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KEDPAAAIO 25

PEYMA, ANTI2TA2H
KAl HAEKTPEIEPTIKH AYNAMH
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25.1 Av dev vmhpyel nNAekTpIKO TEdio
puéca 6Tov aymyod, To NAEKTPOVIO Kiveiton
Toxoia oo to onpeio Py 6o onpeio P,
o€ xpovo At. Av vtapyel NAEKTPIKO TEdI0
E, n nhextpkn ovvaun F = gE emPaiiet
pa kpn odicOnon (oto oynua eaivetot
VIEPPOAIKA LEYAAN) TOV QEPVEL TO NAE-
KTPOV10 610 onueio P’, o€ amdotaon
04At and 1o P, katd TV katevlovvon

™G dvvaung.

H kivnon avt) nepryphoeton pe v
TaOLTNTA OAiGON OGNS v, TOV COUATISIOV.
To teMkd amotédecpa elval va VITAPYEL
LOKPOGKOTIKO PEVLLO. GTOV OyMYO.

[ ZeNibeg 894-895 |

PEYMA
H kKatebOuvon ponrg Tou PEVLHATOC

Aywyog yopig eontepikd medio E

(Fpoxld niektpoviov ympic wedio E.
To niektpdvio Kiveital Toyaio.
: " Tpoyid nhektpoviov
ue niektpikd medio E.
H «ivnon eivot kupiog
Toy0d0, OAG. ..

~

* .. tomnedio E odnyetl og o

\OMKﬂ UETOTOMION KOTé PiKOG TOV m’)puarogj

Aywyog pe sowtepikd nedio E

e 5|

F = qgE
To nhektpdvio &xel apvnTikd Poptio g, omdte
1 dvvaun mov opeiietal oto wedio E givar
otV avtifetn katevbouvon tov E.

=

25.2 To 1010 pevpa mapdyetot (a) omod Oe-
TIKG QopTia Kivovpeve otnv katevhlvvon
oV NAeKTPKoV Tediov E, 1 (b) amod tov
1010 apOUd apVNTIKOV QOPTimV, KIVOULLE-
vov pe TV 101a toyvTnTa g avtifetn Ko-
tev0vven and avtiyv tov E.

(a)

7\

[ D
- >
& vy Uy %d E

@ =, ®->vd

@—" va @
N & y

To copPaTikd peopa sEetaleton mg pon
Oetikdv Qoptinv, aveéaptnta amd To av To
KIVOOUEVO POPTiO 6TOV 0ymYd gival uovo
Oetikd, povo apvnrtikd M Kot owd to 600 £iom.

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX

y

e évav unghKo' ay®yo o Kvovpevo optia
gival nAektpévia — mop’ OAQ QUTE TO PEVLLOL KOl
TaAL £xEL TN QOPA KOTA TNV oToin Ba KivovvTay
Ta OeTikd popria.



PeOpa, tax0tnTa oAiocBnong Ko TtuKVOTNTa PEVHOTOG

25.3 To pedua I givar o puOudg petapopdc
TOL POPTIOV OLAUEGOV TNG EMPAVELNG
dwatopng 4. H péomn tyun g toyaiog
oVVIOTM®GOG Kivnong kabe Kivoduevov
QOPTIGUEVOL cmuUaTIdioN elval Undév.

To pedpa £xel v 1dwa eopd pe 1o E ave-
EGPTNTO OTO TO ALV TO. KIVOVUEVA QOPTIN
etvar Btk (OTog paivetal £dM) 1 apvn-
TiKd (Oeite Xy. 25.2b).

[ ZeNibeg 895-896 ]

d
I = 7? (op1opdg 10V PELHLATOG) (25:1]

PvOudc e Tov omoio péetl poptio péca amd TV EMPAVELL

........

Pebpa péco amd e, dQ N Toyvtnto odicOnong
KOO0l EMPAVELDL = E = p|q ‘UdA“". Eppodov Statophc (25.2]

LE
>y

2VYKEVIPMOT KIVOOLEVDV **
QOPTICUEVOV COUATIOIOV

e QopTio GOUOTIOOD

1
J = i = n’q‘vd (mokvoTnTa pEOUATOC) (25.3)
AWOVUGHOTIKT TUKVOTNTA =oeveyy o = TayvTnTo oAicOnong
o i J = nquy (25.4)

; . el E { {
2VYKEVIPWOT] KIVOOUEVAV =+ Doptio copatdion
QOPTICUEVOV GOUATIOIMV

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX



EIAIKH ANTIZTAZH

OpiCovpe Vv €101K1] avVTioTAGT] p EVOS VAIKOD MG

o METpo Tov NhekTpiov nediov
Ewwn avrictaon .., £ 070 LAIKO (25.5)
€VOG LMKOD P J € Métpo g mukvotnTag pELUATOG '

oL ONovPYEl T0 NAEKTPIKO TESIO

MINAKAZX 25.1 1 Eldikéc Avtiotdoelg og Oeppokpacia Awpatiov (20 °C)

Yhko p(Q-m) Yhko p(Q-m)
Ayoyoi Hpmoyoyoi
Métaila  Apyvpog 1,47 X 1078 KaBapdg dvOparxac 3,5 X 107
(ypapitng)
Xalkog 1,72 X 1078 KaBapd yepudvio 0,60
Xpoooc 2,44 x 1078 KaBapd mopitio 2300
Alovpivio 2,75 X 1078 Movotég
BoAgpdjuo 595 ¥ 16° Keypiumapt (rextpov) 5 % 10
XaivBag 20 X 1078 I'voi s
MérvBdog 22 X 1078 Aovaitng =0
Y Spapyvpog 95 X 1078 Mika {162
Kpdupota  Mayyavivn (Cu 84 %, Mn 12 %, Ni 4 %) 44 X 1078 Xoraliog (Mouévog) 75 X 1016
Kovotavtavn (Cu 60 %, Ni 40 %) 49 X 1078 O¢ciov (Be1dor) 1015
Xpopovikehivn 100 X 1078 Tephov >10!3
EvLo 110"

[ ZeAideg 897-898 ] copyright @ 2020 EKAOZEIZ MAMAZHZH - H. KATXOY®DHE



25.6 Metafoln tng €10Kng avtictoong p
oLVOPTNGEL TNG ATOAVTNG (BEprodvVaLLL-
KNg) Bepurokpaciog 7 yia (a) Kavovikd pé-
taAA0, (b) nuaymyo, kat (¢) vrepaymyo.
210 (a) M| YPOUUIKT) TPOGEYYIOT TOV p
ovvaptnoel ¢ Bepuokpaciog 7 @aivetor
0TO GYNUO LE TPACIYN YPOUUN 1| TPOGEY-
yion BplokeTot o€ AmOALTN GOUTTOGCT
ywo T'= T, OTov p = py.

(a)

E10IKN avtiotaon Kol 0eppokpacia

p Métaldro: H g1kt avrtiotaon
avédvetor pe v avénomn g
Bepuokpaciog.

(b)

p

Hpwoyoyoc: H edum
avTioToon EMUTTOVETOL
pe v avénon

¢ Bepuoxpacioc.

Q
4®
3

(c)

Ye wkpn| meproyn Oepuoxpaciov (uéxpt 100 °C mepimov), n €101K ovTioTACT] EVOC
UETAALOL pmopel TPooEYYIoTIKA Vo, TapacTadel amd T oyéon

E&aptnon Ty Ewwh owncswcm o€ nguOKp(xcux Tanmmrmrmmaree OepUIKOG CLVTELEGTNG
ELOKNG avTioTOoNG

E0IKNG avTicTAONG
and ™ Osppokpacia:

[ ZeAideg 899-900 ]

( = Po[l + a(T To)]

(25.6)

E1dum owncswcm otn Oepuoxpocio avapopags 75

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX

p

Yrepaymyog: ' Oep-
pokpaoieg kdtm onod 1,
1N €101kN aviiotoon
etvar unoév.




AvTtiotaon

['a évav aymyd, o omoiog £xel €101KN avTioTOon p, N TLKVOTNTO PEVUATOC J
o€ KOO0 oMueio 610 0moio To NAeKTPKO edio eivar E olvetarl amd tnv EE.
(25.5), n omoia pumopel va ypaget mg

E = pJ (25.7) : ; ) y p .
P To mmAixo V mwpog I yio évav GLYKEKPLUEVO ay®Yd KoAElTAl AvTIGTAGT TOV R:
V
25.7 Aymydg pe opotOLOp®T) S10ITOWUT). R =— (25.9)
H nmoxvotnta pedpotog eival opotopopen 1
TAvV® o€ KaBe drotour) Ko To NAEKTPIKO P VL< E1dikn avtiotoon Tov YAKOD TOL oy®yoD
’ ’ ’ r TIOTOON T EEEsneay T
nedio elvat to 1610 (cT0bepd) N = R = | MF{KoC TOU ay@yod (25.10)
5 5 ’ 4oy,
KOTO (KOG TOV Oy®YOW. A Eupaddv datounc tov aymyon
Xoaunidtepo
To pedpa pést and to Svvakod >vvnbwg N mapaxkdto eEicmon Aéyetat vopog tov Ohm:
VYNAOTEPO TTPOC TO YOUUT- ; g T : ;
e TR BT, thecn petalo Taomng, . o Taom oTa GKkpa Tov aywyod
PEVHATOC KL OVTIOTOOTC: V = IR*" Avtictaon tov aywyod (25,11}
Yymiotepo : - Pedpoa tov aywyov
duvapKo g ey

Evtovtolg, eivol onuavtikd va kotavondel mwg n mpayuotikn onuacio Tov
vopov tov Ohm eivan 6t (Yo peptkd vAKA) To V etval evBémg avdioyo Tov

V= dwpopd I xonto Jtov E. H EE. (25.9) 1 EE. (25.11) opiler Tnv avtiotaon R yia kO
/ GUVOLIKOD ay®yo, oALE pévo av 1o R gival otadepd givor cwotd va modue 0Tl aLTA M

£ToED TV AKPpOV , , ,
heTas 3 oyéon givar o vouoc tov Ohm.

[ ZeAida 901 | copyright @ 2020 EKAOZEIZ MAMAZHSH - H. KATIOY®HE



ZUHBOAICHOI — MoVvAdEeG avtioTaon(

25.9 Avtdg 0 avtiotdtng £xEl avticToon
5,7 kQ pe a axpipfera (avoyn) =10 %.

Agbvtepo ynoio  I[oAhamlooaotig
Avoyn

[TpdTo ynoio

Xpwpatikég Kwdikag yla
MINAKAS 25.3 | Avtiotéteg

TN Ty
Xpopa Yneiov IMorroamhacrooti
Matpo 0 1
Kagé 1 10
Kékkwvo 2 10°
[ToptoxaAi 9 103
Kitpwo 4 104
[IpGowvo 5 107
Mrnhe 6 10°
Bioieti 7 107
(nof, 1hdeq)
T'kpt 8 108
Agvko g 10°

H povada tg avtictaong oto Sl eivan 0 ohm (op) (€2), ico pe éva volt
ava ampere (1 Q =1 V/A). Xe kown| xpnon eivar eniong 1o kilohm (Kihodp)
(1 kQ = 10° Q) kot to megohm (neyyop) (1 MQ = 10° Q).

Ene1on n €101k aviictoon evog vakovy petafdiietar pe t Oeppoxpa-
oia, N avtioTaon evog GUYKEKPILEVOL aywyoD uetofaiAietol eniong Le )
Bepuokpacia. ['a meproyég Beprokpacidv mov dev eivol TOAD LeYAAES, OVTT
N petaPoln| eivar kotd mpocEyyion Yok, avdioyn e v EE. (25.6):

R(T) = Ry[1 + (T — Tp) ] (25.12)

[ Zehida 902 ] copyright @ 2020 EKAOZEIZ MAMAZHSH - H. KATIOY®HE



AVTIOTATEC

‘Eva otoryeio xukhduatog, to omoio £yetl kabopiopévn Tiun avtictaong,
KaAeital avTieTdTnG (| O MK avTicTOoN 1) KOl AVTiCTACT)).

25.10 Zyéon pevpatoc-téiomng Yo 0o (a) (b)
data&els. Mévo otV epintmon avTi-
GTATN TOV VTOKOVEL GTOV VOO Tov Ohm Quikog avTieTaTng (1. TVTIKS LETAAAKS cOpua):  Al0d0g NUIEY®Y0V: £VAS U1 OUIKOS

OmOG 6TV TEpinTwon (a) To pedpa 1 X 88§0pévn Oepuokpacio, To pedua eivar avdAoyo  avTieTATNG
stvat avéAoyo mpog TV téon V. e MRS I I
OeTikn eopd
., 1 PEVUOTOC KoL TAOTC.
_IKAlon =5 To pevpa avédveton
HN YPOLUIKG e TNV
Thon.
Vv 1%
0 O

Apvntikh gopa
PELHOLTOG KO TAONG,
pOT WKPOV PELUATOG,.

[ ZeAida 902 ] copyright @ 2020 EKAOZEIZ MAMAZHSH - H. KATIOY®HE 10



HAEKTPEIMEPTIKH AYNAMH KAI KYKAQMATA

25.11 Av dnovpynBei nhextpikd medio
0TO E0MTEPIKO Ay®YOV, 0 0TOI0C deV glvat
TN O TAPOVS KUKAMDUOTOS, TO PEVLLOL
PEEL GTOV AYMYO Y10 TOAD PKPO YPOVIKO
dgoTnpaL.
(@) Hiextpko medio E | mov dnpovpysiton
UEGO GE OTOUOVOUEVO aywy(') TpoKaAel ped .

Elé I
—> —

(b) To pedpo mpokaiei cuocdpevon
Qoptimv oTo GKPaL.

-> €E;, 5 |+
J¥= =—>E .- +

To cvoompevpévo poptio dnuidvpyet
éva avtitiBéuevo nedio E,, kot €161
LELDVETOL TO PEVLLOL.

(c) Metd amd mohvd pikpd ypdvo to E, éyel
v 1w T pe to E |- tote 10 0Mkd medio
E, . = 0wt to pedpa otapotd teleimd.

+++++

[ ZeAideg 904-905 ]

25.12 Onwg okpiPdg 6T0 ovTpavi amot-
teiton po avtiio, Evo NAEKTPIKO KOKAMLLOL
amottel po TNyn NAEKTPEYEPTIKNG dVVa-
UngG yia vo, St pnoest 6tadepo to pedLo.

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX

25.13 ZymuoTiko StiypOoLiLo oG TNYnG
HEA o¢ éva «ovorytd KOKAmuo.
daivovral 1 SOvaun Tov NAEKTPIKOD TTE-
dtov F, = gFE xo1m Un NAEKTPOCTATIKY
dvvaun F, mov ackobvtal o€ £va BeTicd
ooptio g.

[oavikn AKPOOEKTNG

nnyr\'] ﬂ / VYNAOTEPOL SVVOLIKOD

\% @a

Mn NAeKTPOGTATIKN
--------- dvvaun mov teivel
Fx" VO, KIVI|GEL TO QOPTio
TPOG VYNAOTEPO
Suvopkd

.., Avvoun mov ogeileton
670 NAeKTPIKS TESTO

N

AKPOSEKTNG YOUNAOTEPOV
SUVOLIKOV

Otav n myn HEA dgv givan pépoc kKAE16TO0
KUKAMUOTOS GAAG avoyTov, téte F, = F, kot
dev VIApYEL CLVOAKTY Kiviion eoptiov peTa&hd
TOV 0KPOOEKTAOV.

11



HAEKTPEIMEPTIKH AYNAMH KAI KYKAQMATA

25.14 ZymUotiko S1aypopLor Hog WaVIKNG
mnyns HEA og minpeg (kKAe1610) KOKA®UA.
H dYvaun tov niektpikov nediov F, = gE
Kot 1 un nhektpootatikn dvvaun F; dei-
xvovtal yio 0etiko poptio g. To pedpa
£xel opd amod To a mpog 10 b 610 e&mTeE-
PIKSO KOKA®UO Kot oo T0 b TPOG 10 a

0TO £6MTEPIKO TNG TNYNG.

To dvuvoptkd petald TV aKpodEKTOV
dnpovpyel nhektpiko medio 6to
KOKA®UO, KAVOVTOG TO popTia Vo,
KwoovvTaL. ;

§
[Savikh) Tyn ., ——>
HEA
\ E
V., a
F,
FC
o“w
V= :.: b
d
%

Otov o Tpoaypatikn (avei yo puo
wavikn) Tnyn HEA cuvdebei e éva
KoK opa, 0 V,;, kot £Tot ko F,
pewwvovra, apa F, > F o xon F,
extelel £pyo enl TV eopTiwv.

Ecwtepun avtictaon

25.15 H HEA pog pratopiog —onAadn n
TOMKT Téon dtav dev glval Guvoedepévn
pe otdnmote— eivan 12 V. Opwmg, emetdn n
pratopio £xel e6MTEPIKT aviioTaon, N
TOAKT TNG TGO givor pikpdtepn and 12 V
otav mopéyel pedpa e o AGuma.

IMoAw) TGon, ---...,mHEA Tﬂf myng i Pedua 16 g mnyng
myf pe ecotep YV, =" — [r " Ecotepiy aviictaon (25.15)
avtictaon
4 EVUO Y10 TTNYT WE
E—lp=iR f§ [=——— ‘PECHCYIGRI[ (25.16)
R+ r E0MTEPIKT OVTIGTOON)

[ ZeAideg 904-905 ] copyright @ 2020 EKAOZEIX MAMAZHSH - H. KATZOY®HS
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HAEKTPEIMEPTIKH AYNAMH KAI KYKAQMATA

MINAKAZ 25.4] Toppola Ixnpatikwv Ataypappdtwv Kuk Awpdtwv Metafolég duvaptkod Kot KOs KUKAMUATOS
Aywyog pe apeAntéo avtictaon 25.20 AvENGELS KO LLELMGELS OVVOAULKOD
R o€ £VoL KOKAMLAL.
ANV AvTi6TaTNG a -
+|e€ I[Inyn HEA (mévtote n pakpvtepn ypauun tng nyng cvuPforilet
ToV 0£TIKO aKpOdEKT, GLVHDMG 0 AKPOSEKTNG LE TO VYNAHTEPO
| . 0eTIKS 8¢ 10 8¢ A
SVVOUIKO) 2A 2A
Eyl+ |+
W , - , T —
I[Inyn HEA pe ecotepikn avtictaon r (to r pmopei va I8V 20 2A 4Q

tomobetnel pe onoladnmoTe TAELPE)

/V\ BoAtopetpo (petpd tn d10@opd dvvaputkod HeTad Tmv SV
A4 OKPOOEKTMV TOV)
@ AumepdueTpo (LETPA TO PEVILO, TOL TO OLALPPEEL)

0

[ ZeAibeg 908, 910 ] copyright @ 2020 EKAOZEIZ MAMAZHZH - H. KATXOY®DHE 13



ENEPI'EIA KAI IZXYZ 2E HAEKTPIKA KYKAQMATA

25.21 H 1oy0¢ 16060V 610 oTOLYELD

KUKAOUATOG LeTaEy TV a ko b gival
P=(V, — ) = Vpl

Va Yo
2toyelo
7 KUKAMUATOG 7
> ==>
a b

[ ZeAibeg 911-912 ]

Ioybg mov mapéyeran o Taon katd unkog
oto 1 eEayetan amd =P P = Vc'lb Iy, TOV OTOLYEIOV KUKADUOTOG (25.171
OTOLYEL0 KUKAMUOTOS * Pedua 010 oTor(eio KUKAMUOTOC

[oy0¢ 16000V GE MUIKN AVTIGTAOT

Taomn Katd unkog tov owncsrgm

...... )V

Iey0g mov mapéyeTan -, i

4
— — 72p —
GE OVTIOTATY — Vablkj,,l RK_ i

Pevua otov avtiotdtn Avtictaon Tov aviiotdTn

(25.18)

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX 14



ENEPIEIA KAI IZXYZ ZE HAEKTPIKA KYKAQMATA

[oyvg €€600L ag Tyng

25.22 Metotponn evépyelag o€ £va, a0
KOKAOUO.

(@) Aldypappo KOKAOUOTOG

e H mnyn HEA petatpénel un niektpikn
o€ NAeKTPIKN evépyeta pe puouod ENL

* H eomtepucn| ¢ avtiotaomn Katovo-
Moket evépyeto pue podud I%r.

e H dwgopd EI — I*r ivon 1 100G 650V TG,

Er
E

D =@, O
a L b

7 IInyn HEA pe /
E0MTEPIKN avtioTaon r

(i

@ Eémtepko @:y

= KOK AU B

[ ZeAibeg 912-913 ]

(b) paypotikd KOKA®UA TOV TOTOL TOLV
eatvetal 610 (a)

Mmnotapio /;

-

davapt avtokvitov

Ymobéote 6T1 10 KdT® 0pHoydVio Tov Xy. 25.22a givar
Kot ovTo YN, pe HEA ueyalvtepn amd avtyv g ave
myNg ko avtifetn amd oty g ave tnyne. To Xy.
25.23 deiyvel £va TPOyUATIKO TOPAOELY IO, L0 UTOTO-
pio avtoKVITOL (TO0 v GTOLYEID KUKADUATOS) TOL
eoptiletar amd tov gvorlaxtipa (10 Kdtw otoryeio
KUKADUOTOG) Tov €ivor poe nyn €VOAAAGGOUEVOD
pevpatoc. To pedua 6to KOKA®UO givorl TOTE avrifeto
and ovtd oL oivetol 610 Xy. 25.22° 1 Kdt® 7Ty
OTPWOYVEL PEOLA OVTIOETO STUUEGOV TG AVM TTNYTG.

copyright @ 2020 EKAOZEIX MAMAZHZH - H. KATXOY®HX

Ioy0¢ 16600V o€ o Ty

25.23 Otav 800 nnyég eivor cvvoede-
uévec og £va anmid KOKAoua evog Bpoyov,
n yn pe ) peyarvtepn HEA mapéyet

gvépyelo 6TV GAAN TNYT.
+ —
a b
[ 7 L
Mmrazapio
f (uipiy HEA)

Evolloktipag
(neyain HEA)

P=V,l=E+ Pr (25.20)

"Epyo exteleiton exi tov, avti axo tov, mapdyovio Tov

TPoKaAel TN PN NAEKTPOCTATIKN dSVVOUN GTNV Ave TTnyN.
Ymapyet por LETOTPOTN NAEKTPIKNG EVEPYELONG GE UM
NAEKTPIKY EVEPYELX GTIV AV TTNYN pe puouo &L
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OEQPIA THZ ATQI'IMOTHTAZ 2TA METAAAA

25.26 Toyaieg kivioelg niektpovimv
néoa o€ LETOAALKO KPOGTAALO (3) pe
undevikd niektpikd medio, kot (b) pe
NAeKTPIKO TEdiIO TOL TPpOoKaAel oAicONON.
Ol KAUTVADGELS TOV TPOY LDV EXOVV
oyeolnotel vTEPPoAKA LEYOAEC.

(@) Zoykpovon pe 10v
TOV KPLGTAALOV A
| >
>
Xwpig nhektpikd
nedio: Toyaio
\' Ki\/n on
w

(b)

\'4

TEAOX
APXH E
Me nedio E toyoia

|

4 4 I
kivnon ovv oAicOnon |
|

.-.,... s |

|

LTINS

AS

Kafop1| petatonion

[ ZeNibeg 916-917 ]

25.27 H xivnon pog umdAac, mov Kuiie-
TOL TPOC TA KATM G€ KEKAIUEVO ETIMESO
KOl GUYKPOVETAL KOTE TN Stodpopn TG
LE TOGGALOVG, Elval avaAloyn TPog TNV
Kivnomn evog NAEKTPOVIOL GE PLETOAMKO
ay®YO TOPOVGia NAEKTPIKOD TEdTOV.

(25.21) (opioudg e0IKNG avTioTOoNG)
J = nquy (25.22) (mokvotnto pedRATOC)

-
vy = toxdTa okichnong = q—E
m

J T
= ngvi =
qUq -
Eidikn avtiotaon «eee.... i Mala niextpoviov
TOV PETAALOD i p = —5w"Mécog xpévog
TTA00¢ ehevBepmv nhektpoviov™™ neyj' HETOH GLYKPOHoEDY

.
»,
ey

ava Lovado OyKov
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Métpo Tov QopTiov TOL NAEKTPOVIOL

(25.24)
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