyn A
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aKOuN kal va TpooBéoeTe kKatrdkia 1 uF 4 10 yF. Eival pia ¢Bnvr TpooBrkn kai fonbouv
va BeBaiwBeite 611 TO TOIT deV UTTOKEITAI O€ PEYAAEG BuBioelg i aixpég oTnv TAoN.

6.2 QIATpdpIoua TPOPOSOTIKOU

O1 avopBwTég d1Gd0oU PTTOPOUV vVa XpnoiyoTroinBouyv yia va petatpéwouv TV Tdon AC TTou
Byaiver amd 1OV TOiIXO OOC OTnNV TAON OUVEXOUC PEUMATOG TTOU QTTQITEITAl ATTO TG
TEPIOTOTEPA NAEKTPOVIKA. Ouwg ol diodol atrd péveg Toug OeV UTTOPOUV VA UETATPEWOUV
éva oAua AC og kaBapod ofpa DC, xpeidlovtal Tn BorBeia TTUKvwTwv! Me Tnv TTpocBnikn
evog TTapdAAnAou TTUKVWTH o€ évav avopBbwTr yépupag, éva dlopBwuévo onua OTTwg
M

D

auTo:

Aiopbwpévo anua

o 4

Mrtropei va petatpaTrei oe orjua DC oxedov eITTEdOU WG €ENG:

Zrjua DC oxed0v emimédou

O1 TTukvwTéG givar etTigjova e€aptiuaTta Ba TTpooTrabolv TTAvTa va avtiotabouv o€
Eapvikég aAlhayég Taong. O TTUKVWTAG Tou @iATpou Ba @opTifeTal KaBwg aufdvertal n
avopBwuévn taorn. Otav n avopbwuévn TAON TTOU EPXETAI OTO KATTAKI GPXIOEl VO PEIVETAI
YPAYopa, o TTUKVWTAG Ba éxel TTpdoacn oTnv atmoBnKeupévn evEPyEIa Kal Ba EKQOPTIOTEI
TTOAU apyd, TTapéxovTag evépyeia oTo @opTio. O TTUKVWTAG OeV TTPETTEI VA ATTOQPOPTIOTET
TTAAPWG TTPIV apxioel va augdveTtal Eava 1o dlopBwpévo oApa e106dou, ETTavapopTi(ovTag
TO KATTAKI. AUTOG 0 X0pOG TTaieTal TTOANEG POPEG TO BEUTEPOAETTTO, Eavd Kal Eava 600 TO
TPOPODOTIKO gival o€ XpAHON.
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‘Eva kukAwpa rpogpodoaiag AC-to-DC. To kamdki @iAtpou (C1) givar kpioiuo yia tnv e§oudAuvaon Tou
onfuarog DC mou amoatéAAsTal oTo KUKAwUA @opTiou.

Edv okioete otroiodntrote TpopodoTikd AC-to-DC, cival BEBaio 611 Ba Bpeite TOUAGIOTOV
évav peydAo TTUkvwTh. Mapakdtw eivalr Ta KOTOIa £vOog TTpocapuoyéa Toixou 9V DC.
Mapatnpeite KATTOIOUG TTUKVWTEG EKEN HEOQ;

Avramrropag roixou 9V DC
MTTopEi va UTTApYOUV TTEPICTOTEPOI TTUKVWTEG atmd 0o vouilete! YTrdpyxouv Téooepa
NAEKTPOAUTIKA KATTAKIA PE OYN KOOOIiTEPOU TToU KupaivovTal atrd 47uF éwg 1000uF. To
MEyGAo, KiTpivo opBoywvio oTo TpwTo TAGvo €ival éva  KOTTékl  PeRBPAvNg
TTOAUTTPOTTUAEVIOU uywnAng Tadong 0,1 uF. To PTTAE KATTAKI o€ OXrua dioKoU Kal TO WIKPO
TTPACIVO TN €O gival Kal Ta U0 KEPAUIKA.

6.3 AmroOnkeuon kai MNpounBsia Evépyeiag

Qaivetal TpoPaveg OTI €dv €vag TTUKVWTAG atroBnkelel evéEPyela, Wia atrd TIG TTOAAEG
£QapPUOYEG TOu Ba ATav n TTapox AuTAG TNG evEPYEIAs 0€ éva KUKAWMPA, akpIBWGS OTTWG
Mo ptraTapia. To TPoORAnua gival OTI O TTUKVWTEG £XOUV TTOAU XOUNAOGTEPN EVEPYEIQKN
TTUKVOTNTA OTTO TIG PTTATAPIEG. ATTAWG OEV UTTOPOUV VO CUOKEUAOOUV TOON evépyeia 000
MIa XNUIKA ptTaTapia idlou pey€Boug (aAAG auTd To xdoua peiwvetall).

To TTAEOVEKTNHA TWV TTUKVWTWYV gival 0Tl ouviABwg £xouv peyaAuTepn didpkela whg atmo
TIG YTTATOPIEG, YEYOVOG TTOU TOUG KaBIoTé KAAUTEPN €TTIAOYR aTTO TTEPIBAAAOVTIKI GTTOWN.
Eivai etTiong ikava va atrodidouv evépyEla TTOAU TTIO YPAYOPa ATTO JIa JTTaTapia, YEYOVOS
TTOU T KABIOTA KATAAANAQ yIa €QapUOYEG TTOU XPEIGdovTal GUVTOMN, OAAG uwnAf pITn
10xU006. ‘Eva pAag kdpepag ptropei va AauBdvel Tnv 10XU Tou atrd évav TTUKVWTH (0 0TT0i0G,
ME TN OEIPA TOU, POPTIOTNKE ATTO PIA PTTATOPIA).

Mtrarapia i} TTUKVWTAG;

MmaTtapia TMukvwTAg

XwpntikéTNTA v
Evepyelakn MukvotnTa v
MNooooTo
POPTIONG/EKPOPTIONG
Alapkeia CwAGg
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6.4 QIATpdpIoUA CAMATOG

O1 TTUKVWTEG £Xouv JOVADIKN aTTOKPIon 0€ CAUATA BIAQOPETIKWY CUXVOTATWY. MTTopouv
Vo WTTAOKAPOUV €€apTAPATA OUATOG XAMNAAS ouxvoeTNTaG | ouveXOUG PEUPATOC, EVW
emTpéTTouv Tn SiEAeuan uywnAoTEpWY cUXVOTATWY. Molddouv e WEeUTIKOUG OE €va TTOAU
QATTOKAEIOTIKG KAQUTT HOVO yIa UYnAEG OUXVOTNTEG.

To @IATpApIoUa TwV oNUATWY PTTOPEI va eival XproIdo og OAa Ta €idn TwV £QAPUOYWV
emmegepyaciag onuatog. O1 padlo@WVIKOi OEKTEG eVOEXETAI vaA XPNOIUOTTOIOUV évav
TTUKVWTA (METAEU AAAwV €€apTnNUdTWY) YIa va guvToviouv TIG aVETTIBUUNTEG CUXVOTNTEG.

‘Eva GAAo TTapdadeiypa QIATPOPIoUATOS CANATOG TTUKVWTH Eival Ta KUKAWUATA TTaONTIKAG
dlaoTaupwong HEoA aTa nxeia, Ta otroia dlaxwpidouv Eva POVo NXNTIKO OAMA 0€ TTOAAG.
‘Evag TTUKVWTAG OeIpdg Ba PTTAOKAPE! TIG XAUNAEG OUXVOTNTEG, £TOI WOTE TA UTTOAOITTA
MépN TOU OAUATOG UWNARG ouxvoTNTOG VO ITTOPOUV va TTdve oTo tweeter Tou nxeiou. 210
KUKAwHa B1EAeuong, uttoyouPep XAPNAAG ouxvoTnTag, ol UYPNAEG OUXVOTNTEG UTTOPOUV
KUPIWG va PETaPePOOUY 0TN YEiWwoN HECW TOU TTAOPAAANAOU TTUKVWTH.
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AuTO gival éva oAU amAd mapddelypa KUKAwpArog crossover rjxou. O TTUKvwTI¢ amokAgiel Tig
XAUNAES TUXVOTNTES, EVW O EMAywy£Eag AmOKAgigl TIS uwnAég ouxvornres. Kabe éva umopei va
Xxpnoigotoin6si yia Tnv rapoxn Tou KatdAAnAou ouarog os ouvroviguéva mpoypauuara odnynong
nxou.
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7 Zuptrépaca

NiwBeig oav €I0IKOG OTOUG TTUKVWTEG;! @EAETE va OuveXioETE va PaBaiveTe TTEPICCOTEPO
yla TIG BaoIKEG apxEéG Twv nAekTpovikwy; Edv dev 10 €xete Kkdvel AdN, efetdoTe TO
EVOEXONEVO VA BIARACETE OXETIKA PE PEPIKA ATTO TA AAAA KOIVA NAEKTPOVIKA £EQPTAMATA:

* AvmioTaoeig
* Aiodol
e AIGKOTITEG
* OAokANpwuéva KUKAWPATO
*  TpavgioTop
H ké&trola amrdé autd Ta yadnuarta Ba Tpariéouv TNV TTPOCOXH 0Ag;
*  Texvohoyieg MmTaTapiwv
*  [lwg va TPoPodOTHCETE £va £pYO
*  HAekTpIKA evEpyela
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