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3.1 Eicaywyn

O TeAIKGG OKOTTOG TNG EVIOXUONG KOI TWV VTTOAOITI®V AEITOUPYIWV HIOG
NAEKTPOVIKAG OLOKEVHS €ival To va dieyeipel ae owaTh dpdon piar TENIKA
d1aTadn mouv atmoTeAel To POPTO £§680V. AVTEG 0 PSPTOG ££660L TrOIKIA-
Ael, avaAoya e TO 160G TNG OLOKEVNAS, KOl PTTOPEl va eival Eva aKOVOTI-
KG, éva HEYGPWVO, KATTO10G KOXB0OIKGG OwARvag, €évar 6pyavo HETPNONS 1
€val NAEKTPOHNXOVIKG OTOIXEIO EAEYYXOL.

O @dpTog €660V, Yia va AsiTovpyel OWOTE, Ba TPETTel va dieyeipeTal
atré NAEKTPIKG OApa KATAAANANG HOPPAS Kal TTAGTOUS KO HE ETTOPKH
NAekTPIKA 10X0. H 100G auTh ptropel va eivar pikpr, 6TTwg Tr.X. 0TNV
TEPITITWON TWV AKOVOTIKWY, —] OLVNOEOTEPA PEYGAN- GTTWG OTNV TTEPI-
TITOWON TWV HEYAPOV®V 1] TOV NAEKTPOUNXAVIK®OV SIaTé&Eewv eAEyYOUL.

2TV TEPITTWON oL £XOLHE PEYGAN atTaiTovpevn 10XU yia Tn di€yep-
on Tou PSEpTOL ££660VL, 01 EVIOXUTEG XAUNAOU OHOTOS (HE HIKPH aTTddo-
on 10X00G KOl XOHNAR TTOPOHEP@®AOT) TTOU YVWPIoOHE €wg TWPA gival
avetropkels. ‘ETol, otnv TeAikr] Babpida di€yepong Touv pépTou e€660vL,
XPeIGlovTal €1I0IKOI EVIOYXUTEG 01 OTTOI01 VO VIOXVO0ULV TO ETTITTESO 10XUOG
TOUL OAHATOG €060V dIATNPWVTOG GUVAHA TN HOPPr TOoL. OI EVIOYXUTES
auToi OVOH&LoVTal EVIOXUTEG 10X00G.

To emiredo 10x00g TNG €§660VL €vg evioxuTh 10XV0G TIPETTEl vV eiva
VYNAS OXETIKA pe TO €TTiTTed0 10X00G ££660L TNG TrPponyoUpevNS PaBpi-
6ag, evad n ammréAuTn TIPR TN e€aydpevng 10X00G pTropel va eivar XopnAr.
H 10x0g auTr| e§opTdTal amd 1o evepyd oToixeio (T.X. To TpaviioTop)
TTOL XPNOIHOTIOIOVHE, OTTé TN OXedIXON TOU KUKADHOTOG KO OTT6 TV
TéON TPOPodooiag. ‘ETal, prropolpe €00V KOAG va €XOUpE Evav eVIOXUL-
T 10X00G XPNOIHOTIOIDOVTOS £va TpaviioTop Twv 0.5 W pe Tpogpodooia 9
V, 6Twg kai éva TpaviioTop Twv 20 W pe Tpogodooia 15 V.

KaTtd kOpio Adyo, n 10x0g €€6dov evdég evioxuTh 10X00G TrepiopieTal
até Tpelg PaoikoUg MapayovTeG 1I6XV0G TToL XapakTnpilouvv To Tpavdi-
oTop, OnA. a1é TN p€yioTn (e-MTPETOHEVN) 10XU ammwAeidv, P,
H€yiotn TG0n oLAAEKTN, V., KO OTTO TO HEYIOTO PEVUA OVAAEKT, |
A&iCel va onpelwBel 0TI 0 TTPATOG TTOP&YWV pTTopEl vor BeEATIONBET, SnA. N
EMITPETOHEVN 10XV OTTWAEIOV va auénOel, av XpnOIPOTTOIOOVHE OTO
TpavlioTop KATGAANAN YUKTPA 1] ATTaywy£EQ OpUOTNTAG KAl pUOHIOTOVV
OWOTA Ol SINOTACEIG TWV TITEPLYIWV ATTWAEIDOV OEPPOTN TG TOU ATTOYW-
Yéa avTOL.

aTo TN

Cmax*
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AGyw Tov OXeTIKG LPNAOL emITTESOL 10XV0G €600V TOL, €vag EVIOXUTAS
1oxV0g TpETrel va €xel upnA amédoon 10xvog, n = P,/ P,, 6mmouv P, n
10X0g £€6600L Kkai P, 1 10x0g Tpoodooiag (dc). AuTr n emdiwén amoTeAel
ONHaVTIKG oToIxelo Tou oXedia-opol evig TETolov evioxuTh. EE &Ahov,
éva a1 Ta goBapdTepa TPOPARpATA TTOL gpaviCovVTal 08 EVavV EVIOYU-
T 10¥00G eival To TPSPANHa TNG MaPApSPPwOong TAGTous, dnA., 6Tav
€va KOBop& NUITOVIKG 0P EPOPPOOTEl TNV €i0060, 1 £€€060G dev givai
KOOAPG NUITOVIKG OAHA, OAAG OTTOTEAEITON OTTG TO EICOYOPEVO OO EVI-
OXUHEVO, OLV IO OEIp& TTPOOOETWY CGUVIOTWOWY HE OLXVOTNTEG TTOAAC-
TAGOIEG TNG EI00YOPEVNS (OPHOVIKEG OLVIOTWOEG). H Trapaudppwon
auTH oeeTal 0TO 6,TI, AGYyw TNnG EKTETAPEVNG TTEPIOXAS AsiTovpyiog
TOUG, Ol TTOPGHETPOI TWV EVIOXUTWV 10XV0G HETARGANOVTOI €VPUTOTO
KOBSGA0 TOV KUKAO evaAAaryig Tou OfpaTog. Q)G ek TOUTOU, N HEBOOOG £TTI-
Avong 1 oxediaopoul pe Béon Ta 1IG0SVVAPO KUKADOPOTO XOHNAOD OG-
TOG dev eappOleTal TTAEOV KOl XpnolpgoTroleiTal avaAvon kard Fourier
&iTe ypa@IkEg pébodol.

Mo TNV améAenpn TOV TOPATTAVE TTAPAHOPPAOCEWY KATAPEVYOUHE
o€ €I0IKEG TEXVIKEG, OTTwG 1) S1oppVBpIon push-pull, rov Ba 6obpe TTapa-
KATW, €(TE O€ EPOSIGOPS TOU €VIOXUTH HE KOATGAANAG ouvTovVI{OpEVO
kKukAwpaTa (BA. ovvrovilduevor evioyuTéG 10x00G oTa EibikG OfpaTta
HAekTpovik@v Tou I €Toug).

3.2 Ta&ivopnon Tov evioYuT®wv 10X0V0G

Me otéxo TN diagopoTroinon (avénon) Tng amrédoong n o1 eVIOXUTES
10X00G A€ITOLPYOUV KOl TOEIVOPOUVTOI O TPEIG PACIKEG KATNYOPIEG 1
Taéerg, avéoya pe Tov TPpOTTO TTOAWONG ToL TpaviioTop. O1 TGEEIG AUTES
eivon n Ta&n A, n T1a&n B kai n Ta&n C. Mepikég Popég, SpwS, £vog evioy-
TAS oxedidleTan va Aeitouvpyel oe K&TTola evOIGpeon TGEN peTagd TG A
kal B, n omroia ovopdiletan Ta€n AB.

>Tov evioxuTh TGENS A, pebua kukAopopel o’ 6An TN diIdpKeIa Tov
KUKAov evaAdayng (dnA. katé Tig 360.) Tov orjuaTog 10660V, 6TTWG OEi-
Xvel To 2x.3.1. Z1nv T&&n A TO Oonpeio npepiog AsiTovpyiog Q PBpiokeTal
OTO HECO TOU YPOMHIKOU THAPOTOS TNG XOPO-KTNPIOTIKAS €10660v. M’
QUTOV TOV TPOTIO TO ac OfHA P&ong-ekTTOPTTOU dnpIovpYEel Evav TTARPN
KOKAO TOU peVPOTOG BAONG KOI ETTOHEVIS KO TOU PEOHATOG OUAAEKT).
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>tov evioxuTh T&&ng B, To onueio npeuiag Aerrovpyiog Q eivar oto 0,
—0¢€ TETOIX O€0N— WOTE TO PEBUA LAONG GPA KAl OUAAEKTN va KUKAOQOPEl
T0 pIo6 (6nA. omig 180° ) Tou KUKAOU evaAdayrG TNG TEONG EI0650V, BTTWS
oeixvel To Xx.3.1. Av, SpwG, TTOADOOLPE TOV €VIOXUTH OTO onpeio Q’,
WOTE VA OTTOPUYOUHE TO I0XLPG UN-YPOHHIKO THAPG TNG XOPOAKTNPIOTI-
kAS €10660v, €xovpe AeiTovpyia oe T&En AB. Ztnv T&EN avTh, TO Pebua
Baong-ovAXEkTn, KUKAOQOpPET O TTEPIOOOTEPO a6 180. KOt AlyOTEPO ATIO
360. TOL KUKAOU TOU OfHATOG EI0060V.

TGEN B

T6€n AB TéEn C

Zxrjpa 3.1.  O1 8i6popeg Taeig Aeitovpyiag evioxutdv (A, B, AB, O),
avéloya pe v méAwon Tou TpaviioTop

TéAog, oTov evioxuTh) T&ENg C TO onpeio AsiToupyiag eival oe TETOI
Béon, oTrwg defyvel To Xx.3.1, WOTE TO PEBUA BAONG APA KAl TOU CUAAE-
KT vat KUKAO@opel AryoTepo amrd 180° Tou KUKAOL TOU OHUATOG E1I0G60U.

O1 evioxuTég TAENG A BPIOKOLY EPAPHOYEG OTOUG EVIOXUTEG TAONS
XOHNAOU OAHOTOG TOU TTPONYOUHEVOL KEPOARIOU KOI OTOUG EVIOXUTES



ENIXXYTES IXXYOX 55

XOHNAAG 10X00G, o1 OTToi0l XPNOIHOTIOIoVV £va HOVO eVIOXUTH OTr BoOpi-
6a €b60v.

>Toug evioxuTég TA&ENG B omdvia xpnoipotroieital éva pévo tpavdi-
OTOp 18{WG OTOVG EVIOYXUTEG OKOVOTIKWY OCLUXVOTATWY, e§auTiog TNG avén-
HEVNG TTAPOUGP@WONG oL dNpIoLPYEITAl. ZLVABWS XPNOIHOTTOIOVVTAI
dvo TpavlioTop og ouvdeapoloyia push-pull. Me T cuvbeopoloyia avTH,
OTTwG Ba doUpE, aPeVOG eEAAEIPOVPE TNV TTAPAPOPPWAT KOl APETEPOL
aUVEAVOULHE TN PEYIOTH 10XV.

Télog, onpeidvovpe, OTI ol evioxuTég oe T&EN C xpnoipotrololvTal
Kupiwg o1 Badbpida €£660LV TWV TTOPTTWV KOl TWV SEKTWV GTNV TrEPIOXH
TWV PadIoPwVIKWV ouxvoTATwY RF. To @opTio Toug eival ouvToviopévo
KOKAWHO yio vor 6ivouy aTnv €6066 TOuG NUITOVIKS Opa XWPIG TTapapép-
pwon (BA. E1dik& OépaTta HAekTpovikav " €Toug).

3.3 lMpoocappoyn PEOwW PETAOXNHOATIOTH

Juxvé, o pbpTog €660V TTOL SigyelpouV 01 EVIOXUTES 10X00G EXEl AVTI-
otaon R, xaunAnig Tiung. AvTté oupPaivel T.X. HE TO HEYGPWVA 1 TIG KEPO-
€G EKTTOMTIAG, TTOL €XOUV OUVOETN avTioTaon TaENg peyéBoug atd 3 Q
£€wg 30 Q. Av ouvdéape Eva TG00 XaHNAS opTio atr’ evBeiag oTnv €600
(OLAAEKTN) ToL Tpav(ioTop &vlg eviOXUTH 10X00G, TTOU £XEl OXETIK&
vynAr| avtioTaon e€6dov, Ry, Ba eixape oNpAVTIK OTTOKAION o6 TNV
QTTQITNON TIPOCAPHOYAS AVTIOTACEWV KI €T ) 10X0G €600V TOL EvIoXUL-
TH, TTOL BA PHETOPEPSTAV OTO POPTIO, O B ATAV APKETE PEYGAN.

SOp@PWVA PE TO BEWPNUA TNG UEYIOTNG METAPOPAG 10XVOG, YIO VO TIETV-
XOUpE GpIoTH Tpocappoyr, OnA. pEyloTo UETAPOPAG 10YUOG OO ThV
£€€0d0 ToL evioxuTH| 10XV0G 0TO PAPTO ££€600L R, Bax TTPETTel var IoXVE ) 106-
™Ta R =R,, 6nA. n avrioraon @dp-Touv va eivar fon mpog Tnv avriotaon
e§odou Tou TpavdioTop. Eeidr auTr n 106TNTO dev 10YVEl, OUTE KATG TTPO-
o€yyIOn), OTNV TEPITITWON XAPNADY POPTWV, KATAPEVYOU-UE TNV TTOPEU-
oA €vég €I10IKOU PETOOXNHOTIOTH (HETOOXNHOTIOTHS TPOCAPHOYNS)
peTa€V TNG £€660L TOL TpPaViioTOP KOI TOL PAPTOL ££GdOVL. O peTAOXNHO-
TIOTHG aUTOG €xel pUBILSpEVO 1| TTPOCdIOPICOHEVO AGYO LETAOXNUATILOU

N
n:_2

N, (3.3.1)
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Zxrpa 3.2.  MeTaoOXNUATIOTHG TTPOOAPUOYNAG EVIOXUTH 10XU0G

‘Otrou N, kai N, gival 0 apiBp6G OTreIpwV (OTPOPWV) TOL TTPWTEVOVTOS
Kol TOU OeLTEPEVOVTOG, avTioToIXA. O PETAOXNHATIOTAS TTPOCOOPHOYAS
peocodaBel peTad Tng £€660L TOL TpaviioTop Kol ToL POpTOL €§6S0L
(HEYOPWVOL) KAT& TOV TPOTIO oL deiyvel TO Xx.3.3.

ATTOOeIKVOETON OTI, LTIO TI§ TTAPATIAV®W OLVOAKES, TO OeuTEPEVOV
KOKAWHO TOU HETOOXNHOTIOTH HTTOPEl VO ATTOAEIPOEl KOl VO AVTIKOATO-
OTAOEl OTT6 pIa 1000UVON OVTIOTOON OTO TIPWTEVOV (AVAKAWHEVH avTi-
oTAOTN) (0N pE

o

R—RL 3.3.2
s (3.3.2)

—O @ O+ Ve

Zxrjpa 3.3.  XuvOeou0AGYnon TOU UETACXNUATIOTI TTPOCOPUOYIIS

3.4 EvioyuTng o€ TGén A

3.4.1 EvioyuTig Ta&ng A pe Qpik6 ®opTo

2Tnv TopAYPOPo auThH B0 KABOPICOLHE O PEYIOTES TIPEG, TNV 10XV
€€6dov, TNV amrédoon 10x00g Kal TNV 1I0X0 GTTWAEIDV TTOL XAPAKTNPI{OLV
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€vav evioXUTH 10X00G HE WHIKG POpTO Kal Gpeon ovevén (dnA. xwpls
HETOOXNHOTIOTH) 6TV AeiToupYel o€ TAEN A.

To Xx.3.4 deiyvel évav TUTTIKG evioXUTH T&ENG A pe WHIKG POPTO Kal
TNV avTtioToryn evBeiar @OpToL Oxedlaopévn oTo Oprvog €§660v Twv
XOPOKTNPIOTIKWOV TOU TPavioTop. ATTé TO OX O GUTO, pe dedopévn TV
TéoN TapPOoXAS Tpogodooiag V ., dlo-TroTvoupe 6T1 n p€yloTn ac T&on
atré KopLPN o€ KOopLPH| (p-p) TTOL pTTOPEl Var H0-0ei T Evar WHIKG POPTO
eivan n V.. EEGAov yia va €xoupe auTh Tnv Tdon ££66ov i Téon npepiog
Tpéel, V=V /2. H ehaxioTotroinon Tng R peyiototroiei Tnv 1ox0 (Vo /
R) 1ou oamodideTal oto PépTo. H eAdxi0Tn Spwg duvaTth TiuR TS R,
kaBopideTan amré To peVpa TOL OLAAEKTN, 6TTWG PaiveTan oTo >x.3.4. H
eAGXI0TN emITPETTA TIPA TNS R, 1oL d¢ divel uTTEPPOAIKG pebpA GUAAE-
KTN, OAAG pior pEYGAN emITPETTTH TP Tou | eivai:

ic
ICmax
leq [ Q
‘ Uce
0 Veq Vee
Zxrjpa 3.3.  EvioxuTtrig 10x00G o0& Ta&N A ye WUIKG QOPTO
V.
R = — (3.4.1)

lCmax

ATToO€IKVOETOI, OTI N 10XVUG ac TTOL aTTOdIdETAI OTO POPTO, diveTal AT
T oxéon:

.

ac 8_R|_ (342)
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eVad N 10YVG TToL TrapéXeTal atd Tnv dc Tédon Tpogodooiag V  eivai:
Pic= Vecleq (3.4.3)

H amédoon 10x00g n Tov evioxuTh opifeTan amré T oxéon:

e (3.4.4)

Nax = ﬂ

Av A&Boupe YN OTI, yia GpioTn AsiToupyia o TGEN A, TTPETTel va
éxoupe I, = 1.,/ 2, amé Tig EE.(3.4.2)-(3.4.4), n amddoon Tou evioxuTrj
10x00G o€ T&éN A, I€ WHIKO POPTO €ival:

Npax = % f] Nihax :25% (345)

Apa, n Gpeon oVlevén ToL WHIKOV POPTOV OTOVG EVIOXUTES 10XV0G
TGENS A €xel oav amoTéAeopa va Sivouv pikpr atrédoon (25%).

TéNog, N 100G amrwAeidv oTo TpaviioTop P, xwpig ofjpa oTnv £i00d6
TOL, aTrodeIkvOETaI OTI ival SITTAGOIO aTré TN p€YIoTn 10XV TTOoL aTTodIdE-
Tal 0TO POPTO. AnA. kKaT& TNV EE.(3.4.2),

2

v
=2P, = 3.4.6
P=2Pc = g5 (3.4.6)

O MNapaderypa 3-1

Na 1poadiopiofolv Ta oToixeior evég TpavioTop 10X00G TO OTrOIO,
éTav TpoodoTeiTal pe Taon 12 V kai £xel épTo 10 Q, va eival KaTéA-
Anho yia evioxuTi 10X00g T&ENG A pe pé€yioTn amrédoon.

Avon

H péyiotn 10x0g ov atrodideTon oo pépTo diveTar amé Tnv EE.(3.4.6),

Vic 122 144
*7" B8R, 8x10 80 /8

Omrwg eidape, Xwpis ofjpa To TpaviioTop KATavoA®dver 10X0 P, SITrAG.
ol Tng P, emmopévag P, = 3.6 W. EE’ &AAov, Bdon Tng EE.(3.4.1), To péyi-
0TO peVpO GUAAEKTN eivai: vV
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Etropévwg, To TpaviioTop TIPETTEl Vo eTTIOEXETAI PEVPG OLUAAEKTN TOUAG-
xioTov 1.2 A kol va givan 10x00g 3.6 W.

3.4.2 Evioyvutig Ta&ng A pe MeTaoxnpaTioTy

‘Omrwg eidape - yio AGyoug TTpOCAPHOYHS OVTIOTAOEWV - XPEIGEETAI VO
eivon pepIk€g @opég n o0evén Tng €660V eveg evioxuTH 10X00G TTPOG TO
POPTO HEOW EVOG PHETAOXNHATIOTH. AGYw avToU, 01 OLVOKKES AeITOLPYIOG
TPOTTOTIOI0VVTAI OTTWG B0t SOUHE TTAPOKATW.

O evioxuTrig o T&EN A €xel 100 €§660L OXETIKG XOPNAR Ko peYGAo
pebpa npepiag. Kat& tn oxediaon evég TETolou evioxuTr Baoikr emidiw-
&n eivar va e§aopaiioovpe Tn péylotn duvarh 10x0 €§6dov. [a va €you-
pe péyiotn 10x0 e§odov, To onueio npepiog (Aseitovpyiag) Q Ba TPETel va
BpiokeTar Tavw oTnV KAUTTUAN LTTEPPOANG TNG LEYIOTNG 1I0XUOG TOL TPAV-
CioTop. Y6 auT£g TIG OLVOIKES pop@oTTololvTal U0 £LBEEG POPTOUL, N
dc ka1 n ac evBeia pépTov. H dec evBeiar pépTov, TTOL AVTIOTOIXE OTNHV
WHIKH OVTIOTAON TOU TTPWTEVOVTOG TOU HETAOXNHOTIOTH, £ival oxedov
KOTOKOPLPI), ETTEIBN TO TNVIO €X€l WHIKA avTIOTOON TTOAD pIKPH (HEPIK&
Ohm). Apa V, = V.. H ac evBeia (pépTOU, TTOL AVTIGTOIXEN GTNV OVOKAD-
pevn avriotoon (R, = R / n%), Tpémel va éxel TETola TIP MOTE Vo PNy
vtrepPolpe TN PEYIOTN 10XV TTWAEIDOV TOL TpavioTop.

— i
+ (\?cc ¢ dclevBeia pSpTou Ry =0
|| Ry ‘ lcmax
2leg)
Q
UOI leq [~ :
IUi R, §
Re ——C,
o J

Zxrjpa 3.5.  Evioxutig 16éng A pe yeETAOXNUOTIOTH KA EVOEEG POPTOL AVTOU
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2TO TOPOKATW OEXOHOOTE OTI O XAPOKTNPIOTIKEG TOL TpaviioTop
eival YPOHHIKES Ko 6TI 1 ac T&ON Kal To ac peva, Gpa Ko Tng e§66ov,
HTTOPOUV va peTOBEANOVTOI OTTE TO PNOEV PEXPI TIG PHEYIOTES ETTITPETITES
TINEG TOUG. Av LTTOBETOULPE OTI O PeTaOXNHOTIOTAS €660V eival Xwplg
aTrAEIES, N 10XVG £€660L eivan:

Veo | [ Veo Veolco
P= VC(rms)IC(rms) = (ﬁ) (ﬁ = i (3.4.7)

6tou V, kai I, To TTAGTN, ac S1okOPavong TNG TAONG KAl TOL PEVHOTOS
OULAAEKTN, QVTIOTOIXOL.

‘O1rwg gaiveTal omré To dIGypappa Tov XX.3.5, yia &ploTn TTéAwon o€
TGEN A (p€oo Q Tng ac eVBEeDG PAPTOL), Ol PHEYIOTEG SUVATEG TINEG TWV ac
TAQT@V, XWPIS va £xovpe TTapapdpewon, eivan Ve, Vi,V kai I, = |,
Juvemrwds, Baoel Tng EE.(3.4.7), n péyiorn 1oxog e€odou (ac) Tou evioyutr
eivai:

VCQ
Pe=—- (3.4.8)

H avTioToixn 1ox0g Tpopodooiag Tov XopnyeiTail a1mré Tnv Tnv TNYA

dc eiva:

=Vl OV, | (3.4.9)

dc cc'cQ cQ 'CQ

H amdééoon eivau:

=)
I
|£°
9]

— % f{ Ny = 50% (3.4.10)

max

a9

C

‘Otav To orfjpa €10660L eivan Pndév, n 10x0G oL TTAPEXETAI A6 TNV
Tpo@odoaoia Ba eEakoAovBEl va eivar TTEAI V|,
TIEl TOPA VA KATAVOADVETOI €€’ OAOKAPOU, WG 10XVUG OTTWAEIDV OTT6 TO

. Hiox0g auT B Tpé-

TpaviioTop. Apa, ekppadel TNV 10XV avTo-XH G AUTOV. ZUVETTXG, YIO VO
emITOXOLPE evioxvon 10x0og oe T&&n A oTo emiredo e€6dov, m.x. 1T W,
TPETTEL VO XPNOIMOTIoIfooVHE TpaviioTop 1oL va avTéxel 10XV O-
TTwAeIdV 2 W.

H wpikf avrioToon ac pépTou divetar amé Tn oxéon:
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V2
R, = —>
2P,

(3.4.11)

To TpavlioTop TTOL B XPNOIHOTTOIOOVHE Bt €XEI PEYIOTN ETTITPETTO-
peVN TAON CUAAEKTN

Vema = 2Vec (3.4.12)

Cmax

B&oel Twv EE. (3.4.1) kai (3.4.2) 0 TIPAYHATIKOS PAPTOG (TT.X. HEYCIPW-
vo) £xel WHIKA avTioTaon R, 0 AGyog Twv OTTEIPWY TOL PHETAOXNHATIOTH
givai:

N /R

O Mapaderypa 3-2
Na emideyei To TpavlioTop 10X00G KOI O HETAOXNHATIOTHS ££6600L yia
evioxuTH 10x00G T&&NG A, av n 100G ac e§6dov eivan 1T W kai 0 @opTog
e€6dou R =4 Q yia Téon Tpogodooiag V. =12 V.
Avon
To TpaviioTop TpETel va £xel p€yloTn 10XV ammwAei®dy 2xT W=2 W.

R = Yo _ 12 _ 144

—_— 7
«T2p. 2x1 2 2Q
Vi = 2Veq = 2V = 24V
2V
ICmax RCC - % = 6 A
L

Apa, To TpavlioTop TPETTEl var €XEl HEYIOTO PEVHO 6 A KOl KATOVGAW-
on 10X00G atrwAeIdy 2 W.
O A6yog oTrelpadv Tov peTooXNHaTIoTH Ba ival, EE. (3.4.13)

_ JR_ 4 Soa n=2 1.
n= =\ 75 [J0.24 apa n_N1_D1'5
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3.5 EvioyuTng TGENnS B

H pikpr} ammédoon Twv evioxuT®v TGENS A eival cofapd TpSBANpa oTa
ovOoTAPOTA TTOL €XOLV PEYAAN 10XV. ‘ETOl, 01 pey&Aol TTOPTTOl EKTTEPTTOLY
10XV opkeT@V kW Kail, CUVETT®G, av n arédoar) 10x00g Toug eival HIkpA TO
K60TOG AsiTovpyiag Tovg Ba eival peydAo. Etriong kai To apxiké K60TOG
KOTOOKEVAG TWV TTOPTTAV aUT®V Ba eival peydlo, epdoov xpeidlovTal
0 akKpIB& Kot LPNARG 10XV0G OTOIXEIO KATOOKEVAS KOl EXPTAHOTAL.

‘Eva pey&Ao pépog Tng 10X00G OTTWAEIDV TWV EVIOXUTOV OPeMETAI
oTnV 10X0 OTTWAEIOV 0TO OLANEKT. ZUVETTWS, HTTOPOUHE VO EXOUHE alo-
onpeioTn BeATiwon Tng amédoong av EAATTwOE! AU TH N 10XUG ATTWAEIDV.
Emreidf n 10x0s eivar fon pe 1o yIvépevo Tou peVPATOG T TNV TAON, N
100G omTWAEIDdV 0TO CLUAAEKTN B eival av&Aoyn TnG T&oNG Kal Tou Pev-
paTog OUAEKTN. ETropévag, av ptropéoovpe va eplopicovpe Tn dpdon
TOU PEVHATOG OLANEKTN AVOYKGLOVTAS TO VO KUKAOPOPET HOVO KAT& TN
d1GpKeIa TTOU 1 TAON OVANEKTN €ival OTO YOUNAGTEPO TNG KOPLPHG TOTE
Ba €xoupe onpAvVTIKS LTTOBIBACHS TWV ATTWAEIDV. AUTO PTTOPEl VO Yivel
TTOAWVOVTOG TOV EVIOXUTH O€ “OrmrokoTrr”, dnA. KGVOVTOG TOV EVIOXUTH HN
ay@dYIpo yiax pndeviké ofjpa oTtnv €icodo. MNa nuIToviké ofpa £10660L TO
TpavlioTop &yel pOvo KAT& TO HIGG TOL OHPATOS £10660V. KaTd T Si6p-
K&l TOL GAAOUL pIo0U TO TpavlioTop eival og aTroKoTA Kol Ogv &yel, dnA.
Aeitovpyel oe TéEnN B. To Xx.3.6 deixvel TNV KLUHATOHOPPH YIa AgITOLPYIO
oe TGN B o€ olUykpion pe Tnv 16N A.

e

Cmax
]

Zxrjpa 3.6.  Inueia Asitovpyiag Q evioxutddv og TAEN A Ko B Kol KUUOTOUOPPES
e€obou yia éva kKUKAO Tou OfUATOG 10660V
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Eved otnv T&€N A TO pebpa GUAAEKTN KUKAO@OpEl KaT& Tn diGpkeia
0ASKANPOL TOL KUKAOUL TOU ORHOTOG €10660V, OTNV T&EN B TO pebpa OLA-
AEKTN LTTEPXEI KOl KUKAOQOPET KAT& T SIGPKEIX TOU HIOCOV KUKAOUL TOU
OfpaTOS €10660V. To Yeyovog auTé odnyel o€ 10xLPH TTAPAPOPPWAT TOL
ofjpaTog €§660L. Na TIG TTEPIOOGTEPESG TTEPITITWOEIS 1) TTOPAUSPPWON
auTh Sev eivar atrodekTr]. Abo TETOoI0I, SpWS, eVIOXLTESG (TGENS B) pTro-
poUV va ouVEPYOITOOUV WOTE VO HADTOLV OTHV €6000 KAVOVIKF KUHOTO-
pop@r Xwpi§ Tapapdppwon. To Xx.3.7 deixvel évav TETOIO eVIOXUTH O
oTtroiog ovopdCetal evioxuThg push-pull oe T6&n B (pe peTaoxnpaTioTn).
H Booikrj amraitnon yia Tov gvioyutrj auTtov givar Ta dvo TpaviioTop va
gxouv ToO 610 pevua, €101 WOTE va evioxvovtal e§joov Ta 6LO HIOG KABE

KUKAOU TWV KUUOTOUOPPWV.
. UCE1 ay
lg,l
NAVYAY 5 ~

N:1

Ucez o
NN\ (\j
"o

l+VCC

Zxrjpa 3.7.  Evioxutrig push-pull 16éng B

3.5.1 Evioxutig Push-Pull

Oa yivel TOpa HIa PIKPH TTEPIYPOPH TNG AEITOUPYIOG TOL EVIOXUTH
push-pull, pe Tn BorBeIx TWV KLPATOPOPPWV OTA SiGiPopa onpeix aLTOD,
OTTwg eikoviCovTal 0To XX.3.8, LTTOBETOVTOG IDAVIKG OTOIXEID KOI 10QVIKES
OULVORKEG. TNV €l00060 TOL GAOL EVIOXUTH LTTOBETOLHE £V OHA £10660L
eKPPalOpeEVO amré €va NUITOVIKG pebpa €106d0ov TAGTOULS |, ATOI OTO
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TPWTEVOV TOU HETAOXNHOTIOTH €10000V B €XOUHE €va pelpa, OTTWS
auT6 oL deivel To XX.3.8 O, pe OTIYHIOIO TIPA

i= Il sinwt (3.5.1)

O peTaoXnNHATIOTAS £10660L €xel AGyo otrelpadv 1:1 Kol peoaiar Ajyn
(aKkpIBwS 0TO P€oO TOL HELTEPEVOVTOG). ZUVETIWG, B ATTOOTENAEI OTIG
Baoeig Twv dvo TpaviioTop, T,, T,, duvo pedpaTa idlov TAGTOUG, |, OAA&
gupIoKGHEVa O avTiBeon @aong (dnA. Siagopd @éong 180.). ZTo TPWOTO
pI06 Tou KUKAOL &vOAAOyg TOouv ORpOTOS €10660V, TO TpaviioTop T,
TTOAWVETOI ATTG TO OAHA AUTO O KATAOTOON OTTOKOTIAG, apa dev G-yel,
KI €701 T600 TO pebHA PAONG TOU), i

600 Kal TO PeOPA GUANEKTN TOU, i

B1/ c1/

eivan pndevika (2x.3.8 3,8). Xto 610 didoTnpa, To GAAo TpaviioTop, T
Gyel, TTOAwPEVO 0TV evepyd Treploxn, Ki £€TO1 Ta pebpaTa fAONG Kol OLA-

27

AEKTN TOU, iy, KO i, , Ba TTOPaKOAOLOOVY TO OApa €10660V, GTTWG Oti-
XVouv To 2x.3.8 Y KOl €.

Omrwg aiveTan 010 XX.3.7 Ta dV0 pevpaTa |, kai I, (OTIyHIaieg TIHES)
odnyolvTal 0T peooia AP TOU TTPWTEVOVTOG TOL HETAOXNHOTIOTH
££660vL dl10ppEovTag To pe avTIBETEG POPES, Gipar Ba eTT&yoLV OTO devTE-
pevov TAoEIG €€’ eTTaYWYAS AVTIOETNG TTOAI-KOTNTOG KOl OUVETTMG PEVHO-
TO POPTOL AVTIBETNG Popds. ‘ETol, av 1 eival 0 AGyog OTTEIPWV TOL HETO-

oXNHoTIoTH €£660V, TO OUVIOTAHEVO PEVPO OTO POPTO Ba eivai

/ (@)

Il
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Zxrjpa 3.8.  Kupotduoppeg ota Sidpopa onueia Tou evioxutr push-pull
Ko QVTIOTOIYI0N QUTWV

i =n(. —i (3.5.2)

Cc1 CZ)

AuTHA n oxéon eTaANBeVETAI KOl OTTO TN YPOAPIKA OPAIPETT TWV KUPO-
TOHOPPWV TwV XX.3.8 & kal €, TPAYHO TTOU OONYEl OTNV KUHOTOHOPPH
TOU PEVPATOG POPTOL TOL 2X.3.8 OT.

Ta mapoaméve 10x0oLvV LTS 1I0AVIKEG TTPOUTTOBEoEIS. ZTNV TIPGEN
WOTO00, OTA ON-HEIX GTTOL Ol KUPATOHOPPEG SIOTAVPDVOVTOI PE TOV
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op1dévtio &&ova xpovou (0, 0', 0”7, ...) ep@aviCeTal 1I0XLPH TOTTIKH TTAPO-
HOPPWAT), TTOL OVOUALETOI TIAPAHOPPWOT] SIACTAVPWONS KOl OPEeile-
TOl OTO OTI Ol XOPOKTNPIOTIKEG TWV TpaviioTop dev eival YPOPHIKEG KOVTH
oTo pndév. MNa va epIoploTel ALTH N TTAPAPOPPWOT), T TPAVIGTOP TOL
evioxuTr] push-pull dev TroAddvovTan akpifpws oe T&EN B aAdG eAagpd
oe€idTepa, ONA oe TAEN AB. Etreidr] Spwg, avth n amékAion eivar pikpn
(trepi T 0.65 V), y1I” avTO 01 EVIOXLTEG QUTOI BEWPOVVTOI KATA TTIPOCEYYI-
on moAwpévol o T&&N B.

loxeic oe Taén B

H 10x0g (ac) e€660v e€akolovBei va diveTar atré Tnv EE.(3.4.6) n omroia
10x0el aveEdp-TnNTa ammé TNV TAEN AsiTovpyiag. ZTnv TEPITTTWON OpWS
™G T&éNs B, obppwva pe to Xx.3.8 B, n péylorn duvarth Tip TAGTOUS
NG T&oNS OLAAEKTN (ac diakbpavaon), Ba ei-val V, = V. Apa, KaT& Thv
E€.(3.4.6), n uéyiotn 10x0G €§6600L Ba diveTal ard TNV €kPpaon

Ve
p - Yccco

ac 2 (3.5.3)

ES’ dAov, atrodeikvieTan 611, o T&En B, n dc 10x0G ov TrapéXeTal
a6 TNV TNy TPoPodooiag oe KOs OLAAEKTN SiveTal aré T oxéon

2Vd
Pie = — (3.5.4)

Apa, n p€yIoTn arédoon evog evioxuTh og T&EN B Ba givai

Mo = 5 = 7 = 78.5% (3.5.5)

H oxéon auTr| mopéxer Tnv amédoon oe TGEN B eiTe yia KavovikS evi-
OXUTH 10X00g &iTe yIa evioxuTh 10X00g push-pull.
Télog, atmodeikvOeTan 6TI 1 PEYIOTN TIPHA TNG 10XU0G TTOL aTTodideTAU
o710 QOopTio R, biveTan atrd TOV TOTTO
Vec

=— 3.5.6
PL,max ZRL ( )

61ouv R, = N’R n avtioTaon R, aviypévn (wg ovakA®PEVN OVTIOTOOT) OTO
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TPWTEVOV TOL PETAOXNHATIOTH £€660VL (BA. Xx.3.5 B). Me Bdon Tig oxé-
O€IG QUTEG PTTOPEl VO LTTOAOYIOOET ] AVTIOTAON POPTOL 1 ATTAITOVHEVN
yio 6edopévn 100 P

L,max .

Eivon xpfoipo va kAeioovpe auTH TNV TAPAYPOPO TTAPOOETOVTOG
OUYKEVTPWTIKG TG TMALOVEKTHHATA TG gvioxvong 10xvog oe Taén B,
oL eival Ta e€AG:

e Kot apxfv, 6mrws @aiveton amé ovykpion Twv EE.(3.4.5) kan (3.5.5), n
Aertoupyia oe TGN B e€aopaniCer (P€yioTn) amddoon 10X00G PEXP! KAl
78.5%, Gpa KOTG TTOAD HeYOAUTEPN OTTO T HEYIOTN ATT6d00T 10XV0G TTOU
emTPETTEI N TAEN A pE WHIKS PApTO, 1 oTroiax dev vTrepPaiivel TO 25%.

¢ H katavéAwon 10X00g evog TpavioTop TTOL XPNOIHOTIOEITal O TAEN
B eivon onpavTiké pikpéTepn atméd 6on otnv TGEN A.

® H 16&n B kaAOTITEl TNV £vioxuon peyGAwv 10X0wY, evad n T&EN A eivai
EPOPHBOIPN HOVO YIO TIG XOHNAES KOl TIG HEOES 10XEIS.

EmirAov, n xpion Tng Ta&ng B o€ ouvdeopoloyia push-pull mpoodé-
Tel TA €EAG TTAEOVEKTHPATAO:

a) Emreidry Ta 600 pedpaTa npepiag-AeITOVPYIOG OTOUG GUAAEKTEG TWV
TpavlioTop KUKAOQOPOUV pe avTiBeTeG H1ELOBVVOEIG POHG, AVAIPOUVTOI
HETOED TOUG KI €0TI OTO HETAOXNHOATIOTH €£660UL dev KLKAOPOPEl OTOV
TTUPAVA TOL HOYVNTIKO PEVHA KGpou, Gpa BeATiddvovTal O £TIdO0EIG
TOUL.

B) 10 ac pevpa €660V dev LTTGPXOLY CLVIOTWOEG AGYW 2NG APHOVIKHAG,
yloTi 01 OLVIOTOOEG AUTEG €XOLV avTIBETEG SIELOVVOEGH POAG KAl €TOI
TO QVTIOTOIXO PEOPATA OGAANAO-£E0LOETEPWOVOVTAI.

Y) Ta pebparta npepiag Baong kat GVAAEKTN Kol oTa duo TpavdioTop eival
HIKPQ.

O MNapaderypa 3-3

O evioxuTis push-pull Tov Xx.3.7 xpnoipotrolel Téon Tpogodooiag 15
V kail pETOOXNHOATIOTH ££660VL pe TTpwTeVOV 100 OTreEIpdV Kol devTEPEVOV
20 omrelpwv. Méon eivon n pé€yioTn TP NG 10¥00G TTOL ATTOdIdETAN OTO
POpTO, av o TOS eival peydipmwvo 8 Q) ko TT6o0 TTAGTOG ac PeVHATOS TTPE-
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TEl VO UTTAPXEl 0TO OUVANEKTN KGOe TpaviioTop yia va AapPdveTon n
TapaTTavm 10X0§ ws (HEy1oTn) 10X0G £§6600L.

Avon
O AGYyoG HETAOXNMATIOHOU TOU peTaoXnpoaTioT €§6douv  eivail
n=20:100=1:5, &pa oc 1 oTreipa dbevTepevoVTOg AvVTIOTOIXOUV N=5 OTreipeg
TPWTEVOVTOS. Apa;, pe Bdon Tnv EE.(3.5.6) n péyiotn 1ox0s e€660L TTOUL B
amodideTal 0To PSpTOo R =8 Q) ToL peya-pwvou eivai:

V& 1% 225

P = - =225 _ 56w
PMXCO(NPR,)  2x52xg 400

To {nToVpevo TAGTOG |, AapBdaveTan av Aboovpe Tnv EE.(3.5.3), ommdTe
€XOULpE:

_ 2Pcc _2x%0.56 _ 1.12

l = 74.7 MW
IV 15 15 m

3.6 Mapapoppwosig

Onwg eidape, pe To TEPAoPa amd TNV T&EN A oTn B, o1 eviouTég
10x00g aveBalouvv Tnv ammédoor] Toug. AUTO GHWS, av dev TTEPOLHE TO
KaTGAANAGr pETPQ, YiveTan pe Buoia Tng pop@rg Touv ofjpaTos. ‘ETol To
OO TWV TTOPAHOPPDOEWV ATTOKTS HEYGAN Onpocio.

O1 TTaPAPOPPWTEI§ OTOVG EVIOXUTEG OPEIAOVTOI OTN U YPOUMIKOTNTX
TWV XOPOKTNPIOTIKWY €10060L Kau €§660v. To Xx.3.9 defxvel Tn XOpOKTN-
PIOTIKNA €10660V €vig TpaviioTop o€ ouvdeopoAoyia CE. ‘Otmrwg BAETovpe
N XOPOKTNPIOTIKA €ival 101ATEPA KAPTTUASYPOHHN OTO KATW PEPOS TNSG.

‘OTtav Aoirév oTnyv €i00do epappooTel ofjpa v, = V sin wt, n KpaTo-
HOPPH PEVHOTOS TTOL TIPOKVTITEI EIVOI TTEPICCOTEPO CLHTTIECHEVI TTPOS
TNV opvnTIKA (K&TW) Kopuen, XX.3-9 a, Top& 6Tav To onpeio TOAWONG
BpiokeTan oe vpnAdTepo onpeio (Q,), >x.3.9 B. Emiong, oTo xapnAdtepo
onpeio TOAWONG €TeId TO OAPA €ival HIKPOTEPO.
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Zxrjpa 3.9.  XapoktnpioTikr) e1066ov CE

‘Otav éva NUITOVIKG OAHO TTOPOHOPPWOE(, ATTOdEIKVOETAI HOONPOTI-
K&, (Me avaAvon kata Fourier), 6Ti SnpIOLPYOVVTAI ETTITTPGOOETO NUITOVI-
K& ofjpara. O oUXVOTNTEG TWV NHITOVIKWOV QUTWV ONUATWV “TTOpauop-
pwong”, eivar aképala ToAaTAGoIa Tov apxikoU ofpaTtos. AnA., av f
givai n apxikr) ouXvoTNTA, dnpiovpyolvTal ETTITTAOV Ol oLXVOTNTES 2f, 3f,
4f, kTA. H apxikj ouxvéTnTa ovopdletal Baoikn rj OepeMiwddng ouxvoTn-
TA, €V 01 TMOAATAACIEG TNG OULXVOTNTES, OVOUALOVTOI GPHOVIKEG.
Eidik6TepQ, N 2f ovopdleTarl 6eUTepn appovikr, n 3f TpITn APUOVIKY], K.0.K.

O1 816popeG APHOVIKEG GUVIOTWOES TTOL TTEPIEXOVTAI O £V GHPOL ITTO-
POUVV VO eVTOTTIOOOUVV KOI VO HETPNOOUV XPNOIHOTTOIVTOG GUVTOVIOHEVO
@idTpa oTevAg Cadvns. To piATpo ouvToviCel o€ pia deSOPEVN APHOVIKH KOl
TO ofjpa €660V ToL £Xel TNV BIX OL-XVETNTA. AV I EVIOXUOT TOL PIATPOL
givon povada, To TAGTOG TNG £€6660L TOL ATTOTEAEN TO TTAGTOG TG dedO-
HEVNG OPHOVIKAS.

YTT&pXouV eHTTOPIKEG OLOKEVES (PATHATIKOI AVOAUTEG) TTOU XPNOIHO-
TTOI00V TNV TEXVIKI] OQUTH YIO VO HETPOUVV TNV TTAPOAHOPPWOT). ZTIG TTEPIO-
OOTEPEG TTEPITITWOEIG OI HIKPOTEPEG OE CLUXVOTNTA APHOVIKEG EXOLV PEYOL-
AUTEPO TAGTOG, e ATTOTEAETHO 1) HETPNOT KOI ] GvGALON TNG TTOPAPSP-
PWONG VO ETTIKEVTPWVETAI HOVO OTN 21 KOI 31 OPHOVIKHA.

To Xx.3.10 Oefyvel €va nUITOVIKG OAPO V, TTOU EQOPUOLETAI, KOTK
oeIpQ, 0€ dVO KUKADHOTO TTOU €XOULV HI YPOHHIKEG XOPOAKTNPIOTIKES
KOUTTOAEG peTAPOPGS. To pebpa €660V o€ KGO TTEPITTTWON PTTOPEl V&
oxedlaoTel Ypa@IKG yio dedOpEVN KOPTTOAN peTOPOPAS. XT0 2X.3.10 & TO
onpeio AsiTovpyiag Q Ko To TTAGTOG TOU OFHATOS £ival TETOIX WDOTE TO
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OfHO VO OTTAOXOAEN HOVO TO KATW THAHO THS XOPOKTNPIOTIKAG KOAHTTOANG.
AtroTéAeopa eival 6TI To Ofpa GUPTTIECETAI OTO KATW PEPOS TOL. AV OH®WS
ovpTrepIAapBévovTal kal Ta 6V0 (Gvw Kol KATW) KOPTTOAS THAHOTO TS
XOPOKTNPIOTIKAS, TO OfHX CLPTTIECETOI KOI OTIG SUO KOPLUPES TOU.

210 610 oXAHa gikoviCovTal Kol Ta ORPATA €§660V. ZTNV TTPWTN TrEPI-
TITWON LTTAPXEl EVTOVA 1 21 GPHOVIKH) OLVIOTMOOX HE OTTOTEAECHO TO
ofjpa €§660L va €Xel TN HOPPF] TOL CLVIOTAHEVOL OAHATOS TTOL dEYVEl TO
oxfjpa. H avrioTorxn mapapép@won ovopdleTal MUPAHOPpP®an GpTiag
APHOVIKHG. ZTn 21 TepimTwan oTnyv €060 ep@avifeTon pe peydAo TAG-
TOG 1 31 GPHOVIKN HE ATTOTEAEOHQ TO GUVIOTGHEVO OPG VX €XEI TN HOPPH
0L deivel TO OXApPA. AUTS TO OXAHO TTAPAHOPPWONG OVOPGCETAI TIAPO-
POPPWOT MEPITTHG GPHOVIKAS.

OUVIOTAPEVO O

BepeNdONg (f)
2n appoviki (2f)

/Ly AN
0 i i Upe

BepeMiddNg (f)

OULVIOTGHEVO OO
oVl H nH

wt

3n appovikr (3f)

Zxrjpa 3.10.  [Nopaudpeworn) 2nG Kail 3nG apuovIKG
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3.7 Mapapo@won oToug eviouTég push-pull

‘Otav oAwvetal oe T&&N A, o evioxuTig push-pull €xer To 16iwpa 6T
Telvel va eE0LOETEPWTEI TNV TTAPAHOPPWOT TWV TTEPITTWV APHOVIKDV.
AuT6 ogeideTan 0TO OTI Ta dVO TpavlioTop AeiToUpyoUV pe dlopop&
pdong 180., woTe 6Tav 01O €va TpavlioTop To Ofpa gival oTn PEYIOTN
BeTIKA TOL TIPA 0TO GAAO givan oTn p€YIOTH apvnTIKA Tov. To Xx.3.11 dei-
XVEI pOvo T 6e0TEPN ApHOVIKA. APOU TO i, APAIPEITAI ATTO TO i, OTTWG
eidape 611 oupPaivel otnv £€€0d0 Touv push-pull, o1 appovikég TTov Paivo-
vTal 0To oxfpa aAAnAo-e§ovdeTepdvovTal, Eved oI BEPeNIDSEIS CLVIOT®-
0€G (TTov €XouvVv Bacikf cUXVOTNTO) TTPOCTIBEVTAI.

H e€ovdeTépwan avTh YivETOl POVO YIO TIG GPTIEG APHOVIKES, OXI OpWS
KOl YIO TIG TIEPITTEG APHOVIKES. To XX.3.12 deiyvel, yiati dev e€ovdeTep-
VOVTQI Ol TIEPITTEG GPHOVIKEG, OI OTTOIEG VOl TTPOOOETIKEG PHETOED TOUG
OTTWG KOl 0l BEPENIDOEIG OLVIOTWOES.

wt

T

Zxrjpa 3.11.  Emidpaon ng diagpopds edong 180° orig
ApTieg appovIkES NG §660 Tou push-pull
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H e€oudeTépwon Twv GPTIWV APHOVIKWOV ATTOTEAE] ONUAVTIKG TTAEOVE-
KTNHO TV evi-oxuTOV push-pull Taéng A og obykpion pe TOUG eVIOXUTEG
evog TpavdioTop. H BeA-Tiwon Spwg auTh emTUYXAVETAI OAOKANPWTIKG,
povo av Ta 6vo TpaviioTop Tou push-pull €xouvv Tig idieg YapakTnPIOTI-
KEG. AV Ol XOPOKTNPIOTIKEG TOUG Oev eivan akpIfdg idieg, n e€ovdeTépwon
dev eival TTARPNG KO ATTOPEVET KATTOIO TTAPAHOPPwan oTnv ££060.

ic, ic,

O\ N )

Zyijpa 3.12.  Eupadvion g S1agopds pdong 0° oTIG TEPITTEG APUOVIKES TG e§660V
Tou push-pull

‘Otav o1 evioxuTég push-pull Aeitovpyolv oe Ta€n B d¢ Ba rpétrer va
Anopovolpe Tnv 0TTapén TnNg MAPAPOPPWONGS SIAGTAVPWONS TTOL AVa-
TTOEOpE RO oTNV evéTnTa 3.5.

3.8 BaOpideg 06ynong

‘OTtav o evioxuTAg €£660L eivan peyGAng 10x00G TrpETrel ka1 Badpida
O1éyepong | 0dAynons Tou va gival emriong evioxVTpia 10XV0G, WOTE VA
dwoel Tnv erapkn 10x0 di€yepong e10660v. ZuviBwg, yio Babuido 06iyn-
ong XPNOIHOTIoIEITaI EVIOXUTHS 10X00G 08 TA&EN A.

To Xx.3.13 defyver pia T€Tol 06nyo Babuida. H £€€060g Tng Babpidag
€Xel HETAOXNHOTIOTH pe peaaior Ay 1ou dieyeipel Tn Babpida push-pull
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e€6dov. O petaoxnpaTioTrs €660V vTTOAOYICETON, WOTE N QvVTIOTOON
TTOL AVAKAGTAI OTO TIPWTEVOV v Oivel &ploTn TIPA R, 0TO GUAAEKTN TNg
Babpidag 0driynons. O peTaoxnpaTIoTAS £€6600L divel duo orjpaTa pe dia-
op& pdong 180. yio T diéyepon g Padpidag push-pull e€660v.

O + Ve

Zxrjpa 3.13.  BaBuida obrjynong oe 16én A pe 06levén petaoxnuatiorr

To Xx.3.14 6efxvel Suo KUKADHATA 06YNONG TTOL XPNOIHOTIOIOUV £V
oe0TEPO TPOTTO OV eVLENG, dNA. Gpeon ovlevén. Kai Ta 600 KUKADpOTO
dnpiovpyoby otnv £6odo dvo Bl ofparta Ta otoia €xouv Siopopd
@dong 180. atrd TO A €10660L (AVTIOTPOPH PAong). To KOKAWHO TOu
>x.3.14a moapovoidlel pikpr avtioTaon e£6dov, evad auTd Tou Xx.3.14 3
TapovolGel HeYGAN avTioTaon ££660v.

Zxfjpa 3.14.  O6{ynong e avrioTpoprig paong Ko dueon ovlevén



74 ANAAOTIKA HAEKTPONIKA

3.9 EvioXUTEG CUPTIANPWHATIKIG CUPPETPIOG

“Evag evioxuTAg propei va Aeitovpyrjoel oav evioxuTig push-pull xwpig
HETOOXNHOATIOTEG OV XPNOIHOTIOIRGOVHE 600 TPAVIOTOP GUUTIANPWHOTI-
KAS OLHHETPIOG. ZUPTANPWHATIKH CUPHETPIa €xoupe 6Tav oTo (eUyog
Twv TpaviioTop Tou push-pull To éva TpavlioTop eivon TOTTOL npn, £ve
TO GAAo eival TOTTOL pnp. To TTAEOVEKTNA TNG OUUTTANPWUATIKIG OUMLIE-
TpIOG gival, O,T1 oTa TpAviioTop XPEIACeTal Evar HOVO Orjpa €l0060V, O
avTiBeon pe T TUTTIKA KUKAWPATA, oTa otroia xpeidlovtar dvo eioodol
ONUATWV TTOL TTPETTEI va XYoLy S1agopa pdong 180°.

To kOKAwpa Tov Xx.3.15 befxvel TNV apx 6pGoNG CUUTIANPWHATIKAG
OUPHETPIOG, OTOl OTTOIN TO OO €106060V TPOPOOOTEl TTAPGAANAGL  TIG
€10660VG Twv TpaviioTop. H BeTIK nuiITTepiodog Tou orfjpaTog 10660V
KAVEl aydyIpo To TPav{ioTop npn Kol TO OETIKG NUIKLPO TOU CAPATOS
€10660V ep@aviCeTal eViIOXUpEVO a0TO QopTio R. MeTaly e10660v-e£660L
dev LTTAPYEI Kapior dlopop& Paong.

+Vee
O—e
IUi R I Uo
~Vcc

Zxfjpa 3.15.  Evioxutng push-pull ooumAnpwpatikic oupueTpiag (apxn)

‘Otav TOpa To GApPa €10600V YIVETAI APVNTIKG, TOTE YIVETOI OyWYIHO
To TpavioTop pnp Kol oTnv £€6080 P@PAVICETOI EVIOXUHEVO TO GPVNTIKOG
NHUIKLPA TNG TAONG €10660V. ZNHEIDOTE OTI, 6TAV OTNV €iI0060 OEV LTTGP-
Xel ofpa 6ev KukAo@opel pebpa HEoo amé Ta TPAVEIOTOP KOl OUVETT™S
€xoupe evioxuTr] push-pull Tééng B.

To Xx.3.16 befxvel éva TPakTIKG KOKAwpa evioxuTh push-pull oupTrAn-
PWHOTIKAG OLPPETPIOG oe TGEN AB. O1 avtioTdoelg R, mpétrer va eivai
HIKPES Y1 va atro@eUyeTan LTTORIBACPOS Tou OHATOS £10660L. To Pop-
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Tio R (peydpwvo) prropei va ouvoeBer eite ot evBeiag (Gpeon ovlevén)
€iTe vor TTPOOOPHOOBel pe peTaoxnpaTtioty €§6dov. O avTtioTdoelg R,
pTTOpel VO QvTIKATOOTOOOUV pe O1600VG, TTOAWHEVEG KATA Tnv 0pbn
POpQ&, yIo var €XoLPE KOAUTEPN OTABEPOTTOMOT TAONS.

* : O+ Ve

L.

Zxrjpa 3.16.  [pakTIKG KUKAwua evioxutrj push-pull e ovoutAnpwpaTiky eutreipia

—Vec

3.10 EvioxXUTEG 10X00G 0€ OAOKANPWHEVO KOKAWPO

210 guméplo eivar dIGBEaIPN TTOIKIAIN OAOKANPWHEVWV KUKAWHATWV
(IC) 1ouv AeiToupyolv WG €VIOXLTEG 10X00G. TNV TTAPAYPOPO OUTH
TTAPOLOIALOVHE, WG XOPOKTN-PIOTIKG TTAPGOEIYHQ, TOV VIOXULTH 10X00G
aKOLOTIKWV ouvxvoTATWY LM380 Tng National Sem. Co. kai divovpe pia
OUVTOHN TTEPIYPOPH TWV LPPISIKOV EVIOXUTWOV 10X0V0G pe PEYIOTN 10X0
££660L 100 W.

To LM380 eivan évag evioxuTAS 10X0U0G OKOLVOTIKWV GUXVOTHTWV TTOU
oiver 10x0 €€660v 2.5 W (rms) oe @épTo R =8 Q. To IC auTd XpeidleTal
évav eAGXIOTO apIOPS e€wTepikV aToIXeElwV yia va Asitovpyrfoel. Ol
KOpIEG £TMIOS0EIG TOL Eivan:

* EowTepik oTabepr amoAafn Tdong 50 (34 dB).
* “E€odo auTdpara odnyodpevn 0TO HIGO TNG TAONG TPOPOOOTIOG.
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* TpooTooia Tng €§660V aTd PPOXUKOKAWHO HE E0WTEPIKG OEPHIKO
TTEPIOPIOHO.

* BaBpida €10660V TTOL ETITPETTEI OTI§ EI06O0VG VA YEIWVOVTOI 1 Vo
TiBevTan o€ ac 00U evd.

*  EUpog {wdvng SiéAevong ouxvoTiTwy 100 kHz.

*  MikpA mopapdppwon (Tng T&ENS Touv 0.2%).

To Xx.3.17 deivel TOUG OKPOOEKTES, TO SOHIKS SIGrypappa Kol TO oXn-
HaTIKG di1Grypoppa Tou LM380.

3.10.1 Meprypagr Tov KukAwparog Tov LM380

‘Omrwg deiyvel To OXNHATIKG KUKAWHOATIKG SiGrypappa Tov LM380 arro-
TeAelTan atmd Téooepig Babpides: "Evav akdAovbo ekmroutrou pnp, éva dia-
(POPIKG EVIOYUTH KOl VO OUUTTANPUWHATIKO AKGAOVOO EKTTOUTTOU.

Bypass II U EI +V

N 3 e LA
o< [4  1m380 11 GND M 3868 o
6
B 1 o |
input
in[!)r:{ 6 EINC P &
Ground Iz EI Vo Ground Ground

14-pin DIP packet

() B)
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f Current mirror
QN
| Q7/I
\
25 kQ
Rs
Bypass O——— > Rs NN
(1) 25K
25 kQ
~ R4 G
—AAAN\— I Qn
Inv. 1kQ 10 pF
input Noninv.
u_n Q Q4 * input
O—t Q ’ Q2 >|—>—()”+”
,,,,,,,,,,,,,,,,,,, | @  L—KQ, Qi
| K S R ; R, <150 kQ)
150 k0§ Ry | ! Q | ? § O
1 : Ground
| —KaQs 3, 4,5,
3 i 10,11, 12)

Zxrjpa 3.17.

@)
Ground (c)

KUKAWWATIKG SIGYpOULQ)

EvioxuTiig 10x00G LM380. (AKpobEKTEG, SOUIKG SIYpOUQ;, Kai

H Bobpida e10660vL eivan €vag ak6AoVB0G EKTTOPTTON O OTTOI0G TTOTE-
Aeitar amré Ta TpaviioTop Q, kal Q,, kol 0dnyel To diagopikd evyog pnp
Q,-Q,. H katéAAnAn emidoyn Twv TpaviioTop €10650v pnp Q, kai Q, eTTi-
TPETTEl OTNV €/0000 VO avOPEPETAl WG TTPOG YN £TOI TO OFjHO £106d0L
ptropei am’ evBeiag va oLLELYVUETA EITE TIPOG TNV AVOOTPEPOLOA €I00-
60 (OKPOOEKTNG 6) EITE TTPOG TN PN-OVOOTPEPOVOX £I0000 (AKPOOEKTNG 2)

TOU EVIOXUTH.

To kavoviké pebpa oTo Olagopiké Cevyog pnp Q,-Q, dnpiovpyeiTal
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amé 1o ovvdvaops Q,, R, kai +V .. To KATOTITPIKG peVpO TTOL dNHIoLP-
yeiTan amd Ta Tpavdiotop Q,, Q, KOI TA AVTIOTOIXX OTOIXEI TOLG TTAPG-
Y&l To peVpa OLUAAEKTN Tov Q,. Ta TpaviioTop Q, ka1 Q, dnpiovpyolv Ta
peVPATA GUAAEKTN TOL Siagopikol evyoug pnp. H €6060g Tou diagopi-
KoU evioxuTh Tov e&eTdlovpe AapBéveTal aré TNV Evwaon Twv Tpavdi-
otop Q, ka1 Q, kal gvioxOeTal oav £i0000G TNG evioXLTIKAS Babpidag
TAONG TOU KOIVOU EK-TTOPTTOU TTOU GKOAOUOET.

AuTH N evioxuTikfp BaBuidor KOIVOU EKTTOPTIOU OTTOTEAEITAI TG TX
TpaviioTop Q,, Tig di6dovg D, kal D, kar To Q, wg TNy pevHATOS POpP-
Tov. O mukvwTAS C, petalld Tng Pdong kai Tou OLAAEKTN Tov Q,,
onpiovpyel eowTEPIKY avTIOTAOHION Kal BonBdel T diaTripnon TG Gvw
ouXVOTNTOG aTOKOTAG g 100 kHz pe 10x0 £€660L 2 W yia @pdpTo 8 Q).
Emeid Ta Q, kai Q, oxnpaTifouv £va KATOTITPO PEVPATOG, TO PEVHX
péow Twv D, ko D, eival pooeyyloTikG To 1010 pe TO pedpa Tng R,.
EmimAéov, Ta D, kai D, Asitoupyolv kal wg diodor avTioTaOpIong Beppo-
kpaoiog yia Ta TpaviioTop Q,, kai Q,, emeidf) Ta D, kai D, £xouv Tar idix
XOPOKTNPIOTIK& pe Tn di0do Bdons-ekmroptrol Touv Q,,. Emopévwg, To
pebpa p€ow TOL Q,, KO TOL GLVOLAOPOL Twv Q,-Q,, eival TTPOCEYYIOTI-
K& {00 pe To pebpa péow Twv d16dwv D, kai D,.

H Babpida e€66ov Touv ovptAnpwpaTiKob (ebyoug Tou akéAovBou
EKTTOPTTOU aTroTeAeiTal ad T TpaviioTop npn Q,, ka1 Q,,. TNV Tpay-
HATIKOTNTA, O OLVOLAOHOS Tou TpaviioTop pnp Q,, kKal Tou TpaviioTop
npn Q,, £X&l TNV IKAVOTNTO TNG TTOPOXHS 10XV0G evég Tpav{ioTop npn
OAAG KOl TOL XOPOKTNPIOTIKG £MIO60EWV £vOG TpavlioTop pnp.

ASYw TNnG KATGAANANG d1evBETNONG TNG Padpidag e€6dov, n TGon npe-
piag otnv €§6d0 eival n pior Tng Tdong Tpogpodoaiag (+V ). EmmmAéoy, n
apvnTik dc avaoblevén ou epappdleTal péow Tng R, e§iooppotrel Tov
evoIGpedo d1aopIKS evioxuTh, €10l WOoTe N dc TGon otnv €6060 va oTO-
BepotroieiTan otnv TP +V /2. Ta va atrolev&ovpe Tn Pabpida e10660L
amé TNV TGOoN TPOPodooiag +V ., oLVOEETAI €vag TTUKVWTAS amrélevéng
NS T&ENS Twv PF peTadd Tou akpodEKTN arélevéng (aKkpPodEKTNS 1) Kail
NS YNS (akpodékTng 7). H oAk eowTepikr evioxvon (atroAapr]) Té&ong
TOUL &VI-OXUTH eival KT apxr] oTaBepr oTnV TiPA 50, GAAG, OTIS eappO-
YES ptropel var av&nBel XpnolpoTroidvTag BeTIKA avaoblevdn, 6TTwg Ba
do0pe TTI0 KATW.
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3-10.2 Egpappoyég Tou LM380

To Xx.3.18 defxvel évav atmAd evioxuTH 10X00G AKOUOTIKWV CUXVOTH-
TV wG TNV o Pooiki epappoy Tov LM380. Omwg @aiveTal oTO
OXHO, 0 eVIOXUTHS XpeIGleTal Aiya e€mTePIKG OTOIXEIX AGYW TNG EOWTE-
PIKAS TTOAWONG, avTIOTAOHIONS Kal 0TaBEPS evioxvons. ‘OTav o evioxu-
TAS XPNOIHOTIOIEITOI XWPIG AVOOTPOPL, O AVAOTPEPWY AKPOSEKTNG PTTO-
pel vo YelwOel, | va ouvdeBel pe TN yn pé€ow HIOG avTioTaong 1 £vog
TTUKVWTH €ITE VO QPEBEN AVOIKTOG, OTTWS PAIVETOI OTO TO OXHA. Opoiws,
OTOV O EVIOXUTHG XPNOIHOTIOIEITOI XWPIG AVOIOTPOPH, O HN-OVOOTPEPWV
OKPOOEKTNG PTTOPET VO BParXUKUKAWOET TTpOg 0N Y €iTe Vo YEIwBel pEow
pI0G avTioTaong f €veg TTUKVWTH. ZuvABwS, av n Ty €16660v £XEl
VPYNAR E0WTEPIKT AVTIOTAON OLVOEOLPE Evav TTUKVWTH PETASD TOL avar-
OTPEPOVTA OKPOOEKTN KAl TNG YNS. Z€ OTTOIAOATIOTE OPWS CLVOETHOAOYIT
N Téon +V,. TPETel va ammooulevxBel oLUVOEOVTAG Evav TTUKVWTH HETAED
TOL AKPOOEKTN +V . (0kpodEKTNG 14) Kau TNG YNGS. Etriong, xpnoipoTtrolov-
pe évar ouvovaopd RC oTov akpodEKTN €660V (aKPOdEKTNG 8) YIa var e€ar-
Aeiipoupe TUXOV TOAAVTWOEIG 5 €wg 10 MHz, 1d1aiTepa o€ evaiobnTa RF
oToIxela.

o+ VCC (+15V)

TTUKVDTAS aT6levéng
C2 100 nF

2 ! 1

4 C

14
+I |- Meydpwvo
100 nF 8Q

2,70

Ui=0,1V,, —p 7

R

YIO OTAOOEPOTNTO
0€ PEYGAQ C

pevpaTa PAPTOL 100 nF

T

Zxrjpa 3.18.  Evioyutng 10Y00G OKOUOTIKWV OUXVOTHTWV ue TO0 LM380

MoAovéTi n evioxvon Tou LM380 eivan eowTepiké oTabep (50 § CdB),
ptropel vor cAA&EEL XpNOIHOTIOIDVTOG £EWTEPIKG OTOIXEIX. MTTOpOUpE VO



80

ANAAOTIKA HAEKTPONIKA

emTOYOLHE evioxvon péxpl 300 XPnOIHOTIOIOVTAS BETIK) avaoulevén.
M.x. 1o Xx.3.19 o deixver To LM380 pe evioxvon 200 XpnOIHOTTOIOVTOG
BeTIkr avaoVlevén. To Xx.3.19 B deiyvel LM380 pe peTafAnTr evioxvon
pEXP! 50 pe TN aTTAr TEXVIKA TNS XPNOIHOTIOMONG TTOTEVOIOHETPOU PETO-
€0 TwV AKPOOEKTWV £IGGO0UL.

O+ VCC (+15V)

e
; czlzoo nF
6 L

e

B 14 G
+ +1-
U IM380 O ’ |}
‘ 2 500 nF
R>2,7Q
-
C_!_100nF
R, 4
AWW
1 MQ
C,o-  RiS15KQ
24 pF
(o)
O+VCC
1
] CzIzoonF
. . 6l 14 C
2 MQ T
%R\, IM380 O . |}
2l 500 nF
RS2,70
i
€= 100 nF
4
B)

Zxripa 3.19.

e

EvioyuTiig LM380 pe BeTiki] yia €éAeyxo TnG evioxuorig Tou
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To Xx.3.20 Oefvel pIX £papHOY TTOU XPEIGEETAl TTEPIOOOTEPN 10X0
o’ auTh Tov &ivel pévo Eva LM380. Edw, §0o LM380 xpnoipotroinovvrai
o€ guvdeopoloyia YEQupag kdoTe va dwoovy peyoAUTepn 10X0. M” auTh
TN ouvdeopoloyia n T&on ££660L eivan HITTAGOI AT €KEvV TOL EVIOYUL-
TH pe éva LM380 kai emTopévmwg n 100G TTOU HETOPEPETAI OTO POPTIO
eivon TeTpammAdoia. To vo €xouvpe PBeATiwon Tng OLPTTEPIPOPES TOL
KUKAWHOTOG, XPNOIPOTIOIEITAI TTOTEVOIOHETPO YIa va e§lo0ppoTrel Tig
Téoeig otV €6060 offset Tov LM380.

O+ Ve O+ Vec
< r
C, - C, -
100 nF_L_ 100 nF_L_
1 R, o
. . o szy\(/)\’ __ \ A 1 d’
14 12 100 nF !
+ 51pF : :
M e 2T M 380 . LM 380
6
U Ry
MWW
1MQ

Zxrjpa 3.18.  Evioyutrig pe ouvvbeopoloyia yépupag Tov LM380 yia avénon tng ioxiog

3.10.3 ANa OAokAnpwpéva loxvog - YBpidikoi EvioxuTég loxvog

EkT6G 16 To LM380 vtréipyouv Ko GAAG OAOKANPWHEVA KUKADHPATO
IC evioXuT®V 10Y00G, 6TTwG To LM377 (81TTAS), To LM378 (6111Ad) Kou dI1&-
popa GAa pe diagpopeg 10xelg e§6dov. O dITTAGS evioxuTHg 10xV0G LM377,
o otroiog diver 2 W /kavéii, Xpnol-HOTIOIEITOI WG OTEPEOPWVIKGG EVIOXL-
TAS, YI& KAOETOPWVA KOl KATAYPAPIKGE GPYOvVal KO YIO OTEPEOPWVIKOUS
eVIOXUTEG AM-FM.

Mo epoppoYES TTOL aTTaITETON PEYOAUTEPN 10XVS 6660V TG AU TH TTOU
ptropoUpe va Tréipouvpe oté Ta IC, XpnoipotroloVpe UBPISIKOUG EVIOXUTEG
10X00G, 6nA. eVIOXUTEG TTOU GUVOLALOLV BIGKPITO KO OAOKANPWHEVO KUKAW-
pa. Tétoia eivan, .X. ot Intersil ICH8510/8520/8530, Tou oxedIGOTNKAV VO
oivouv 1, 2 kau 2.8 A, avtioTorxa, yio Tdon e€6douv 24 V. ‘OMoi o1 evVIoXUTEG
auTOol £XOLV TTPOOTOCIO ETTIOTPOPIG HE ECWTEPIKO TTEPIOPIOPO 10XVOG KOl



82 ANAAOTIKA HAEKTPONIKA

TTPOOTOOICN BPOXUKUKADHATOS G TTPOs TN YN. K&Oe evioxuTrig €xel dc evi-
oxvon 10° (100 dB), eOWTEPIKA QVTIOTGOION OUXVOTNTOS KOl NAEKTPIKG
OTTOPOVWHEVO TrEPIBANpG TTOL ETITPETTEI EDKOAN atraywyr BeppoTnTOS. Ol
d1aTGEEIG AUTEG XPNOIPOTIOIOVVTAI ETTIONG KAl YO VO 00N YHOOLV NAEKTPO-
VIKEG Auxvieg, owAnvoeidr push-pull kar kivnTpes dc kan ac.

ANO €va KAGOOIKS TTapdderypa u3pidikol evioxuTr 10X00g eival auTog
TNnS Burr-Brown, o 3573, o otroiog 6ivel 100 W kopugris ; 40 W cuvexr 10x0
e€6dov. 'OTav TpopodoTeiTal pe TGoN Tpogodoaiog = 28 V, divel = 5 A
eAGXI0TO peVHA KOPLPRS OTa + 20 V (40 V p-p) oTO POPTIO. TO KOKAWHO
QAUTO €XEl EOMTEPIKH AVTIOTAOHION OLXVOTNTOG HE KOAK XOPOKTNPIOTIKG
TTAPAPOPPWONG KAl HIKPO KOO TOS.

AZKHZEIX

3-1. "Evog evIOXUTHS 10X00G XPNOIHOTIOIEl HETOOXNHOTIOTH HE AGYO HETO-
oxnHoTiopoL 10 kai peydgpwvo 4 Q). Na Bpebel n avakAdpevn avTi-
OTOON OTO TTPWTEVOV TO HETAOXNHUATIOTH.

3-2. 'Evag evioxuThg 10x00g €xel avtioTaon €§66ov 2 KO kal xpnoipo-
Troiel peydpmwvo 8 Q. Na Ppebei o Adyog HETAOXNHOTIOHOV TOU
HETOOXNHOTIOTHYIQ GPIOTN TIPOCOPHOYH.

3-3. "Evag evioxuTHG 10X00G €xel avakAwpevn avTioTaon 4.8 KQ kal Adyo
peTaoxnpaTiopoL 20. Na Bpebei n avTioTaon TOL HEYOEPWVOL TOU.

3-4. Na emAeyei T0 KATGAANAO TpavlioTop 10X00G O eVIOXUTH XWPIS
HETOOXNHOTIOTH, TTOL TpogodoTeiTal e TEON Tpogodooiag +15 V
Kol O1EYelpel POpTOo 4 (), Y1 va LTTAPXEI HEYIOTN aTTédoOoN.

3-5. "Evog evioxuTig push-pull T&éng B, pe petaoxnpartioTy €xer 10x0 ac
2 W, R=4 Qkai V=15 V. Na emiAeyel éva katéAAnAo TpavdioTop.



