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— MPOAOIOz —

To BiBAio auto ypdetnke auupwva ue Tnv UAn mou kaBdpiae 1o Ymoupyeio EBVIKAC
MNaideiag kar Bpnokeupdrwy yia 1n d1dackalia Tou pabnuaros "KukAwuara ouve-
XoU¢ Kai evaAdacaduevou peduarog" aotnv A” 1aén tou 1ou KukAou HAgkTpovikoU
Touéa twv TEE, ora mAaioia tng Ekmraideutikng Metappubuiong.

H 0An autn Eekiva ammo 11 TOAU BACIKES EVVOIEC TOU NAEKTPICLIOU (OTATIKOS NAEKTPI-
OUOG, OUVAUIKOS NAEKTPIOUOC) , TTEPVA QTTO TO CUVEXEC pEUUQ, TO LUayvnTIKO 1TEdIO,
TOUC TTUKVWITEG, Ta TInvia, 10 evaAAaooousvo peoua, 1a ueTafarikd @aivoueva Kai
KataAnyer oTiS NAEKTPIKES UNXAVES.

Baogikog oroxog Tou BiAiou gival va Tpoo@épegl oTo HadnTn TISC AmaApaiTNTES
YVWOEIS KAl TEXVIKES TWV NAEKTPIKWY KUKAWNATWY yia Thv mTapakoAoubnon
dAAwv mio eIdikeupévwy Habnudrwy tng 18IKOTNTAS TOU Kai BéLaia TiIS yvw-
OEIC TTOU Ba TOoU XPpEIacTOoUV KATOTTIV OTNV AOKNON TOU ETAyyEAUATOC TOU.

161aitepn mpoomaBeia karafBAnbnke aro va yivouv Ta didpopa avrikeiueva 600 10 du-
varTov 1o ammAd kai karavontd, xwpic euaika va {nuiwbsi n opOdTnTd Toug. Erol, n
TEPIYPAPH KAl EPUNVEIA TWV BIAPOPWY QAIVOUEVWY OEV ATTOTEAEI AUTOOKOTTO OTTWS
orn didaokaldia Puaikng, aAAd o uéoo yia va @Bdaaoel o uabnrig auvioua Kai e Ta
amapaitnTa €pOdIa OTIC TTPAKTIKES EQAPLOYES.

Eadv An@6si utr’ dwn o xpdvog mou ypdernke Kai ek6oBnke 1o LBiBAio auto, Ba el
va utr@pyouv TepIBwpia 810p0wWaNS TUTTOYPAPIKWY K.A.TT. AaBwv, OTTw¢ Kai BEATI-
woswv aTnv mmapouadiaan tn¢ UAng. Emouévwg ivar eurmpoodekTn KaBe utrddeién
TPOC TNV KaTeUBuvaon auth ammo KabnynTtés Kai ammo uabnTég.

O1 ouyypageic
ABnva, AskéuBpiog 1999
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KE®DAAAIO

BAZIKA HAEKTPIKA
MEreeoH - MONAAEZ

Eicaywyn

H HeAETN TS CUUTTEPIPOPAS TWV NAEKTOIKWY KUKAWUATWVY QTTaITEl TN YVwon
TwV BACIKWY EVVOIWV Kal QaIvouEvVwy Tou HAEKTPIKOU. 2TO KEQaAaio auto
TTEQIYPAQPOVTAI CUVOTTTIKA, N AAANAETTIOPacn Twv NAEKTPIKWY QopPTIWV N £p-
unveia TnS @OPTIoNS Kail EKQYOPTIONS TWV CWUATWY, T XAPAKTNPIOTIKA TOU
NAEKTPIKOU PEULATOC, N EVEPYEIQ KAl 1 ICXUS TOU NAEKTPIKOU PEULATOC.

2TOX0¢ auTtoU ToU KEpaAdiou givail va utrevluuioel Ta Lacika QUOIKA LeyEOn
TOU OTaTIKOU Kal TOU QUVAIKOU NAEKTPIOLIOU KABWS KAl TIS [JOVADES TOUG.




8 ¢ KEDAANAIO 1

1-1. ZToIXEia OTATIKOU NAEKTPICHOU

1-1.1. HAeKTPIKO QOpPTIO

MpwTog 0 OaAng o MIAACI0¢ dIATTIOTWOE TTWG TO KEXPIUTTAPI 6TaV TPIiRE-
Tal o€ HAAAIVO U@aopa atmokTé Tnv 1I010TNTa va €AKEl TPIXES, MIKPA Tepdxia
OéppaTtog KA. Ta @aIvOuEVA auTd OVOUGOTNKAV NAEKTPIKG @aivoueva atmod
TNV apyxaia ovopagia Tou KeXPIMTTapIoU «AAEKTpo». Na va gpunveuTtouv 1A
NAEKTPIKA @aivopeva, €yive aTTodEKTH N UTTapén £vog QUOIKOU peyEBOUG TTou
OVOUAOTNKE NAEKTPIKO QopTio. AlaTTIoTWONKE TTWG 0 €BoviTng, éTav TPiReTal O€
HAAAIVO Ugpaoua, atmokTd NAEKTPIKO @opTio. MNapaTtnpndnke, TTwe étav TTANGCI-
daocouv duo pdaBRdol eBovitn TTou gival NAeKTpIoPEévES aTTwBouvTal. Opoiwg TO
YUOAI nAexTpiCeTal, otav Tpipetal o€ petagévio u@aaua. OTtav TAnaidoouv uia
NAEKTPIOPEVN PAROOG aTTd €BOVITN Kal Pia NAEKTPIOPEVN PARSOG aTTO YUOAI €A-
KovTal. ATTO TIG TTapaTTdvw TTapaTnpAoEIS ByNKE TO CUPTTEPACUA TTWG UTTAP-
Xouv dU0 10wV QopTia autd Tou gpovitn étav TpiBeTal ae JAAAIVO UQacua Kal
auTto Tou yuaAioU otav TpifeTal o€ PeTagEvio U@Aopa. To TTPWTO OVOUAOTNKE
apvnTiKo Kail To deUTEPO BeTikd. ETTiong £yive @avepd WG TA OPJWVUHA QopPTia
ammwBouvTal, evw Ta €TEPWVUMA EAKovTal. H pyovada Tou NAEKTpIKOU OopTiou
oTo ouoTtnua S.I gival To Coulomb Tou o1roiou 0 opIoHOG Ba d0B¢i o€ eTTOPEVN
TTapAypa@Po.

1-1.2. Népog Tou Coulomb

Omtwg éxel avaeepBbei petafu dUo QopTiwy aokouvTal OUVAMEIG EAKTIKEG i
ammwoTIkEG. O TTPWTOG TTOU PEAETNOE AUTEG TIG Buvauelg ATav o Coulomb kail dia-
TUTTWOE TO YVWOTO VOUO, TTou QEPEI TO dvopa Tou. MapdTi peTagl dUO nAeKTp-
KWV QopTiwv uttdpxel TTavta aAAnAeTTidpaan, o vouog Tou Coulomb dev 1oxUel
VEVIKA yIa KABe @opTio, aAAd yia onuEIaKd QopTia 1 yia QOopTIoNEVA CUWPATA
TTOU £X0UV oYU 0Paipag.

Q Znuelakd @opTio ovoudleTal KOs popTio TTou o1 SI0CTACEIG TOU gival aot-
MOVTEG O€ OXEON ME TIC AAAEC BIAOTATEIC TTOU UTTAPXOUV OTO TTPORANUQ.

MNa mapddeiypa d0o @opTicuévol KUBoI TTou €xouv akun 0,1 m, étav Bpioko-
vral og améoTtacn 0,3m BewpouvTal YOPTIOUEVA CWHATA, EVW OTAV OTTEXOUV
2m BewpouvTal onuEIoKa QopTia

ZUP@wva Pe 1o vouo tou Coulomb:
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a-
0,3m
2 - @&

Zxnpa 1.1. a) O1 kUBoi givalr NAEKTPIKG QopTICUEVA CWUATa.
B) O1 popricuévor kUPBol Bewpouvral ws onuEIaKd gopTia

Q O1 duvauEeIg TTOU aoKOUVTAl PETAEU BUO ONUEIAKWY NAEKTPIKWY QOPTIWV
éxouv dielBuvon Tnv €uBbegia TTou opileTal aTTd TA QOPTIA, POPA EAKTIKN 1 ATTW-
OTIKA QVTIOTOIXO AV TA QOPTia €ival ETEPWVUNA ] OJwVUPa. To PETPO TRG dUVa-
MNG €ival avaAoyo TOU YIVOUEVOU TwV QOPTIWV Kal avTIOTPOPWS avAaAoyo TTpog
TO TETPAYWVO TNG ATTOOTACHG TOUG.

1 99,
o b 1.1
4me e r? (a1

F F

| |
| r |

2ynua 1.2. AAAnAemmidpacn onueiakwy QopTiwv

O ouvTeAeaTNG €, OVOuAleTal SINAEKTPIKN OTABEPE TOU KEVOU Kai N TIPA TNG
eCaptaral ammd 10 oUCTNUA HOVADdWV.
Eidika o1o S.1 €xel T TIpn:

L ©F
£0=8,851O W (12)

O ouvteAeoTAG € OvopadeTal BINAEKTPIKA OTABEPA TOU HEOOU KAl CAPTATAI
até TN UOoN Tou UAIKOU P€oa OTO OTToio BpiokovTal Ta @opTia Kai gival «kada-

POG apIBUOSY.



10 ¢ KEDAAAIO 1

MoAAEG popég avTi TNG 0TABEPAG €, XPNOIMOTIOIEITAI N NAEKTPIKA OTABEPA K.,
2
1 —g.qpe N
TIE, C

Kai divetal atd TN oxéon K, =

1-3.1. Aopn TG UANG

Ta UNIK& cwpaTa TTou UTTAPXOUV OTN QUON, XwpeilovTal o€ U0 PEYANES KATN-
YOPIEG: TIG XNUIKES OUCIEC KAl TA piyuara.

Q XnuikéG ouaieg ovouadovTal TO CWUATA TwV OTToIWY N ouoTaon €ival TTd-
VTOTE OTABEPN] Kal aveEAPTNTN ATTO TOV TPOTTO TTAPACKEUN G TOUG.

MNa mapadeiypa 1o vepd gival XNUIKH ouaia. Agv UTTApYouUV TTOAA €idn (kaBa-
poU) vepou. OTTwG Kal va £xouv TTapaxBei n ouoTtaon Tou gival TTavroTe n idia.
ATtroteAeital, dnAadn atmd udpoydvo kal o§uyovo og avaloyia palwv 1:8.

Q Miypata ovopddovtal Ta CWPATA TWV OTToIWV N ouoTaon dev gival oTabe-
pn, aAAG e€aptdTal aTrd Tov TPOTTO TTAPOCKEUNRG TOUG.

MNa TTapddelypa 10 aAaToOVEPO €ival Piyua. AANATOVEPO UTTOPEI VA TTAPOCKEUA-
o6¢ei av og 1 Kgr vepd rpooaTeBouv 10gr i 12gr A 20gr aAdr.
O1 XnUIKEG ouaieg xwpifovTal OTa XNUIKG OTOIXEIa KAl OTIG XNIIKES EVWTEIS.

Q Xnuikd oToixeia ovopadovTal ol XNUIKEG OUCIEG Ol OTTOIEG DEV UTTOPOUV VO
dlaoTracBouv o AAAEC aTTAOUCTEPEG.

MNa Tapdadelypa 1o AdwTo ival Xnikd oToixeio. To ddwrto dev ptTopei va dia-
oTTo00¢i 0€ ATTAOUCTEPES OUTIEG.

Q XnuIKEG evwaelg ovopadovTal Ol XNUIKEG OUTIEG TTOU JTTOPOUV va dlooTra-
0BouUv og GAAeG aTTAOUOTEPEG.

MNa TTapdaderypa 10 d10E€idio Tou dvBpaka utTopei va diacTracBei e ofuydvo
kal avBpaka.

Q Ta pikpoTEPA cwHaTIdIa aTTd TA OTToia ATTOTEAEITAI £€va XNUIKO OTOIXEIO
ovopalovTal atopa, dnA. To HIKPOTEPO CwaTidlo udpoydvou TToU UTTOPEl va
uTTapEel gival To ATouo ToUu UBPOYOVOU, OPOIWG TO MIKPOTEPO CwHATIOI0 XpUooU
TTOU PTTOPEI va uTTapEel €ival To ATOPO TOU XPUaoU.

Q Ta piIkpOTEPO CWPATIOIO ATTd TA OTTOIa ATTOTEAEITAI MIO XNMIKF) OuCia Kal
dlaTnpouV TIS 1IB10TNTES TNG ouaiag ovouddovTal Yopla.
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Ta dropa atroteAouvTal aTTd TOV TUPHVA, O OTTOI0G BPIoKETAI OTO KEVTPO TOU
AaTOPOU Kal T NAEKTPOVIQ, TA OTTOIA TTEPICTPEPOVTAI YUPW ATTO TOV TTUPKVA.

O TTUpAVOG aTTOTEAEITAI ATTO TA TTOWTOVIA KAl T VETPOVIA. TA TIPWTOVIA £XOUV
TTepiTToU TNV idla pada pe Ta veTpdvia (eAdxIoTa peyaAUTePn PAla €XOUV TA Ve-
TPOVIA), VW Ta NAEKTPOVIA £xouv pdada Trepitrou 2000 @opég pIkpdTEPN ATTO TN
Mada Tou TTpwWTOViou.

‘Exel S1amoTwOEl TTWG Ta TIPWTOVIA QEPOUV BETIKO QOPTIO, EVW TA NAEKTPOVIO
apvnTIKO, ETTOMEVWG YETAEU TOU TTUPHVA KAl TWV NAEKTPOVIWV AOKOUVTAI EAKTI-
KEG duvapelg Coulomb. To @opTio TTOU PEPOUV Ta TTPWTOVIA €ival iC0 KAT aTTd-
AUTN TIUA PE TO QopTio TTou PEépouv Ta NAekTpovia (1,6 - 10" C). Ta verpovia dev
PEPOUV NAEKTPIKO QopTio.

2€ KGBe ATouo 0 apIBPOS TWV TTPWTOVIWY gival iICOG Ye Tov apiBud Twv nAe-
KTPOViwV Kal £€T01 Ta AToua €ival NAEKTPIKA oudETEPA.

Ta nAekTpOVIa KIVOUVTAl O€ JIAQOPETIKEG TTEPIOXEG YUPW aTTd TOV TTUphvda,
TToU ovouddovtal oToiBAdeg. O PEYIOTOG apPIBUOG NAEKTPOVIWY TTOU UTTAPXOUV
o¢ KGBe oToIBAda cival dlaopeTIkOG, £T01 OTAV TTPWTN oToIBAdA (TTANCIECTEPN
TTPOG TOV TTUPVA) UTTAPYXOUV TO TTOAU 2 nAekTpovia, oTn deuTtepn 8, oTn Tpi-
TN 18, oTnv TéTapTN 32 K.A.TT. TeVIKA 0 YEYIOTOG apPIOUOS TwV NAEKTPOVIWY, Td
oTToia UTTopoUv va UTTApXouv o€ pia oTolfdada divetal atmd 1n aoxéon N = 2n?
omou n =1, 2, 3... H TeAeuTdia dpwg oToIfdda dev PTTOPE va €XEl TTEPICCOTEPA
atmd 8 nAekTpovia, evw n TTpoTeAeuTaia TTEPIoCOTEPA aTrd 18. Ta nAekTpdvia
TToU Bpiokovtal oTnv TeAeuTaia (e§wTepikr) oToIBAda ovoudldovTal nAekTpdvia
oBévouc. Ta nAekTpovia oB€voug gival auTd TTOU CUHPMETEXOUV OTO OXNUATIOUO
XNMIKWYV EVWOEWY Kal OTA OTToI0 OQEiAOVTaAl 01 XNMIKES IDIOTNTEG TWV CTOIXEIWV.

OT1av éva nAekTpovio 0Bévoug attooTTacBei atrd éva ATouo TTPOKUTITEl éva Be-
TIKO 10v. H evépyeia TTou TTpéTTel va doBei ¢° éva NAekTpdvIo oBEvoug yia va aTro-
oTraoBei atmd 10 dTouo ovoudleTal evépyeia ioviopou. H evépyeia 10vIGHOU TTou
ATTAITEITAI yIa VA aTTooTTO00El aTTd £va BETIKO 10V OUTEPO NAEKTPOVIO €ival PEYa-
AUTEPN aTT TNV EVEPYEIQ IOVIOUOU TTOU XPEIACHONKE YIa VO ATTOCTIA0BEl TO TTPWTO
NAEKTPOVIO. H atTdoTTaon Kal TPITOU NAEKTPOVioU gival TTOAU BUCKOAOTEPN.

EKTOG atmd Ta BETIKA 10VTA UTTAPXOUV Kal TA apvNTIKA 10VTA, TTOU OXNPaTi(o-
vTal OTaV £va ATOPOo TTPOCAdBEl Eva eTTi TTAEOV NAEKTPOVIO.

[S1aiTEPO evBIAPEPOV YIa TNV EPUNVEIR TWV NAEKTPIKWY QPOIVOUEVWY TTAPOU-
O14gel N dopr Twv YETAAWY. Ta péTalda atroteAolvTal atrd BeTIKA 1IGVTA TTOU
I0aTTEXOUV. Ta NAeKTPOVIa 0BEVOUG TTOU €XOUV dIa@uyel aTTd Ta ATOUO TWV JE-
TAAAWV KIvOUVTaAl e TUXaio TPOTTO HETQ OTN JAda TOU JETAAAOU Kal ovopadovTal
EAeUBepa nAekTpOVIA.
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1-1.4. POpPTION EVOG CWHATOG

‘Eva owpa TTou dev QEPEl YOPTIO PTTOPET VO POPTIOTEN JE TPEIG TPOTTOUG.

o) Me rpiBn. Ottwg £xel avagepBei otnv TTapdypago 1-1.1., étav 1.x. o £po-
viTng TpiBeTal og JAAAIVO UQACUA QTTOKTA QOPTIO.

B) Mg emapn oc QOPTICUEVO WA, OTTWG @aiveTal oTo oxfpa 1-3. Otav n
a@opTIoTn o@aipa £ABel o€ eTTaQr PE TN QOPTIOUEVN PAROO ATTOKTA POPTIo 0po-
OnMo JE auTd TTou PEPEI N PARdOG.

Zxnua 1.3. Poprion ocwuarog ue emapn

(@)

y) Mg eraywyR. Ottwg @aivetal aTo oxAua 1-4. (a), oTNV KPEPATHEVN aPop-
TIOTN GQaipa eTTAYETAI QOPTIO OTAV TTANCIACEl TN QOPTIOUEVN PaRdog. To cuvo-
NKO @opTio TToU QEPEl N oPaipa TTAPAUEVEI UNOEY, OAAG €xouv dlaXWPIOTEN TA
BeTIKA aTTO TO APVNTIKA QOPTIA, dNAAdN Ta eAsUBepa NAEKTPOVIA TTANCIAZOUV TN
BeTIKA QopTIoNEVN PAROO, £€TOI TNV AVTIBIOUETPIKA TTEPIOXH TNG OPAipAG EUPA-
viCeTal Trepicoeia BeTIKOU QOpTioU.

Etiong, emeidr) 1o apvnTtikd @opTio PpiokeTal TTAnCIEoTEPa O0TN PAERdO, N
o@aipa éAkeTal attd T pdPRdo. Av n oeaipa ocuvdebei Pe TN yn Péow evog aup-
MaTog (yelwdei), TOTE NAeKTPOVIO £PXOVTaAl TTPOG AUTAV ATTO TN YN, UE OTTOTEAE-
OMa VA aTTOKTA apvnTIKO QOPTIO.

TR / =
@ -

Zxnua 1.4. oprion ocwuarog ue emapn
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1-1.5. To nAekTPIKO MEDIiO

‘Exel TTapatnenBei TTw¢ o€ KABe onuEio TOU XWPOU OTO OTToi0 BpioKeTal KA-
TTOIO POPTIO 1] YopTia, av TOTToBeTNBEI KATTOI0 AGAAO POPTIO, TOTE OTO VEO QPOPTIO
aokeital duvapn. YTTApXouv TTEPIOXEG TOU XWPOU TTou £XOuV Thv 1016TNTA Va
aokouv duvapn o€ KABe QopTio TToU PEPETAI OE KATTOIO ONUEIO TOUG, OI TTEPIOXES
ovopddovTtal NAEKTPIKA Tedia. Mevikd:

Q HAekTpIKS TTEQIO OVOUALETAI N TTEPIOXT TOU XWPEOU EVTOG TNG OTTOIOG AOKEI-
Tal dUvaun o€ NAEKTPIKA QopPTia, Ta OTToia BpioKovTal OE OTTOIOOATTOTE ONUEIO
ngG.

1-1.6. 'Evraon nAekTpikou mrediou

MNa va meplypa@ei TOCO 1I0XUPO €ival £va NAEKTPIKO TTEDIO, XPENOIKOTTOIEITAI N
€vTaon Tou NAEKTPIKOU TTeEdiou.

Q ‘Evraon nAekTpikou 1rediou o€ onueio A ovopddetal To oTaBepo TTNAIKO TNG
duvapung F, Trou aokeital o€ BETIKO ONUEIAKO QOPTIO TTOU YPEPETAI OTO ONUEIo A,
TTPOG TO YPOPTIO.

F
*q

E= (1.3)

mi
|

(+) &

2xnua 1.5. Evraon nAekrpikou 1rediou o€ onpeio A Tou mediou

H povada tng évraong Tou nAekTpikou TTediou oTo cuoTtnua S.| gival 10 1 E

Qg povdada évraong NAEKTPIKOU TTediou XpnoldoTTolEiTal Kal To 1— Kal €ival ioco
m

pe TO 1 N
c
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Orav eival yvwaoTth n évraon o€ éva onueio A nAekTpikoU Trediou, TOTE UTTO-
pouv va TTPoadlopicBolV Ta XapakKTnPIoTIKA TG dUvaung F TTou aokKeiTal 010
@opTio g, TTou ToTroBeTEITaI 0TO onuEio A. OTTwg TTPOKUTITEl ATTO TOV OPIGHO TNG
évraong, n duvapn F éxer Tnv idia SisbBuvon ue TV éviaon E. ®opd opdppotn
po¢ 10 E, av To q gival BETIKG Kal avTippoTrn, av To q gival apvnTiKO. To PETPO
¢ F Sivetal ammd T oxéon:

F=E-q (1.4)

1-1.7. Auvapikég YPAHHES NAEKTPIKOU TTESiou

H évtaon Tou nAekTpikoU TTediou TTEPIYPAPEl TO TTESIO PE MaBNUATIKG TPOTTO.
Opliopéveg OUWG QopEG eival mOUPNTO va UTTAPXE! MIa OTITIKA avatrapdoTacn
€VOG NAEKTPIKOU TTedioU. AUTO ETTITUYXAVETAI JE TN XPHON TWV OUVOUIKWY YPAW-
HWv.

Q Auvapikn ypauuf nAekTpikoU TTediou ovouddleTal n vonTr YPOUUL TToOU O€
KABe onueio TNG n €vTaon Tou NAEKTPIKOU TTEdIOU €ival EQATITOMEVN.

O1wg gival pavepd atrd Tov opICHO, o DUVAMIKES YPAUPES divouv TTANPOQO-
pieg yia Tn d1eUBuvon Kal TN @OopA TNG EVIAONG TOU NAEKTPIKOU TTEDIOU Kal TTPO-
OEYYIOTIKA yIa TO PETPO TNG. 2TIG TTEPIOXEG TTOU N TTUKVOTNTA TOUG €ival HEYAAN
TO NAEKTPIKO TTEdIO Eival I0XUPO, EVW OTIG TTEPIOXEG TTOU N TTUKVOTNTA TOUG gival
MIKpr] To TTedio gival agBevég.

E
A_—=
B E

/\

Zxnua 1.6. AuvauikéS ypauuéc NAEKTPIKOU TTEdiou
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1-1.8. OpgoyevEG NAEKTPIKO TTEdio

Q Opoyevég NAekTPIKO TTEdIO ovouddleTal To TTEdIO OTO OTTOI0 N £VTOON O€
KABe onueio Tou gival oTaBepn (Katd pETpo, dielbuvaon Kal opd).

+ + + + 4+ 4+ + + + 4+ + + + + 4+ + +
Zxnpa 1.7. OuoyeveS NAEKTPIKO TTEdIO

Opoyevég nAekTpIkO TTEdiIO dnuioupyeiTal avaueoa o€ dUO TTAPAAANAEG eTTi-
TedEG PETAANIKEG TTAAKEG TTOU PEPOUV 00 KATA PETPO POPTIO avTiBETOU TTPOOT)-
MOU Kal n atréoTacn Toug €ival TTOAU pikpr. O SUVAUIKEG YPANMES EVOG OUOYE-
voug Trediou gival TTapdAANAES Kal I0ATTEXOUV.

1-1.9. Auvapiko nAeKTpIKOU mrediou

Ortav éva @opTtio TO0TT00eTNOEI O€ éva onueio A NAEKTPIKOU TTEdIOU ATTOKTA
OUVaUIKN evEpyeEla.

QO Auvapikéd evog onueiou A nAekTpikou Trediou ovopdldetal To oTaBePd TTNAI-
KO TNG OUVAMIKNG EVEPYEIOG TTOU ATTOKTA £V BETIKO GNUEIAKO POPTIO TTOU PEPE-
Tal 01O onueio A d1d Tou popTiou.

V, =—A (1.5)

KdaBe nAekTpIKO popTio TTou BpiokeTal péoa o€ NAEKTPIKO TTEDIO ATTOKTA dUVa-
MIKN evépyela. To péyeBog TNG OUVAMIKNG EVEPYEIOG TTOU ATTOKTA TO POPTIO —TTOU
QEpeTal o€ éva Onueio NAekTpikoU TTediou— kKaBopiletal ammd T0 OUVAUIKO TTOU
UTTAPXEI OTO CUYKEKPIPEVO ONUEio.

H duvapikr evépyeia onuelakoU popTiou, TTou BpiokeTal o€ onueio A NAeKTpI-
KoU Ttrediou divetal atrd TN oxéon:
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Exmy=Varq (1.6)

To duvapIko opileTal KAl I00BUVANA WG:

Q Auvapuiké oe onueio A nAekTpikoU TTediou ovopadeTal To oTabepd TTNAIKo
TOU £PYOU TTOU TTapAyeTal 1 KaTavaAioKeTal aTtd TN OUVOUN TOU NAEKTPIKOU TTE-
Oiou yia TN YeTaTOTTIoN BETIKOU GNPEIaKOU QOoPTiou atrd To onueio A aTo ATTEIPO
dla Tou QopTiou.

VA =__Aox (17)

O opiopdg autdg Tou duvapikoU Bonbd oTov €UKOAO UTTOAOYIOUO TOU £pyou
TNG dUVANNG, TTOU OOKEI To TTEdI0 OTO QPOPTIO, TO OTTOI0 PETATOTTICETAI ATTO TO
onueio auté ato arreipo, dnAadn o€ B€an TTou n éviaaorn Tou Tediou €ival acriua-
vTn. H Tiun tou €pyou diveTal atrd Tn oxEon:

Wi =Va-q (1.8)

Mpétrel va onueiwdei TTwe 10 duvauiko gival BeTIkG A apvnTikd. OeTikd duva-
MIKO onuaivel Suvauikd JeyaAUTePO aTTd TO OUVANIKO OTO ATTEIPO, EVW APVNTIKO
OnNUaiver dUVAPIKO PIKPATEPO ATTO TO DUVAUIKO OTO ATTEIPO. To dUVAUIKO OTO
arreipo Bewpeital undév.

Q¢ povada duvapikou oTo S.| xpnoiyotroigital 1o 1 Volt. (1V =1éj

1-1.10. Aiaopa duvapikoU (Taon)

Ortav éva gopTio petartotietal atrd éva onueio A oe AAo onueio B nAekTpl-
KoU TTediou hEeTABAAAETAI N SUVAUIKE TOU EVEPYEIQ.

Q Ovopadletal diagopd duvapikou duo onueiwv A kal B nAekTpikoU trediou,
TO O0TOBEPO TTNAIKO TNG METABOANG TNG DUVAMIKAG eVEPYEIAG BETIKOU ONUEIOKOU
QopTiou TToU PeTaTOTTICETAI ATTO TO ONpeEio A oTo onpeio B, dia Tou @opTiou au-
TOU.

Ean-E
Vﬂ:% (1.9)
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Ortav gival yvwoTr n diagopd duvapikoUu YeTagu duo onueiwv A kai B, n pe-
TaBOAA TNG BUVAUIKAG EVEPYEIQG QPOPTiou, TTou peTatotieTal amo 1o A oTto B
uttoAoyiCetal atrd Tn oxéon:

AEA=VAB-q (110)

H petaBoAn Tng duvapikng evépyelag PTTopei va gival BeTIKA 1 apvnTiKA. Av
gival BeTIKA, onuaivel TTWG n dUVAMIKN evEPYEIQ TOU q OTO A €ival ueyaAlTepn
atré Tnv duvauIKh evépyela oTo B kal TOTE N Kivnon Tou g atrd 10 A oT0 B yiveTal
auBopunTa. AvtiBeta av n PeTABOAA TNG BUVANIKAG EVEPYEIAG €ival apvnTIKK, N
QUVAIKN evépyela Tou q OTo A gival JIKpOTEPN aTTd auTr 0TO B Kal ETTOPEVWG
TTPETTElI VO O0BEl evEPYEIQ OTO POPTIO, WATE va KivnBei atmd 1o A oto B.

Iooduvapog gival kal 0 opIouoG:

Q Alagopd duvapikou duo onueiwv A kal B nAekTpikoU 1Tediou, ovouAaleTal TO
0T0aBePO TTNAIKO TOU £pyOouU TTOU TTAPAYETAI | KaTavaAiokeTal atrd Tn dUvaun Tou
TTedioOU KOTA TN METATOTTION BETIKOU CNPEIAKOU NAEKTPIKOU QOopTiou aTrd To A OTO
B, d1a Tou @opTiou.

-8 (1.11)

O opIoPdG auTOG XPNOIYEUE KAl OTOV UTTOAOYIOPO TOU £€pyou TngG duvaung
Tou TTediou, OTav QOPTio q PETaToTTiCeTal atrd 1o A 010 B, a1md TN OX€ON:

W s =Vas-q (1.12)

Av n TIun Tou €pyou €ival BETIKN, TOTE n dUvVaNN TTOU AOKEi To TTEdio aTO Pop-
Tio TTapAyel €pyo Kal n YETATOTTION Tou q atd 10 A oTo B, yivetal auBopunta,
EVW OTAV TO £pYO Eival apvNTIKOG n dUVANN KATAVAAIOKEI EVEPYEIQ KAl ETTOUEVWG,
TTPETTEl va 00BEi evépyela OTo QopTio g, yia va KivnBei ammd 1o A oTo B.

H povada diagopdg duvauikou ato S.1 ival 1o 1V.

1-1.11. l'eiwon

To duvauiké TnG 'ng Bewpeital cupBaTikd pndév. Kabe aywydg TTou ouvote-
Tal QywyIda Ye TN I'n, atrokTd 10 id10 dUVANIKO YE TN 'n dnA. pndév. H aywyiun
ouvdeon evog aywyou e Tn 'n ovouddleTtal yeiwon Kal 0 aywyog YeEIwUEVOS.
210 oxAua 1.8. gaivetal £vag YEIWUEVOG OPAIPIKOG aywyog.
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Zxnua 1.8. leiwpévos aywyog

1-2. ZToIXEia SDUVAHIKOU NAEKTPICHOU

1-2.1. HAeKTPIKO peUpa

O1mrwg €xel avagepBei évag PETAANIKOG aywyog atroTeAEiTal atmd 16vTa TTou
atmExouv aTabepr) ammdéoTacn To £va atrd To GAAO Kal dnpIoupyouv To TAEYUT Kal
Ta €AeUBEPA NAEKTPOVIA, TTOU £XOUV ATTOCTTAOTEI aTTd Ta ATOUA TOU METAAAOU KAl
KIVOUVTAI aTAKTWG €VTOG Tou PETAAAOU. Opoiwg oTta dIaAUPaTa NAEKTPOAUTWV
(o€€wv, Baoewy, aAdTwv) uTTdpxouv BETIKA Kal apvnTIKA 1I6VTA TTOU KIVvoUvTal
eAelBepa. Ta 16vTa auTd, OTTWG Kal Ta EAeUBepa NAekTPOVIa, 6TaV eV UTTAPXEI
NAEKTPIKO TTEDIO KIvOUvTal aTAKTWwG. ETTioNg Kal oTta aépia —KATW aTTO OPICHEVES
OuVvOnRKeG— opIoUEVOG apIBudS popiwv dlaaTraTal o€ BeTIKA 16vTa Kal EAeUBepa
nNAekTpOVIa.

Q Ta nAekTpikd @opTia TTOU PTTOPOUV va KivnBoUv ovouddovTal NAEKTPIKOI
QOopPEiG 1 atTAd POPEIG.
Otav o1 nAekTpIkoi Qopeic BpeBouv péoa oe NAEKTPIKO TTEDIO KIVvOUvTal TTPOG

Mia KaTeuBuvorn.

Q H kivnon Twv NAEKTPIKWY QOPEWV TTPOG HIa KATEUBUVON OVOUACZeTal NAE-
KTPIKO peUpa.

H kivnon Twv eAeuBépwv NAeKTpOViwy OTOUG HETAANIKOUG aywyoug oTav di-
appéovtal atro peupa dev gival EUBUYpaPN.
H péon Taxutntd Toug €EapTATAl ATTO TNV £VTAON TOU NAEKTPIKOU TTediou Kal
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TN @UON Tou UAIKOU. MevIKG OPwG gival TTOAU JIKPr) Kail n Tagn ueyEBoug TG ivai
MeEPIKG mm/s.

A&

Zxnua 1.9. Kivnan eAsubépwv nAektpoviwv ae aywyod. a) xwpic NAeKTpIkO 1TedIO,
B) pe NAekTPIKS 1TEdIO

Q Av n Kivnon Twv NAEKTPIKWY QOPEWV €XEl aTABEP QOPA TOTE TO PEUNQ
OVOMACZETAI CUVEXEG, VWD aV N @OopAa JETABAAAETAI e TO XPOVO TO PEUPA OVOUA-
CeTal evaANaoodpEVO

1-2.2. ‘Evraon Tou nAEKTPIKOU PEUHATOS

H pon Twv NAEKTPIKWV QOpEwV o€ £va aywyo AAAoTe gival évtovn AAAoTE
Aiyétepo évrovn 1) apyr. To Quoikd péyeBog TTou ek@pAdel To TTOCO €vTovn gival
N POr TWV NAEKTPIKWY QOpEwV O’ £va aywyo gival n Eviaon peuuarog. TNy Tre-
PITITWON TTOU AUTH N Por gival aTadepn).

QO H évraon Tou peupaTog opifeTal wg To 0TABEPS TTNAIKO TOU POPTioU q TTOU
TTEPVAEI ATTO [Ia OIATOWPN TOU aywyou o€ Xpovo t TTpog Tov Xpovo t.

~ | O

(1.13)

Emonpaiveral Twg n éviacn Tou peUPaTOG Eival JovOUETpO uéEyeBog (Bab-
HwTd) OnA. €xel yovo PETPO Kal OxI dleuBuvon Kal @opd. H gopd Tou peluatog
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Aq
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2xnua 1.10. Opiouds TS évraong pEUUATOC

TTOU XPNOIYOTIOIEITAI OTA KUKAWPATO CUMTTITITEI HE TN QOPA Kivnong TwVv nAe-
KTPIKWV QOopEéwV OTav auToi gEépouv BETIKO @opTio. OTav o1 NAEKTPIKOI POpEig
@Epouv apvnTIKG QopTio TOTE N Yopd Tou PEUPATOC gival avTiBeTn atrd TNV Kivn-
on Twv Qopéwv Kal ovoualetal guuBarTikn opd.

H povdda évraong peluartog ato S.l gival To 1 Ampere (1A). To 1A givail B¢-
MeAIWDES péyeboc.

OT116 10N €xe1 emonuaveei To Coulomb dev opileTal aTTd TOV OPWVUPO VOO
aAAG a116 TO Ampere wg €ENG:

1 Coulomb=1A"-s

1-2.3. HAeKTpIKEG TINYEG

MNa va uttdpyel 0’ évav aywyod NAEKTPIKO peUPa TTPETTEI OTA AKPO TOU aywyouU
va uTtapxel dlagopd duvapikou. O1 dIaTAeIg TTOU XPNCIKWOTToIoUVTal VIO va dnuI-
oupyouvTal d1aPopEG SUVAHIKOU ovOouAlovTal NAEKTPIKES TTNYEG.

Otav BéAoupe va éxoupe ouvexEG peUa oTaBepr Eviaong XPNOIKOTTOIoUUE
TTNY£G TTou Sivouv oTaBepr) Taon dnA. Tdon oTabepou PETPOU Kal OTABEPNS TTO-
AKOTNTAG. O1 TTNYEG QUTEG OvopAdovTal TTNYEC OUVEXOUS PEULATOC | OUVEXOUS
raong. O1 akpodEKTEG YIaG TTNYNG ovopuddovTal TOAol. ZTIG TTNYEG OUVEXOUG PEU-
HaTog ol TTéAoI SIAKPIVOVTAl G€ BETIKO KOl apvnTIKO TTONO.

O BeTIkOG TTOAOG £X€EI TTAVTOTE PEYAAUTEPO BUVANIKG aTTd TOV apvnTIKG TTOAO
aAAG TTap’ OTI PEpEl TO Gvopa BETIKOG PTTOPEI O€ KATTOI0 KUKAwUA TO SuVapIKO
TOUu va €ival undév ) kai apvnTiké. O BeTIKOG TTOAOG TNG TINYAS 0To oxAua 1-12
EXEI DUVAMIKO UNOEV.

To nNAEKTPIKO peUpa PETAPEPE! EVEPYEIQ, TTOU OVOUAZeTal NAEKTPIKA £vEp-
\ZA[ 8
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DC
- @
Zxnua 1.11. HAekTpIkn TNYR guvexous Zxnua 1.12. O BeTikO¢ TOAOS ExEl
pevuarog OUVaUIKO ndév

Q O1 NAeKTPIKES TTNYEC €ival DIATALEIC, Ol OTTOIEG PETATPETTOUV EVEPYEIA KA-
TTOIOC HOPPNG OE NAEKTPIKY EVEPYEIQA.

MNa Tapdadelyua, Ol CUCCWPEUTEG HETATPETTOUV XNMIKNA EVEPYEIA O NAEKTPIK.
Ta NAIGKA 1 @WTOROATAIKA CTOIXEIO JETATPETTOUV QWTEIVH] EVEPYEIQ TE NAEKTPI-
KA. Ta Beppolelyn PETATPETTOUV BEPUIKN EVEPYEIQ OE NAEKTPIKT).

1-2.4. HAeKTPIKO SitmoAO
Q KdaBe diaTagn, mou £xel U0 OKPODEKTEG OVOUALeTAl NAEKTPIKO BiTToAO.

H ouptrepipopd evog NAEKTPIKOU SITTOAOU GTO NAEKTPIKO peUa TTEPIYPAPETAI
ME éva BIdypappa TNG £VTaONG TOU PEUPOTOG TTOU TO SIOPPEEI, OE CUVAPTNON WE
TNV TAdon TTOU UTTAPXEI OTOUG OKPOOEKTEG Tou. To didypauua autd ovopddeTal
XOPAKTNPIOTIKA Tou BITTOAOU. 210 OoXNAPa 1-13 @aiveTal n XapaKkTnEIoTIKA MIOG
KpuoTaAA0BIGOOU.

Zxnpa 1.13. XapaktnpioTikry KauruAn kpuotaAAodiédou
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1-2.5. AvrioTaon diméAou

Q AvrioTtaon evog dittoAou ovouddletal To TTNAIKO TG TAONG, TTOU UTTAPXEI
OTOUG OKPOBEKTEC TOU DITTOAOU TTPOG TNV £VTACT TOU PEUPATOC, TTOU BIApPEEl TO
ditroAo.

R=— (1.14)

levikd n avtiotaon evég ditTtoAou gival ouvdptnon Tng Tdong Tou. TNV TreE-
PITITWON AUTH N XAPOKTNEICTIKN €ival pia KAPTTUAN, v OTav N avTiotaon ivai
avedptntn a1rd TNV Tdon, N XaPOKTNEIOTIKA €ival eubeia ypapun.

Q Ta dittoAa TToU £x0UV avTioTaon ave¢dpTnTn atrod Tn Tdon Toug ovoudaldovTal
QVTIOTATEG.

270 oxnua 1-14 @aiveral n XapakTnPIoTIKY VOGS QVTIOTATN.

Zxnua 1.14 . XapakrnpioTiki VoS avTioTarn

H povada avriotaong oto S.1 gival To Qu (Q). To Qu opileTal atrd Tn oxéon:

10=1Y
A

1-2.6. AywyipyoTnra

H avtiotaon evég dImmoAou ek@pddel, T TTOOO BUOKOAQ KIVOUVTAI OI NAEKTPI-
Koi popeig péoa aTo BiTToAo. AvTiBETa N EUKOAIQ PE TRV OTToIO KIvOUVTal JEOO OTO
OITTOAO 01 NAEKTPIKOI POPEIG, EKPPAZETAI E TNV aywyiudTnTa.
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Q H aywyiudétnta evog dittoAou eival ion Ye TO avTioTPOYo TNG AVTIOTAONG
TOU.

G= (1.15)

_ L
v

A=

H povdda aywyipotntag oto S.| gival To Q.

1-2.7. E181Ik\ avrioTaon

H avtiotaon evog avtioTaTn EAPTATAl ATTO TIG YEWMETPIKEG TOU DIACTACEIG
Kal To €id0g Tou UAIKOU aTTd TO OTTOIO €ival KOTAOKEUAOUEVOG, av dnAadr cival
atroé gidnpo, xaAkod fy otroiodiTToTe AAAO UAIKG. OTav 0 avTIoTATNG £XEl OTABEPN
diatoun S, kal yAkog ¢ 16Te N avtioTaon Tou diveTal atd Tn oxéon:

14
pS ( )

10 pEYEBOG p ovouddeTal €idikn avriotaon. H €181k avtioTaon gival xapakTtnpl-
OTIKO TOU UAIKOU aTTO TO OTTOIO €ival KATAOKEUAOUEVOS O AVTIOTATNG.
H povada €1dikAg avTioTaong oTto S.1 gival To 1Qm.

1-2.8. E181K1} aywyigoTnTa
O1wg n aywyiuétnTa G opieTal WG TO AVTIOTPOYO TNG AVTIOTAONG, £€TO1 KAl N
€I0IKI aQyWYINOTNTA g, OpideTal WG TO AVTIOTPOPO TNG EIBIKAG AVTIOTAONG.

g (1.17)
P

H povdda tng 1dIkAg aywyiudétnTag oto S.1 gival 1o 1Q'm.

1-2.9. OgpHIKOG CUVTEAECTHGS AVTIOTAONG

H €181k avtiotaon p e¢aptdral amrd 1 Bepuokpacia Kal divetal atrd T oxE-
on:

Po = Po (1 +aB) (1.18)
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OTTOU pg N €I0IKA avTioTaon oToug B Babpoug KeAaoiou, p, n €10IKN avtiotaon
oToUG Pndév PBaBuoug keAaiou, a évag ouvTeAeOTAG TTOU ovouddeTal BEpUIKOG
OUVTEAEOTAG AVTIOTACEWG KAl £6apTATal ATTO TN GUOT TOU UAIKOU.

Av ol diaoTdoeig Tou aywyoU petaBdaAlovTal eAdxIOTa Pe TNV Bepuokpaaia,
16T N JETABOAR TNG avTioTaoNng Tou aywyou wg ouvdpTnaon Tng Bepuokpaaciag,
divetal ammd Tn oxéon:

R, = R, (1 + af) (1.19)

o6tou Ry n avtiotaon Tou aywyou otoug B BaBuoug KeAaiou kai R, n avtiotaon
TOU aywyou oToug undév Babuoug KeAaiou.

O BepuIKOG OUVTEAEOTAG AVTIOTACEWS PTTOPED va gival BeTikdg apiBudg, ap-
vNTIKOG 3 pndév. Otav cival BeTIKOG n avTioTaon Tou aywyou aufavetal otav
auavetail n Bepuokpacia OTTWG OTA PETAAAQ.

Ortav gival apvnTIKOG n avTioTaon Tou pelwveTal 6Tav autdveral n Bepuokpa-
gia O0TTwg oToV AvBpaKa, TOUG NAEKTPOAUTEG KAl TOUG NUIaywyoucG.

Ortav cival yndév n avtiotaon TTapauével oTabepn o€ KABe YETAROAN TNG Bep-
Hokpaoiag, 6TTwg o€ €10IKA Kpdpata (KkovoTavTivn, hgayyavivn). H pyovada pé-
TPNONG Tou BepUIKOU auvTeEAEOTOU avTIOTACEWG €ival To 1grad™.

1-2.10. Aywyoi

Ta UAIKG TTOU €TTITRETTOUV TNV €UKOAN Kivnon TwV NAEKTPIKWY QOpPEWY, OTaV
dlappéovTal atrd NAEKTPIKO peUpa ovopdadovTal KaAoi aywyoi Tou nAEKTpIoLoU A
ATTAWG aywyoi.

O1 aywyoi auToi TTapoucidlouv TTOAU WIKPR €181k avTioTaon. Aywyoi givai
KUpiwg Ta JETOAAQL.

1-2.11. MovwrTég

2€ avTiBeon pe Toug aywyoug, ol yovwréC gival UAIKG oTa oTroia n Kivnon
TWV NAEKTPIKWV POPEWV gival TTOAU duoxepAG. O1 HOVWTEG TTAPOUCIAOUV TTOAU
MEYAAN €10IKA avTioTaor, yiaTti dev UTTAPYXOUV €AEUBEPOI QopEiG aTn NAa TOUG,
a@OU TO OUVOAO OXeBOV TWV NAEKTPOVIWY TWV ATOPWY TOUG gival DECUIA.

MapoAa autd évag eAAXIOTOG ApPIBUOS NAEKTPOVIWY UTTOPEI VA ATTOCTTAOTEN
KAl o€ autd o@eileTal n €I0IKA AYyWYIMOTNTA TWV HOVWTWY. ZUVABEIS HOVWTEG
gival Ta TTAAOTIKA, TO EUAO, TO XOPTi K.Q.
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1-2.12. Hulaywyoi

O1 nuiaywyoi gival UAIKA, TTOU TTAPOUCIALOUV OXETIKA PEYAAEG TINEG €IBIKNAG
avtiotaong, n otroia peiwveTal 6tav augavetal n Bepuokpacia. O nuIaywyoi
gival TETpacBevr oTOIXEIQ.

O1 TepIocdTEPO YVWOTOI NIaywyoi gival To Meppavio (Ge) kar 1o Mupitio
(Si). H aywyigotnTa Twv NUIaywywv auédvetal onuavtika étav e autoug TTpo-
oTeB0oUV TTPOCHIEEIC TPIoBEVWYV N TTEVTACOEVWY OToIXEIWV. Ta TTEPICTOTEPA NAE-
KTPOVIKA €EapTrUATa gival @TiIayuEVA aTTd NUIAYWYOUS TTPOCHIEEWV.

1-2.13. Evépyela Kal 10XUG TOU NAEKTPIKOU PEUHATOG

H peydAn XpnoigoTnTa Tou NAEKTPIKOU PEUPATOS OQEIAETAI GTO OTI PE AUTO
gival TTOAU €UKOAN n HETa@OPA evépyelag atmd Tov TOTTO TTapaywyng Tng otnv
KaTtavaAwaorn.

O puBuoég pe Tov otroio TTapdyeTal | KATAVOANICKETAI N EvEPYEIQ EKPPACETal
atoé Tnv loyu.

EidikéTepa:

Q 6tav n 10X0U¢ givalr oTtaBepr) opileTal wg 1o TTNAiIKO TNG evépyeiag W, tTou
TTAPAYETAl 1] KATAVAAWVETAI O€ XPOVO t, TTPOG TOV XPOVO t.

P=¥ (1.20)
Movada ioxuog oTo S.| gival To 1Watt, kai opidetal wg: 1W = 1 i
s

21NV TPAgN WG Jovada KATavaAoKOUEVNG NAEKTPIKAG EVEPYEIOG XPNOIKOTIOI-
eital n 1Wh, 1Tou €ival ion pe Tnv evépyela, TTOU KOTAVOANIOKETAI ) TTAPAYETAI PE
IoX0 1W o€ pia wpa.

1-2.14. ZuvTeAeOTHG AMOdoong

O avBpwTrog yia va BeATILWoEl TIG CUVBNKEG dlafiwong Tou XPNOIYOTIOIET dIa-
TAGEIG, TTOU TTAPEXOUV EVEPYEIA O€ XPNoIun Hop®n. H evépyela TTou TTapéxouv
QUTEG 01 DIATAEEIG OVOUAZETAI WEEAIUN EVEPYEIQ, KAI N QVTIOTOIXN 1I0XUG OvOoud-
CeTal wéAIun 10x0G.

Kd&Be didragn yia va Asitoupynoel XpeIadeTal evEPYEIQ, N EVEPYEIQ QUTH OVOUG-
CeTal KaravaAioKOUEVN EVEPYEIQ, KAl N avTioToIXN 10XUG KaravaAioKOuevn 10X UCG.
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Q 2uvteAeoTc amédoong piag dIdTagng, ovoudadeTal To TTNAIKO TNG WPEAINNG
10XU0G, TToU TTapéXEl N dIATAgnN, TTPOC TNV I0XU TTOU KATAVOAIOKEI yia va AEITOUp-

YN OElL.

Pw
S (1.21)

Kat

O ouvteAeoTAg ammodoong gival kaBapdg apiBudg Kal ekepddlel TI HEPOG TNG
I0XUOG TTOU XPNOIUOTTOIET IO UNXAVA YIO VO AEITOUPYACEIL, JETOTPETTETAI OE WQE-
AN 10x0. O ouvteAeoTAg aTdd00NG, OTTWG APECA TTPOKUTITEI ATTO TNV apPXN
dlaTPNONG TNG EVEPYEIAG, €ival JIKPOTEPOG TNG JOVADdAG.

2UXVA avTi Twv 6pwv KATavaAioKOPEVN 1I0XUG Kal W@ENIUN 10XUG, XPNOIUO-
TToloUvTal avTioToixa o1 6pol 1oxU¢ e106d0u (P)) kai 1oxug €€6dou (P,), oTroTe O
OUVTEAEOTAG aTTOdOoONG YPAPETAI:

P
a=—2 1.22
P (1.22)

1-3. E@appoyég

Epappoyn 1n

Auo ogaipidia pépouv 1O id10 YOPTIO q Kal BpiockovTal o€ atrdéoTaon r = 2m.
Ta ogaipidia ammwBouvTal ye dUvaun F=360N. Na utroAoyioBei To popTio q, TTou
PEpel KABe aPaipidlo.

N-m?
C2

Aivetai K, =9 - 10°

Auon

2

F F
F=KnA?—2:> FP =Ky =6t = — P = = | 1=

nA nA

360N
Nm?
C2

-2m=+/40-10-2C=4-.10*C=400uC .

9-10°
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Epappoyn 2n

2€ onueio A n évraon Tou nAekTpIKoU TTediou €xel PéETpo, E = 3 v . 270 A @é-
petai @oprio g= - 0,3mC. m

a) Na uttohoyio6¢i To uétpo Tng duvapng F 170U aOKEiTaI OTO qg.

B) H 80vaun F kai n éviaon Tou ediou E éxouv Tnv idia i avTiBeTn Qopy;

Auon

oO)F=E-q=>F=3 M-O,3mC=0,9-10'3N.
m

B) H d0vaun F Kai n éviaon Tou Tediou E €xouv avTiBetn @opd yiaTi 1o gopTio
q ival apvnTiko.

Epappoyn 3n

To duvapikd evog nAekTpikou Trediou oTo onueio A gival V, = -3V. Idon gival n
duvapikr evépyela NAeKTPIKOU QopTiou q = 2uC, TTou BpiokeTal 0TO A;

Auon
Ermy=Va-q = Eppny=(-3)V-2uC =-5pd.

H apvntiki TiunR 10U €X€l N SUVAUIKA EVEPYEIQ ONUAivel, TTWG OTO onueio A
TO POPTIO g £X€El OUVAMIKNA eVEPYEIQ KATA BUJ PIKPOTEPN aTTd AUTH, TNV OTToia Ba
€ixe av BpiokoTaV OTO ATTEIPO.

Epappoyn 4n

H d1agpopd duvapikoU petalu duo onueiwv A kal B nAekTpikoU trediou eival
V,s=15V. ‘Eva ¢@oprtio q= - 400 uC petatotrifetal amé 10 A 010 B.
a) lMoio gival To £pyo TG duvapng Tou TTediou;
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B) Na va TTpayhaToTToIindEi n YETATOTTION TOU ¢ ATTAITEITAI VO TOU TTPOCQEPOE]
gvépyela; Av vail TToon;
Auon
(])WA_,B=VAB : q = WA—?B = 15V : ('400) lJC = '6000 UJ ='6mJ

B) Apou 1o £pyo TNG dUvaung Tou TTediou gival apvnTIKO, TTPETTEI GTO POPTIO q VO
TTpooPepOei evépyeia 6mj.

Epappoyn 5n

Aywyog diappéetal atrd pevua 3,2A. Nooa nAekTpovia TTepvAave ato pia dla-
TOMN TOUu aywyouU o€ Xpovo 5min;
Aivetal To QopTio Tou nAekTpoviou |e| = 1,6 - 10-1° C.
Auon

APXIK& TTPETTEI va JETATPATTEI O XpOVOC t=5min og seconds.

t=5min=5min - 60 —— = 300 s.
min

Hoxéonl = % AOveTal wg Tpog q. q=1-t (1)

Av 10 QopTio q aTToTEAEITAI ATTO N NAEKTPOVIA, TOTE:

g=nle| (2)
ATIO TIGg oxéoelg (1) Kai (2) émeTat:

|-t 3,2A-300s
nle|=l-t=>n=—=n=

| | = 8107C =6-10%" nAekTpovia.
e 1,6-10

Epappoyn 6n

HAekTpIKO diTroAO dlappécTal atmd peupa évraong |, = 2mA, éTav 0TOUG aKPO-
OéKTEG Tou uTTApxel Taon V, = 30V. MNoia gival n avtiotaon Tou dITéAou;
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Ortav n 1@on Tou ditroAou dITTAACIOCTEI, N £éVTAON TOU PEUPATOG TTOU TO dlapPEE!
yiverail |, = 12mA. Eivai To ditroho avTIoTATNG;

Auon

H avtiotaon tou dimtdAou, otav n Taon givar V, = 30V eivai:

R, =£:>R1 =ﬂ=15KQ.
I, 2mA
Ma va diotmoTwlei av 1o diTToAo €ival avTiIoTATNG TTPETTEN va UTTOAOYIOBEI N
avtiotaon R,, 61av n taon Tou dittoAou diITAaciaoTei. Av n TiuA TN R, €ival ion
pe Tnv TiuA NG R,=15 KQ, 1671¢€ TO dittoAO €ival avTiIoTATNG OIGQOPETIKA BEV ival.
Htdon V, é&xarmiun V, =2V, =2-30V =60 V.
H avtiotaon R, givai:
V. 60V

R,=-2=R, =

——=5KQ, dpa 1o ditroAo dev gival avTiIoTATNG.
I, 12mA

E@appoyn 7n

XdaAkivo oupua €xel otaBepry dlaToun Kal Yrkog 1=20m. ¥1a dkpa Tou GUPUO-
TOG UTTApxEl Taon V=0,34V, otrote diappéstal atrd peupa évraong | = 1 A. MNMéoa
mm? gival n dilaTour Tou cUpuatog; Aivetal n €181k avTioTaon Tou XaAkoU pg, =
1,7 - 108 Qm.

Auon
ApXIK& uTttoAoyileTal n avtiotaon R Tou oupuatog.

R=X3R=M=O,34Q_
I 1A
H avtiotaon R o€ ouvdptnon Pe Ta YEWUETPIKG OTOIXEI TOU oUPPATOG dive-

Tal atrd TN oxéon:

1,7-10°Qm-20m

=10®°m?=10%-10°mm? =1mm?>.
0,340

R=p£:>RS=p€:>S=p—£:>S=
S R
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Epappoyn 8n

MoAUBdIvo oUpua £xel avtioTaon R, = 100Q, e Bepuokpaaia 68 = 10°C va
utroAoyioB¢ei n avriotacn Tou otoug 8,=100 °C. O BepUIKOG GUVTEAEDTNG QVTi-
oTaong Tou YoAuBdou eival, a = 0,004 grad.

Auon
H avtioTaon Tou ocuppartog otoug B, = 100°C divetal atrd T oxéon:
R, = Ry(1 + a6,) (1)

émou R, n TiyA Tng avtiotaong otoug 0°C.

H iy Tng avtiotaong atoug B, = 10°C cival avTtioToIxXa:
Ri =R, (1+ab,) (2)
Me diaipeon TnG (1) pe TN (2) TTPOKUTITEI N OXEON:

&_RO(1+0(E)2)=1+0(92

1+00,
= =
R, Ry(1+aB,) 1+a8,

"1+a8,

=R,=R

1+0,004-100°C
1+0,004-10°C

R, =100Q =100Q-1,346=134,6Q.

Epappoyn 9n

O¢puoaipwvag Pe atoixeia (220V, 4KW) Asitoupyei TTi Tpeic wpeg. Molo givai
TO KOOTOG TNG Aciroupyiag Tou, av n TinR 1ng KWh givai 30 dpy.;

Auon
H evépyeia TTou katavaAiokel o Bepuoaipwvag givai:

W=P- -t = W=4KW - 3h = 15KWh.

To k60TOG TNG evépyelag givalr 15 KWh x 30 % =450 dpx.
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Epappoyn 10n

H 10xU¢ €€6dou cuokeung civail P,=1,6KW. H cuckeun] éxel ouvteAeoTr atmod-
doong 0=0,8. Av n ouokeur Asitoupyei e1Ti xpovo t=10h, TTOon evépyeia kaTtava-
NiOKel;

Auon
APXIKG ekpPAlovTal Ol TIHEG TWV BEBOPEVWV O€ HOVADES TOU CUOTHUATOG S.I.
Po=16KW=16"-103W
t=10 x 3600 s =36000s=3,6-10*s

H 10xUg €10600u uttoAoyileTal atrd Tn oxEon:

3
O‘=&:>Pi Fo_p 16100W
~ a

: =2.10°W
0,8

H evépyeia ei106dou uttohoyileTal atrd TN OXECN OPIoHOU TNG I0XUOG.

P =¥:>wi=F>i-t:>wi = 210°W3,6 - 10%s = 7,2 - 107 J = 72 MJ.

1-4. MpofAnpara mpog AUoN

1° S1a akpa A kal B euBuypdpupou Tuiuatog AB prikoug r=0,9m, BpiokovTal Ta
onpeiakd @optia Q, = +4uC kar Q, = + 8uC avrioToixa. 210 onueio N Tou
AB, tmou atéxel d=0,6m atd 1o A, TotroBeTeitanl oprtio = -1uC. Na BpeBei
N CUVICTOUEVN TwV OUVAHEWY TTOU AOKOUVTaIl OTO (. (0,7N)

2° Ao onueiokd gopria Q, = +16uC kai Q, = +4pC BPICKOVTAI AVTIGTOIKA OTA
onueia A kai B, Ta otroia amméxouv katd r=0,6m.Z€ 11010 onueio Tou €uBu-
ypdauuou TuipaTog AB trpétTel va TotroBetnBei @oprtio q = + 1uC, woTe va
ICOPPOTTEI; (0,45m)

3° Avo ioa onuelaka goptia Q,=Q,=0,1uC atréxouv Katd r. Ta @opTia aAAnAe-
mdpoUV pe duvdpuelg TTou £xouv PéTpo F = 10 N. Na utroAoyioBei n petagu
Toug amoaTaaon. Aivetal K, = 9 - 10° Nm?/C2, (0,3m)
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4o

50

60

70

Znuelakd @optio q PpiokeTal o€ onueio A NAeKTPIKOU TTEdioU, TTOU £XEl
Ouvapiké V, = - 3V. Otav 10 q yetagépeTal atrd 1o A 0TO ATTEIPO, ATTO TNV
Ouvaun Tou Trediou Trapdyetal épyo W =3 - 108 J. Na utroAoyicBei To pop-

Tio . (-1uC)

2nueio A nAekTpikoU TTediou €xel duvapikd V,=-10V. Znueiakd @opTtio q =
+2uC BpiokeTal 010 A Kal YETaPEPETAI OTO onueio B Tou ediou. Av n 1don
METAEU Twv anueiwy A kal B gival V,z=-30V, va uttoAoyioBouv:

a) H duvauikni evépyeia Tou q, étav Bpioketal oTo A.

B) H duvapikn evépyelia Tou q oTto B.

y) To épyo Tng duvaung Tou Trediou. (-20ud,40ud, -60uJ)

2nueio A nAekTpikoU Trediou €xel duvapiko V,=20V. Ze dAAo onpeio B Tou Tre-
diou BpiokeTal poptio g =-100uC. Av 10 q £XEI BUVONIKT| EVEPYEID E g =107,
va UTTOAOYIOOEI N TAON V. (30V)

210 oxAua 1-15 @aiveral N XapakTnPIoTIK €vOG BITTOAOU.

a) Na mpoodiopioBei n avtioTaon Tou dITTOAOU, OTAV N TAON OTOUG OKPOSE-
KTEG TOU Traipvel TIG TINEG: 1V, 2V, 3V, 4V, 5V, 6V, 7V, 8V, 9V, 10V.

B) Na kataokeuaoBei To didypapua R=f(V).

O _NWh UION O

12 3456789 101112
vV (V)
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8° Xaikivo oUpua éxel diatoun 0,1 mm? kai avrtiotaon 0,34Q. Moo €ival T0
MAKOG Tou oUppaTog; Aivetar: pg, = 1,7 - 108 Qm. (2m)

9° la TN METOQOPA NAEKTPIKNAG EVEPYEIAG PETAEU dUO BECEWY, TTOU ATTEXOUV
katd [=2000m, xpnoigoTtroieital XAAKIVOG aywyog. Av n avTioTaon Tou ayw-
you eivar R=340Q), va uttoAoyioBei n pada Tou.

Aivovtal: pe, = 1,7 - 108 Qm, TTukvoTnTa XaAKoU dg, = 8,9 - 103

10°

11°

12°

13°

14°

Kgr

m?

(1,78 Kgr)

ZUpua vikeAiou €xel avtiotaon R=13,8Q kai pAkog | = 10m. Av n diatoun
Tou oUpuatog eival 0,05mm?, va uttoAoyioBei n €10IKA aywyiudTNTa TOU
VIKEAIOU. (14,49 - 10° "' m)

Aywydg 6étav Bpioketal otoug 0°C €xel avriotaon R,=10Q, eviy oToug
25°C €xel avtiotaon R,s = 11Q. Na TpoodiopioBei 0 BepUIKOG ouvTEAE-
OTAG aVTIOTAONG TOU UAIKOU aTTd TO OTTOIO £ival KATOOKEUOAOPEVOG O ayw-
yoc. (0,004grad)

XaAkivog aywyog atoug 0°C éxel avriotaon R, = 10Q, evw o€ Bepuokpa-
oia 0 £xel avriotaon Ry = 10,39Q. Na 1mmpocdiopioBei n Bepuokpaacia 6.
Aivetal 0 BeppIKOG CUVTEAEDTNG avTioTaong Tou XaAkoU a.,=0.0039grad™.

(10 °C)

Xa&Akivog aywyog atoug 0°C €xer avtiotaon Ry, = 10Q. Ztnv idia Bep-
MOKpaaia aywyog amo avBpaka £xel avriotaon Ry, = 12Q. Na mpocdio-
p1oB¢i n Bepuokpaaia oTnv oTToia oI U0 aywyoi EXouV i0eg avTIOTACEIG.
Aivovtai: a.,=0,004grad™, a.,=-0,005grad™".

(20°C)

AUO pnxavég gival ouvOEPEVES WOTE, N I0XUG £E0D0U TNG TTPWTNG Va ival
10XUG €10000U TNG deUTEPNG. H 10XUG 10080V TNG TTPWTNG INXAVAG ival
Pixy = 10W, evw n 100G £§0d0u Tng delTepng gival Py, = 7,2W. Av 0 ou-
VTEAEDTNG ATTOdOCNC TNG TTPWTNG MNXAvNAG gival a, = 0,8, va uttoAoyIoBei
0 OUVTEAEOTAG atmédoong Tng OeUTEPNG. (0,9)






KE®DAAAIO

BAZIKA KYKAQMATA
KAl EEAPTHMATA

Eicaywyn

270 KepdAaio autd treplypdgovral Ta LacIK@ OToIXEIQ TwV KUKAWUATWY OU-
VEXOUS PEULIATOSC KABWCS Kal Ta EapTHLIATA TOUG.

Ermiong, repiypda@ovral BaoikéS apxéc kai 1EB0S0I UTTOAOYIGLOU Kai LIETPN-
ong¢ NAEKTPIKWVY HEYEBWY, OTTWC TNS TAoNG, ToU PEUUATOC, TNC aVTioTaonc,
NG I0XUOG K.ATT.

2KOTTO¢ TOU KEQaAaiou gival va Karavoroouyv ol uabntés ta Bacikd oToixeia
TWV NAEKTPIKWY KUKAWUATWV Kai Ta EQpTHUATA QUTWY KAl va avamruéouv
IKQVOTNTA UTTOAOYIGUOU Kail UETPNONS NAEKTPIKWY LIEYEBWY € ATTAG KUKAW-
uyara. ETTiong va Karavoroouyv Tn Asiroupyia Twv opyavwy LETPNONS Kai va
géoikeiwBOUV LI TN XPHON TOUG.
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2-1. Baoikd oTolXeia KUKAwWHATWY — ZUHBOoAa kKai dia-
Ypappara

‘Eva NAeKTPIKO KUKAWPA TTEPIAAPPBAVEI TO €1 G £TTI HEPOUG DOUIKA OTOIXEIA:

e [Inyn evépyeiag yia tnv Tapoxn Tdong TTou aTmaiTeital yia 1n por peUuaTog

OTO KUKAWUA.

*  Aywyoug atrd Toug otroioug Ba TTepdoel To peUQ.
* MovwTég yia TOV TTEPIOPIOHO TOU PEUPATOG OTIG ETTIOUUNTEG BIAOPOUES (ayw-

YyouUG, avTIOTAOEIG K.A.TT.).

e ‘Eva @oprtio, yia va eAeyxBei n TTo00TNTA TOU PEUPATOG KAI VA PETATPATTEI N

NAEKTPIKA evEpyEIa TNG TTNYNG 0€ AAAN Hop@r) evépyelag (TT.X. BepPoTNTA).

e YUuOoKeun eAéyxou (ouvhRBwg OIaKATITN) YIa va EEKIVA Kal va OTAPATA T Por)

TOU PEUMATOG.

e Mia cuokeur TTpooTaCiAg yia TN dIOKOTT TOU PEUPATOG OE TTEPITITWON KAKNG

A€IToupyiag TOU KUKAWMOTOG.

Ta TEoOEPA TTPWTA OTOIXEIA Eival ATTAPAITNTA YIA OTTOIOOATTOTE NAEKTPIKO KU-
KAWMQ, VW N OUOKEUR EAEYXOU Kal N CUCKEUN TTPOCTACIAG OUXVA TTOPAAEITTO-
vTal.

MNa v avatmmapdoTtaon evog NAEKTPIKOU KUKAWUATOG XPNOIYOTTOIoUVTal OU-
vABwg cUuBoAa yia Ta NAeKTPIKG e€apTrpaTa, avTi va oXedIAdovTal EIKOVEG TWV
£CAPTNUATWY AUTWV.

‘ET01, £€vag avTioTATNG TTAPICTAVETAI HE TO GUHPBOAS Tou, OTTWG PaiveTal OTO
oxAua 2.1.

Mpayuartiki popen >uuBoAo

Zxnua 2.1. Avrioramng a) MNpayuarikn popen, ) ouuBoAo

Avaloya oUuBoAa uTTdpyouV yia OAa Ta NAEKTPIKA aTOIXEIO EVOG NAEKTPIKOU
KUKAWpaTog. H povn g€aipeon ivai, o011, dev uttdpyxel cUPBOAO yia va diakpivo-
VTdl Ol JOVWHEVOI aywyoi atrd 6ooug dev gival povwpuévol. YTToTifeTal OT1, uTTdp-
XEl MOVWOn €Kei OTTOU XPEIAZeTal, WOTE VO ATTOPEUYETAI N ETTAPN £EAPTNHATWY
KOl ayWwywv.
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Q To didypaupa To OTT0I0 PEPEI WOVO CUMPBOAa yia va O€igel Tn ouvdeon TwvV
€EAPTNHATWY OVOUAZETAl ZXNHOTIKO SIAYPANNO TOU KUKAWUATOG.

O1 NAeKTPIKEG TIMEG TWV €EAPTNUATWY TTOU XPNOIYOTTOIOUVTAlI OTO KUKAWUO
MTTOPOUV €TTIONG VA CUUTTEPIANYBOUV OTO OXNUATIKO OIAYPANKO TOU KUKAW-
HOTOG €iTe avaypdQovTag TIG TIMEG TTAVW aATTO TA AvTioToIXa £CapTAMATA (OX.
2.2.(a)), €ite ypdovTtag £va avayvwpeioTiké ypdupa 3 oUuBoAo TAdlI o€ KdABe
eCApTnUa Kal ol TINEG TwV e€apTnudTwy divovTal ag CUVODEUTIKO KaTaAoyo eEap-
TNUaTWYV (oX. 2.2.(B)).

10 R,

21V 4Q 20 B, R, R,

(a) B)

B,: Mnyn 1aong 21V, R,: Avtiotaon 1Q
R,: AvtioTtaon 4Q, R;: Avtiotaon 2Q

Zxnua 2.2. Tpémor kaBopiouoU Twyv TIHWV Twv e§apTnUdTwy

2-2. HAeKTPIKEG TINYES TAONG KAl PEUHATOS (aveSapTn-
TEG, ESAPTNHEVES)

2-2.1. Nnyég Taong

O1 TpaypaTikEG TTNYEG TAONG Eival CUOKEUEG TTOU TEIVOUV va dlaTnpouv oTa-
Bepn Taon. H avdykn povteAoTroinong Twv TTNYWY autwy 00AYNCE OTIG IBAVIKES
TTNYy£EG TAONG 01 OTToiES dlaKpivovTal o€ OUO KATNYOPIEG.

Q Idavikég avegdpTnTEG TTNYEG TAONG: €ival OTOIXEIO KUKAWMPOTOC TTOU OIa-
TNPOUV pia oTaBepr TAON OTOUG OKPOBEKTEG TOUG aveEdpTNTa aTTd TO PEUNA
TOUG.
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ETTopévwg, N TGON PI0G TETOIAG TTNYNSG OE OTTOIOBNTIOTE XPOVIKI OTIYUN €i-
val avegapTnTn TNG QUONG A Tou PEYEBOUG TWV OTOIXEIWY TOU KUKAWMNATOG TTOU
ouvoéovTal PETAEU TwV AKPOOEKTWY TNG Kal MOVo To peUpa eEapTaTal ammd Ta
ouvOedeva |’ auThv OTOoIXEID.

H xapakTtnpIioTiKA MIag 1I8avVIKAG aveEdpTnTng TIMYAS TAoNG KAl TO KUKAWUATI-
KO TnG oUuBoAO @aivovTal 01O OX. 2.3.

Zynua 2.3. XapaktnpioTikl kai o0uBoAo 16avikig aveédptntng mnyns raong

Q Idavikég eCAPTNUEVES TTNYEG TAONG: EiVal OTOIXEIO KUKAWMWATOG OTTOU Hial
Tdon A €va pevpa og KatTola AAAN 6€on Tou KUKAWUATOG KaBopilouv Tnv TAON
TWV OKPODEKTWYV TOUG.

ETTopévwg, pia TETOlQ TTNYR UTTOPED va gival eAeyxouevn €ite atrd TAon €ite
atro pelya.
Edv eival eAeyxdpevn atrd katrola taon V, 1oTe:

Ve =u-V, (2.1)

OTTOU Y 0TaBEPOG AdIACTATOG CUVTEAEDTNG.
Edv cival eAeyxouevn atro K&Trolo peupa |, ToTE:

Vio=p-l, (2.2)

O1T0U p 0TABEPOG CUVTEAEDTNG WE dlaaTdoelg V/A.
To KUKAwATIKO OUPBOAO HIag 1I8AVIKAG e€apTnUévNS TINYAS TAONS QaiveTal
OTO OX. 2.4.

!

Zxnua 2.4. 2ouBolo 1davikng e€aptnuévng mnyns taong
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Baoikd Kolvd yvwpiopa Twv avegapTnTWVY Kal £GapTNEVWY TThYWVY TAONG E€i-
val 1o 0T, dev PTTOPOUHE VA EKPPACOUNE TO pelua OTNV TNV oav auvdpTnon
NG TAONG TwV OKPOdEKTWY Toug. Me dAAa Adyia, av 1o pdvo TTou yvwpifoupe
gival n Téon oTa dkpa piag Tyng Tédong, ite aveEdptntng €ite e€aptnuévng, dev
EXOUUE APKETEG TTANPOYOPIES VIO VA TTPOCBIOPICOUNE TO PEUNA TTOU BlappEel
v TNyn.

2-2.2. Nnyég pevparog

O1 TTpaypatikéG TTNYEG PEUPATOG Eival CUOKEUEG TTOU TEiVOUV va dlaTnpouv
o100epd pelpa. H avaykn povTeAOTTOINONG QUTWY TwV TINYWV 0dynoe OTIG
I0QVIKEG TTNYES PEUATOG Ol OTToIEG BIaKpPivovTal o€ OUO KATNYOPIEG.

Q Idavikég avedpTNTEG TTNYES PEUMATOG: €ival OTOIXEIO KUKAWPATOG TTOU
dlatnpouv éva oTaBepd pelpa avecdpTnTa oTTd TNV TACTN TOUG.

EtTopévwg, 1o pelpa pIag TETOIAG TTNYNG O€ OTTOINBNTTIOTE XPOVIKA OTIYMN €i-
val ave¢apTnTo TNG YUONG A Tou PEYEBOUG TWV OTOIXEIWY TOU KUKAWUOTOG TTOU
OuVvOELOVTAl PHETAGU TWV OKPOBEKTWYV TNG Kal Pévo n Taon eEapTatal atrd Ta ouv-
dedueva W’ auThv oTolxXEia.

H xapakTnpIioTiKA HIag 1I8aVIKAG avegdpTnTnG TTNYNG PEUMATOG KAl TO KUKAW-
MaTIKO TNG oUMBOAO @aivovTal oTo oXNua 2.5.

\Y

Zxnua 2.5. Xapaktnpiatik Kar oUuBoAo 16aviki¢ aveéaprning mnyns peUUATos

O I18avikég eapTNUEVES TTNYES PEUMATOG: €ival OTOIXEIO KUKAWPATOG OTTOU
éva pelpa i pia Tdon o€ KATrola AAAN B€on Tou KUKAWPATOG KaBopifouv To peu-
Mo TOUG.
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EtTopévwg, pia TETOoIa TTINYA UTTOPE va gival eAsyxouevn €iTe atrd pelpa €ite
atoé Téon.

Edv gival eAeyxopevn atrd katrolo pelpa l, 1oT1e
| =PB-I (2.3)
61Tou B 0TaBepdS adIAOTATOG CUVTEAEDTNG.
Edv givail eAeyxouevn atod karrola téon V, 101
lL=a-V, (2.4)

61ToU a 0TaBEPSG oUVTEAEDTNG e DdlaoTdoeig A/ V.

To KuKAwpaTikG ocUPBoAO piag 1IBaVIKAG eEapTnPEVNG TTNYAS PEUUATOS Ppaive-
Tal OTO OX. 2.6.

Zxnua 2.6. 20uBoAo 1davikng e€aprnuévng mnyns PEUUATOS

Baoikd koivéd yvwpIopa TwV avegapTnTwy Kal eEAPTNHEVWYV TTRYWY PEUPATOG
gival To 0TI, dev ITTOPOUE VA EKYPATOUUE TNV TACH CTNV TTNyr av ouvaptnon
TOU pelpaTdg Twv. Me GAAa Adyia, av To JOVO TTOU YVwPICOUPE gival To peupa
MIag TTNyNG pelpaTog, €ite ave€dptntng eite e€aptnuévng, eV €XOUUE OPKETEG
TTANPOYOPIES VIO VA TTPOCDIOPICOUNE TNV TAON TWV AKPODEKTWY TNG TTNYNG.
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2-3. Nopog Tou Qu (Ohm) kai UTTOAOYIOHOG TAONG,
PEUHATOG, AVTICTAONG

2-3.1. Nopog Tou Qu (Ohm)

H oxéon petagu Tou peupatog (1), Tng Taong (V) kai 1ng avriotaong (R) evog
avTIOTATN PEAETABNKE aTTd TOV [Eppavo emoTtApova Georg Ohm kai TTPOG Tiun
TOU ovouaoBnke vopog Tou Ohm.

O Ohm avakaAuwe 611 n éviacn Tou peUUATOC TTOU dIappPEEl Evav avTIoTATN
eivar av@Aoyn Pe Tnv 1G0N, OTA AKPA Tou avTiIoTATn. ‘ETOl, 0€ KABE TTEPITITWON
otav diaipouoe TNV TA0N UE TO PEUUA, TO ATTOTEAECHA ATAV TO idIO.

O vopog Tou Ohm dlaTuTTWVETAl WG £EAG:

2ynua 2.7. KikAwua ékppaong rou vopou tou Ohm.

Q H évraon Tou peUPaTOC TTOU dlappEel Evav avTIoTATH, €ival avaloyn TnG
TdoNG TTOU ETTIKPATEI OTA AKPA TOU.

onAadn

[En (2.5)

H xapaktnpioTik evog avTioTdtn (A ammAd avtioTaon) TTou atroTeAei TauTo-
XPOVa Kal TN YPOQIKN TTapdaTacn Tou vouou Tou Ohm, gival euBeia ypauun mmou
OlEpxeTal aTTd TNV apxn Twv agdvwy, OTTWGS Qaivetal oTo oXAUa 2.8.

E18ikég mepimrTwoelg: AUo €101Koi TUTTOI AvTIOTACEWY TTOU TTapouaIddouv
1I81aiTEPO EVOIOQPEPOV €ival TO aVOIKTO KUKAWUA Kal TO BpaxUKUKAwA.
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N KAion: epw=R

2ynua 2.8. Néuog¢ rou Ohm yia oraBepn) avrioraon

Q AVOIKTO KUKAWHMA: gival éva OTOIXEIO BUO AKPODEKTWYV TOU OTTOIOU TO PEU-
Ma gival undév aveEdptnTa ammo Tnv e@appolouevn KABe gopd TaoT.

21nv TPAEN, avoiKTd KUKAwUA £xouue 6Tav € KATTOIO0 ONUEIO TOU KUKAWUA-
TOG UTTAPXEI DIAKOTTA PE ATTOTEAECHUA VA PNV TTEPVAEI NAEKTPIKO peUQ.

H XapakTnpIoTIK €VOG aVOIKTOU KUKAWUATOG KAl TO KUKAWMATIKO GUPBoAO
TOU QaivovTtal oTo oXANa 2.9.

I=0 v

N~

KAion: R—o0
+ 0
V: auBaipetn

o

Zxnua 2.9. 20uBoAo Kai XapakTnpIoTIK) TOU QVOIKTOU KUKAWUATOC

Q BpaxukUKAwa: gival €va oToIxeio OUO akpodEKTWY TOU OTToioU N TAon
gival undév avegdptnTa ato 1o dIEPXOUEVO KABE Qopd peUQ.

21NV TPAEN BpaxukukAwua £xouue 6tav OUO onueia evog KUKAWMPATOG OUV-
0eBoUV pe aywyod PUNdEVIKNG avTioTaong.

H xapakTnpIoTIKr €vOG BPOAXUKUKAWMATOS KAl TO KUKAWMATIKO GUHBOAO TOU
paivovTtal oTo oxnua 2.10.



BAZIKA KYKAQMATA KAl EEAPTHMATA 4 43

\

=0 I: auBaipeTo kAion: R=0

_ 0 W

2ynua 2.10. 20uBoAO Kai XapakTnpIoTIKl) BPaXUKUKAWLATOS

2-3.2. YTOAOYIOHOG TAONG, PEUHATOS KAl AVTiOTAONG

ATTO 10 VOO0 Tou Ohm (oxéon 2.1.) ival EUKOAOG O UTTOAOYIOHUOG EVOG €K TWV
TPIWV PeyeBwv V, |, R gdv gival yvwaoTd Ta AAAa dUO UeyEDN.
Auvovtag mn oxéon (2.1) wg Tpog TNV TAoN TTPOKUTITEL:

V=[-R (2.6)

TéAOG yia Tnv avTioTaon TTPOKUTITEL
R= v (2.7)

‘Eva BoABnua yia Tnv €UKoAn Xprion Tou vouou Tou Ohm @aiveTal oTo Xwpel-
OMEVO O€ TUAUATA KUKAO Tou oxfuaTtog 2.11.

Tdon (V)

Peopa |Avriotaon

) (R)

Zxnua 2.11. O kUkAog Tou véuou tou Ohm

MNa va xpnoigotroinoeTe 1o foRdnua, ammAd KOAUWETE TRV TTOCOTNTA TTOU B€-
AeTe va Bpeite Kal KAVETE TOV TTOANATTAACIACHO A T dIAipECT TTOU UTTOBEIKVUETE.
M.x. KoAUyTe 10 R Kai 10 uttéAoITro Tou KUKAou deixvel Tnv Tdon (V) diaipepévn
ME TO pelpa (1).
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2-4. YTIOAOYIOHOG I0XUOG — EVEPYEING —
KOOTOUG NAEKTPIKING EVEPYEIAG

E@ooov 10 pelpa Kal n TGon gival TTooOTNTEG Ol OTTOIEG UTTOPOUV EUKOAA VO
uttoAoyioBouv, n 1IoXUG (P) TTou KaTtavaAwveTal g€ KATTOIO QOPTIO ) TIPOCPEPE-
Tal atrd KATToIa TTNYN €UKOAQ uTToAoyileTal aTrd Tn oXéon:

P=V-I (2.8)

H nAekTpikn evépyeia (W), TpoUtroBETel yvwaon Tng 1oXU0g (P) Kal Tou xpovi-
koU diaoTAaTOoG (1), yia To otroio {nreital kal utroAoyileTal atrd T ox£0n

W=P-t (2.9)

To KOGTOC TNG NAEKTPIKNG EVEPYEIAG UTTOPEI va KABopIOoTEN ATTd TNV TToooTNTA
TNG EVEPYEIOG TTOU KATAVOAWBNKE Kal TN XpEwaon ava Jovada evEPYEING. Zuvr)-
Bwg n xpéwaon divetal o€ dpaxuég ava KIhoBatwpa. ‘ETol, 1o k6oTog uttoAOYiCE-
Tal a1TO TN oX£oN:

KbéoTog = (Tiufy povadag evépyelag) x (evépyeia) =

= (dpx / KWh) x (KWh) (2.10)

2-5. MéETpnon NAEKTPIKWY HEYEOWV pE
™ BonOeia opydvwyv Kal COAAHATA HETPNOEWV

O1 NAEKTPIKEG PETPAOEIG XPNOIKMOTTOIOUVTAI VIO TOV EAEYXO KAl ETTOPEVWG VIO
TN CWOTA Kal atrodOoTIKA AEITOUPYIO TWV NAEKTPIKWY EYKATAOTACEWY, TWV NAE-
KTPIKWYV EEAPTNUATWY KAl TWV NAEKTPIKWY HINXAVWV.

KaTd TIG NAEKTPIKEG PETPAOEIS WE TN XPAON KATAAANAWY peBOSwVY Kal opyd-
vwyv TTpoadiopifovTal Ta dIdQopa NAEKTPIKA UEYEDN.
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2-5.1. Eidn opydavwyv Kal apXég AsIToupyiag autwyv

e Me Bdon Tnv apxn AsiToupyiag Toug, Ta KAAOIKA Opyava dIaKpivovTal OTIG

€€NC KATNYOPIEG:

a)

B)

Y)

9)

£)

Opyava oTpeTrToU TTRVIOU (| HayvNTONAEKTPIKA 6pyava): H Asitoupyia
TOUG oTnpideTal OTN POTTA TTOU AVATITUCCETAlI O OTPETTTO TTNVIO, TO OTTOI0
OlappéeTtal atrd NAEKTPIKO peUUA Kal BpioKeTal HEOQ OE PayvnTIKO TTEdI0 UO-
VIUOU PayVvATN.

Opyava KivnTou o18ipou (R nAekTpopayvnTiké 6pyava): H Asitoupyia
TOUG OTNPICeTal O€ PIa dUVAWN TTOU AOKEITAI 0TO O1dnpPouayvnTik® UAIKS, TO
oTToio BpiokeTal péoa og payvnTikd TTedio. To Tredio dnuioupyeital atrd Eva
oTaBepO TTNVIO, TO OTTOIO dlApPEETAl ATTO NAEKTPIKO peUNQ.

HAekTpoduvapikda épyava: H Asitoupyia Toug ival idia pe ekeivn Twv op-
YaAvwyv oTPETTTOU TTNVviou Pe TN dla@opd OTI UTTAPXEI NAEKTPOUAYVATNG avTi
MOvIUOU PayvATh.

HAekTpooTaTikd épyava: H Acitoupyia Toug oTnpieTal o€ nxavikég duva-
MEIG TTOU aoKoUvTal JETAEU CWUATWY TTou PpiokovTal uTrd Tdon.

Oepuikd 6pyava: H Asitoupyia Toug oTnpiletal oTn BepuOTNTA TTOU EAKUE-
Tal KATd TN d1EAEUCT NAEKTPIKOU PEUUATOC ATTO £vav aywyo.

oT) ETraywyikd épyava: H Asitoupyia Toug eival idla ye tn Asimoupyia Twv

aAcUYXPOVWY KIVNTHPWV.

e Me Baon 1o péyeBog TO OTTOIO PETPOUV, Ta dpyava diakpivovTal aTIG €ENG

KOTNYOPIiEG:

a)
B)

Y)
d)

£)

AMTTEPOUETPA: UETPOUV TNV £VTACH TOU NAEKTPIKOU PEUPATOG.
BoATépeTpa: eTpOUV TNV Tdon PETAEU OUO ONUEiWV.

Baréperpa: HeTpoOUV TNV I0XU TTOU ATTOPPOPA Wia KaTtavaAwaon.
ZUXVOMETPA: UETPOUV TN oUXVOTATA TOU EVOANACCOUEVOU PEUNOTOG.

OepupOpETPA: PETPOUV TN BEpUOKPATia VOGS CWHUATOG.

oT) Yypouerpa: HeTpoUV TNV Uypacia evog XwWpPou.

* Mg Bdon Tov TPOTIO E TOV OTTOIO PAG TTAPEXOUV TNV TIKI TOU PHETPOUNEVOU

MeyéBoug, Ta dpyava SIakpivovTal OTIG £€1G KATNYOPIEG:
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a) EvdeikTikd 6pyava: TTapEXouv HECw OEiKTN 1 pwTelvoUu OAUATOS 1 Ynol-
OKOU GUCTAMATOG TNV TIMN TTOU €XEI TO JETPOUUEVO PEYEBOG KATA TN OTIYMN
NG pETPNONG.

B) Karaypagikd épyava: karaypd@ouv autopata (apyd f ypriyopa) ouvap-
THOEI Tou Xpovou A dAAou peyéBoug To PéyeBog TTou PETPOUV.

y) AOpoioTikd dpyava: TTapéxouv aBpolioTIKA Thv TIUA evOog peyEéBoug atrd
KATTOIO XPOVIKA OTIYUR KAl JETA.

2-5.2. MéTpnon évraong — ARTIEPOHETPA

H évraon Tou NAeKTPIKOU PEUPATOG PETPIETAI PE EIDIKA Spyava, TO OMTTEPO-
peTpa. Me Baon Tnv apxn Asitoupyiag Twv opydvwy, OTTwG avagEPBnke oTnv
TTponyouuevn TTapdypago, dIATTIOTWVOUNE OTI OAa Ta Opyava, EKTOC Atmd Ta
NAEKTPOOTATIKA, UTTOPOUV va XPENOIUOTTIOINB0UV WG AUTTEPOUETPA, KABOTI N Ki-
vouoa POTTr Toug, oQeileTal oTn SIEAEUCT NAEKTPIKOU PEUNATOG.

H pétpnon éviaong o€ ouvexh peupaTa PTTopEi va yivel ge dpyava KivnTou
TTNVviou Kai Kivntou O1I0APOoU, VW Yia Tn HETPNON TAoNng o< evaAAaoooueva peu-
paTa Ta Opyava autd TTPETTEl va BI0B8ETOUV Kal avopBwTIKES DIATAEEIG.

Ta 6pyava KivnTou C18rpou, Ta NAEKTPOOUVAUIKA, Ta BEPUIKA KAl TA ETTAYW-
YIKG €ival KOTGAANAQ yio aTTeuBeiag PETPOEIG CUVEXWY Kal EVAAAACTOUEVWYV
PEUMATWY.

Ta auTTepOPETPA GUVOEOVTAI O€ CEIPA OTO KUKAWHA OTO OTToio BEAOUE va
MeTpriocoupe TNV éviacon. H alvdeon dpwg Tou opydvou aTo KUKAwHA aAA&lel
TNV KATAOTAON TTOU ETTIKPATOUCE TTPIV aTTd TN oUvOEon ETTEId QuUEAvETal N
avTioTaON TOU KUKAWHOTOG PE TNV TTAPEPPOAN TG ECWTEPIKAG avTioTaong r,
Tou opydvou. ‘ETol, uttdpxel c@AApa Katd Tn YETPNOoN TG £VTaong Tou pelua-
TOG.

270 KUKAWMO TOU TTAPAKATW OXAMATOG 2.12 TO AUTTEPOUETPO EC0WTEPIKNG
avTioTaong r, ouvo£BNKE yIa va YETPACEI TO PEUMA TOU KUKAWUATOG.

Mpiv atré TN oUVOECN TOU AUTTEPOMETPOU TO PEUMA TOU KUKAWHATOS ATAV |y =
V /R, evw PeTd Tn o0voeor| Tou To pevpa cival | =V / (R + r,). (BAére Keg. 30,
ouvdeoPoAoyia avTIOTACEWY O€ OEIPd).
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, R

Zxnua 2.12. Mérpnon évraong

To oxeTIKO OPAAUA HETPNONG TNG EVTAONG opideTal aTTd TN oXEoN:
AL

IO IO

Apa, oTnV TTEPITITWON AUTH, AUTO €ival:

vV oV
o=l bl _RR*,_ %
IO IO x r0+R
R
—=0=
1+
rO

AT1ré T oxéon auTth eival eavepod OTi:

2.11)

Av ry — 0, 1616 0 — 0. ETTOévwg, TO o@AAPa PETPNONG EAAXICTOTTOIEITAI, AV

N ECWTEPIKA QVTIOTAON TOU QUTTEPOMETPOU €ival TTOAU PIKPN.

Me Bdaon Ta TTapaTdvw, TA AQUTTEPOPETPA TTPETTEI VO KATOOKEUAZOVTAl E

2-5.3. MéTpnon Taong — BoATtoperpa

H nAekTpIKA Tdon petpiétal pe €181ké dpyava, Ta BoATOpETPA.

TTOAU WIKPA €0WTEPIKA avTioTaon r,. H avriotaocrh toug gival ouvRBwg pepikd
OékaTa ) ekaTooTd Tou (Q).

Me Bdaon Tnv apxni Acitoupyiag Twv opyavwy dIATTIOTWVOUUE Kal TTAAI (OTTwWG

KAl OTO QUTTEPOMPETPA), OTI OAQ Ta Opyava PTTopoUlv va XpnolpotToinBolv wg
BoATéueTpa, KABGOOV N KIVOUCO POTTA TOUug oPeiAeTal 0TN DIEAEUCT TOU NAEKTPI-
KOU peluaTOG.
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MNa tn pérpnon tdong Z.P. xpnolyotrolouvTal opyava Kivntou Trnviou. MNa T
péTpnon téong E.P. xpnoiyotrolouvTal dpyava BEpUIKA, ETTAYWYIKA KOl NAEKTPO-
OTATIKA.

MNa 1N pétpnon Taong Z.P. kai E.P. xpnoiyotroiouvtal épyava KivnTou o1dh-
pou £@odlacuéva e avopBwTIKES BIATAEEIG.

Ta BoAToueTpa cuvdéovTal TTAapAAANAAa GTO TUANA TOU NAEKTPIKOU KUKAW-
HOTOG TOU OTToiou BEAOUNE va PHETPACOUUE TNV TGon. H ouvdeon Sduwg Tou op-
yavou oTo KUKAwPA aAAGZel TNV KATAoTOoN TTOU £TTIKPATOUCE TIPIV aTTd T oUV-
deon, KABOOOV PEIWVETAI N AVTIOTOON TOU KUKAWHPATOG AOYW TNG E0WTEPIKNAG
AVTIOTAONG ry. ZUVETTWG, UTTEICEPXETAI KATTOI0 OQAAPQ OTN HETPNON TNG TAONG.

270 KUKAWWa Tou oxAuatog 2.13 1o BOATOUETPO €C0WTEPIKAG AVTIOTACNG Iy
OUVOEETAI YIa va YETPAOEI TV TAON OTa Akpa Tng avtiotaong R.

R

2ynua 2.13. Mérpnon raong

Mpiv ammd Tn ouvdeon Tou PBOATOUETPOU N TAON oTa dkpa Tng avriotaocng R
gival:
\Y R

V,=I-R= R = V,=V.
R+R, R+R,

R/,
R/ +R,
(BAéTTe Keg. 30, ouvdeooAoyieg avTIoTATEWV)

MeTd Tn ouvdeon n taon yivetal V,, =V -

Katotmv TpdEewv, To OXETIKO OQAAPa HETPNONG TNG TAONG TTPOKUTITEN ITO JE:
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_AV _V,-V, _ 1
o=——= =
V, \'A R+R,
RR,

(2.12)
(AP

AV ry = o0, T0TE 0 — 0 Kal ETTOPEVWG TO OQAAPA PHETPNONG EAAXIOTOTTOIEITAI,
éTav n €0WTEPIKA avTioTaon Tou BOATOUETPOU gival TTOAU PEYAAN.

Me Bdaon Ta TTapatrdvw, Ta BOATOUETPA TTPETTEI VO KOTAOKEUALOVTAI [E TTOAU
MEYAAN ECWTEPIKA avTioTaon.

21NV TTPAgn n avtiotacn Toug gival peyaAuTtepn ammo 10 (KQ).

2-5.4. Opyava mivaka

Q ‘Eva 6pyavo pETpnong TToU PHETPA PMOVO Wia aTrd TIG TToooTnTES V, |, R 0ovo-
MAZeTal Opyavo TTivaka.

AuTd Ta Opyava gival ouxva PoviNa cuvoedeuéva o€ Eva KUKAWUA, WOTE Va
MTTOpPEi KATTOI0G Va TTapaKOAOUBEi CUVEXEIQ TNV TIUN MIGG NAEKTPIKAS TTOOOTNTAG.
Ta épyava autd gival avaloyika f ynelokd. 1o oxAua 2.14 @aivetal éva avao-
AOyIKO Opyavo Trivaka.

Zxnua 2.14. AvaAoyiké épyavo mivaka

Ortav diafdaletal éva avaloyikd 6pyavo, wg TIWA PETPNong AauBaveral n TAN-
ol€aTepn €voeign MIKPATEPNG UTTOdIAipEDNG.

Mpiv diaBdaoete TNV £vOeIEn evOg avaloyiKoU opyavou TTPETTEI VA avayvwpi-
OETE TNV TIYA UTTOdIAIPECNG TNG KAIJOKAG.



50 ¢ KEDANAIO 2

Koité&re Tnv KAigjaka Tou opydvou oTo oxnua 2.14. MNaparnpeiote 611 UTTAp-
XEI Mo TTaxId ypauun avdapeoa oto 0 kal to 10. AuTh avTITTpoowTTeUEl 5 Pova-
0ec. MeTpAoTe TWpPA Tov apIBud Twv uTTodlalpécewy (OeuTEpEUoUCES UTTOdIAI-
péoeig) yeTagu Tou 0 kal 5. ApoU uttdpxouv 5 uttodiaipETElg aonuaivel OTI KABE
deuTepeliouaa utrodiaipean avTiTTpoowTrelel 1 povada. Apa, kaBe deutepelou-
oa uTtodIaipeon oTnV KAiJaka avTirpoowTrevel 1 pA.

‘ET0l, T.X. €AV n BeAdva deixvel Tn deuTepn uttodiaipeon de€id Tou apiBuou
30, n évdeign Tou opydavou Ba egivar 32 pA.

210 oXAua 2.15. @aivetal £éva Yneioko Opyavo TTivaka.

Zxnua 2.15. Yneiaké épyavo mivaka

2T1a 6pyava autd Oev UTTAPXEI avAYKN va ATTOQPACICETE TTolo UTTOdIdipEDn
gival n TAnoiéoTepn oto deikTn. H évdeign Tou opydvou gival cagng.

Ta wneiakd épyava xapaktnpeifovral amd Tov apiBud Twv Yneiwv TToU aTTEl-
Kovidouv.

Edv 10 M0 onuavTiké yneio (oTa apioTtepd) utropei va gival poévo 0 4 1 utro-
AoyiCeTtal oav pioo wneio. ‘ETol, 10 6pyavo Tou oxfpaTog 2.15 eival éva dpyavo

3 > Wnoiwv, Kal TTapOAo TTou aTToKaAsiTal 6pyavo PéTpnong 2 V, n EyIoTn Taon

TTOU UTTOPEi va peTproel givar 1,999 V.

2-5.5. NoAvperpa

Q MoAupeTpa ovouadovTtal Ta 6pyava TToU JTTopoUV va JETPROOUY OUO 1) TTE-
PICOOTEPEC NAEKTPIKES TTOOOTNTEG.

AuTG XpnolPoTTolouy Tov idI0 BACIKO unxavioud yia Tnv EvOeitn evog Peyé-
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Boug pe Ta Opyava TTivaka, hE T dIa@opd OTI £X0UV TTEPICOOTEPEG ATTO Mia Tu-
TTWHPEVEG KAIHAKEG OTNV TTPOCOWr] TOUG KABWG Kal £TTi TTAEOV KUKAWMOTA (S1AKO-
TITEG, AVTIOTACEIG, K.ATT.) OTO ECWTEPIKO TOUG.

Ta 6pyava autd ivai gite avaloyikd ) yn@iakd. 210 oxnua 2.16 @aiveral Eva
avoAoyIKO TTOAUUETPO.

Zxnua 2.16. AvaAoyiké ToAUuETPO

MapdT Ta didgopa avaloyiké TTOAUUETPA UTTOPET va @aivovTal dIaQOPETIKAY,
€V TOUTOIG OAQ £XOUV AEITOUPYIEG, TTEPIOXEG KAl KAIIOAKEG.
e H Aeimoupyia ava@épeTtal 010 PEyEBOG TTOU PETPIETAL.
* H 1Tepioxn ava@EépETal oTNV TIUN TOU PEyEBOUG TTOU UTTOPET va PETPNBEI.
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e To Troia kAipaka Tou opydvou Ba xpnaoipotroindei e€aptaTal Kal atod Tn Ael-

Toupyia Kai aTrd Tnv TTEPIOXA OTNV OTToia £XEl PUBUIOTEI TO Opyavo.

To TToAUMETPO TOU OXNPaTOG 2.16 éxel TEooepIg AsiToupyieg (DCV, ACV, Q kai
DCMA), 61TTwg @aivetal Pe TIG TEOOEPIG KUKAIKEG ayKUAEG yUpw atTd TO HEYGAO
O10KOTITN €MAOYAG. Z€ KABE Acitoupyia, cival dlaBéaiuog évag apiBuog KAIud-
KWV.

EkT66 a1rd Tn Acitoupyia (Q), n Trepioxn deixvel TN JEYIOTN TIUM TOU pEYEBOUG
TTOU PTTopEi va petpnBei oe pia dedouévn tepioxr). MNa tn Aeiroupyia (Q), n Tre-
ploxn Ocixvel TNV TIUA ME TNV OTToia TTPETTEI va TTOAAATTAQCIOOTEN N KAipaka Twv
Ohm.

210 oXAua 2.17 gaivovTal dUo TUTTOI WYNQIOKWY TTOAUHMETPWV.

2ynua 2.17. Yneiakd moAouerpa

2-5.6. MéTpnon avrioraong

Otav mpokeITal va ueTpndei hia avTioTaon, To TTOAUUETPO TTPETTEI TTIPWTA VO
MNdevioBei. AuTd yiveTal e TO TTEPIOTPOPIKO KOUMTTI TTOU QEpel TNV €vdeien Q
(BAétTe OYX. 2.16).

AuTé TTEpIOTPEQPETAI PEXPI TO Opyavo va dgigel 0 oTnv KAiyaka Twv Ohm étav
Ol OKPOOEKTEG PETPNONG €ival o€ eTTaQr] ETAEU Toug. H diadikaoia autr) yiverai
yla KaBe reploxn Asitoupyiag Ohm. Zta wneiakd TToAUPETpa, dev atraiTeital Té-
TOIO PUBUION.
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Ortav éva TTOAUPETPO AEITOUPYEI WG WHOUETPO XPNOILOTIOIET VA OTOIXEIO,
pTTatapia i Tpo@odoTikG TTou BpiokeTal 0TO €0WTEPIKG TOU. AnAadr], éxel TN OIKA
TOU TTNYN EVEPYEIQG.

Etmopévwg, TTpéTrel va atroouvdeBei otroladnmoTe AAAN TNy evépyeiag aTmo
TO KUKAWQ 01O o110i0 B0 eTpnBei n avriotaon. MNoTé pn geTpdaTe TNV avrioTaon
€vOG @opTiou OTav gival ouvdedeuévo Pe TINYNA evépyelag. Eav ouuPei kaTi Té-
TO10, TO WUOUETPO Ba TTaOEI (NuIG.

H diadikaoia pétpnong piag avriotaong givai n akdAoubn.

e AIQKOTITOUME TNV TTAPOXN 1I0XUOG OTO KUKAWA.

e EmAéyoupe pia KatdAANAn tepioxr otn Asiroupyia Twv ohm. H KatdAAnAn
TTepIoxn €ival auTr] TTou divel TNV KAAUTEPN AvAAUTIKEA IKAVOTNTA HETPNONG.

e Ortav xpnoigotroigital To avaAoyikd TTOAUUETPO, BPOXUKUKAWVOUUE (pépvou-
ME o€ €TTAQN]) TOUG aOKPODEKTEG NETPNONG. KaTdtiv, puBpifoupe pe To KOuRio
ohm, péxp1 o deikTng va d¢igel 0 ohm.

® >UuvOEoUpE I YEPVOUNE OE ETTAQPN], TOUG OKPOOEKTES METPNONG ME TOUG AKPO-
OEKTEG TNG CUOKEUNG TNG OTToiaG TTPOKEITAl va PETPNBEi n avTioTaon. EkTég
amod TNV TTEPITITWAON OPICHEVWV NAEKTPOVIKWYV £EQPTNUATWY, N TTOAIKOTNTA
TWV AKPOBEKTWYV TOU WHOUETPOU BEV £XEI onUaTia.

Otav petpdue avriotaon, dev TTPETTEI VA AyyiCOUPE Ta HETAANIKG pépn Twv
AKPOBEKTWV. Av yivel auTd, padi he TNV avTioTaon TOU KUKAWPOTOG HETPAUE KOl
TNV QvTIOTAON TOU CWHATOG Jag. AuTO dev gival eTTIKIVOUVO yia pag, dev Ba givai
OUWG owaoTH N YETPNOT TNG AvTioTAONG.

2-5.7. MéTpnon Taong

O1 yeTpoeIg TaoNG ival ol TTAéov €UKOAEG Kal auvnBelg. O1 UETPATEIS AUTEG
yivovtal pe ouvdedepévn 0To KUKAWWPA TNV 10XU. H diadikacia pétpnong tdong
gival n akdéAoubn.

e EmAéyoupe TN owaoTh Acitoupyia pérpnong tdong (AC yia evaAAacoduevo
DC yia ouvex£g).

e EmAéyoupe pia epioxr TaoNG HEYAAUTEPN aTTO TNV AVOUEVOUEVN TAON.

e KaBopifoupe TNV TTOAIKOTNTA TNG TAGNG TTOU TTPOKEITAI VO PETPHOOUNE €Ee-
TAdovTag 1o oXNUATIKO SIAYPAUMA ] TOUG AKPOBEKTEG TNG PTTaTAPIag. AuTd
TO BAMO TTapaAeitTeTal 6tav PeTpdue AC, €1eidf n TTOAIKOTNTA AvVTIOTPEPETAI
KGO KAAOUQ TOU BEUTEPOAETTTOU.
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e Yuvdéoupe Tov apvnTIKG (MAUPO) AKPOBEKTN TOU TTOAUPETPOU OTO apPVNTIKO
TNG TAONG TTOU TTPOKEITAl va PeETPNOEi. Ayyifoupe (] ouvdéoupe) To BETIKO
(KOKKIVO) akpodEKTN 0To BETIKO TNG TAong. Me dAAa Adyia, eAéyxoupe Tnv
TTOANIKOTNTO OTAV PETPAME TNV TAON ME AVOAOYIKO TTOAUMETPO. Edv dev yivel
auTd, n BeAdva Tou opydvou utropei va Auyioel oTny TTpooTTabEeId TNG va TTE-
PIOTPAPET QVTIBETO ATTO TO KAVOVIKO.

2-5.8. MéTpnon pevparTog

O1 petprioeig pelpaTog gival TTOAU TTIo OTTAvIEG aTTO TIG PMETPAOEIS TAONG N
avtiotaong. Autd cupBaivel yiaTti To KUKAWPO TTRETTEI va DIAKOTTET yIa TNV €100-
YWYRA Tou opydvou, KaBaoT yvwpidouue OTI TO QUTTEPOPETPO OUVOEETAI OE OEIPd
ME TO OTOIXEIO TOU OTTOIOU TO PEUNA Ba PETPHOEL.

H diadikaoia péTpnong evog pelupaTog gival N akdAouln.

e EmAéyoupue TN Asitoupyia p€Tpnong peUPOTOG.

e EmAéyoupe pia TepIoXh MEYAAUTEPN OTTO TO AVANEVOUEVO PEUQ.

*  AIOKOTITOUWE TO KUKAWQ.

e [lpooéxovTtag TNV TTOAIKOTNTA, CUVOEOUE TO TTOAUUETPO OTA GNEia TTou on-

HioupynBnkav atréd Tn SIGKOTT) TOU KUKAWUATOG.

2-6. E@apupoyég

Epappoyn 1n

‘Evag Aautrtipag €xel avrtiotaon 96 (Q). MNoio gival To pedua Tou AQUTITHPO
6tav cuvdéetal pe Tédon 120 (V).

Auon

E@appolovrag 10 vouo Tou Ohm (oxéon 2.5) TTpoKUTITEL:

=" ="2"_1=1,25(A)
96
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Epappoyn 2n

Mola gival n avtiotaon evog AautrTiipa TTou diappéeTtal atrod peuua 240 (mA)
orav ouvdeBei pe ptrarapia 12,6 (V);

Auon
E@appolovrag 10 vouo Tou Ohm (oxéon 2.7) TTPOKUTITEL:

V_ 12,6

1 24.10°

R= —~R=52,5(Q)

Epappoyn 3n

Mola Taon TTpéTTel va epapuooTei o€ pia avtiotaon 1 (KQ) woTte 10 digpxoue-
vo pelpa va gival 30 (mA).
Auon
Eg@apudlovrag 1o vouo Tou Ohm (oxéon 2.6) TTPoKUTITEL
V=1-R=(30-10%)-(1-10% =30 (V)

Epappoyn 4n

Méon 1ox0 atroppo@d uia BepudaTpa, n otoia étav cuvdéeTtal o€ Taon 240
(V) diappétal atmmo pevpa 11 (A);
Auon
E@apudlovrag Tn oxéon 2.8 TTPOKUTTTEL
P=V-1=240-11 = P =2640 (W)
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Epappoyn Sn

Mia TooTiépa diappéeTal atTd peupa 5 (A) otav TpogodoTeital atrd Tédon 120
(V). Moéon evépyeia katavaAwvel o€ 2 WPEG Kal TTO0O Ba KOaTiCel N AsiToupyia
NG €dv 10 KO6OTOG pIag KWh egivar 40 dpy.;

Auon
H atmmoppogoupevn atrd Tnv TooTIEPA I0XUG ival:
P=V-1=120-5 = P =600 (W)=0,6 (KW)
H evépyeia Tou katavaAwvel o€ 2 (h) TTpokUTITEl EQapUOlovTag Tn oxéon 2.9:
W=P-t=0,6-2->W=1,2(KWh)
To ammaitoupevo KOOTOG TNG TooTIEPAG (oxéon 2.10) eivai:
Kéotog = (dpx / KWh) - (KWh) =40 - 1,2 = KooTog = 48 dpX.

Epappoyn 6n

To pevpa dia péoou piag avtiotaong 100 (Q) ivar 200 (mA). MNdon evépyeia
METATPETTETAI O BEPPOTNTA OTNV avTioTaon o€ Xpovo 10 min;
Auon
H ammoppogouuevn atmmd Tnv avTtiotaon 10XU¢ eival:
P=V:-I=(1-R)-I=1?2-R=(200-103)2-100 = P =4 (W).

Emropévwg, n evépyela TTou PETATPETTETAI O€ BepudTNTA TTAVW OTNV QGVTIOTA-
on o€ xpovo 10 min eivai:

W=P-t=4-(10 - 60) = 2400 (J)

E@appoyn 7n

‘Evag Bepuoaiowvag €xel avtiotaon 1oxuog 3 (KW) kai Asitoupyei yia 3 h.
Molo cival To K6oTOG AcIToupyiag, €av N TIUA TNG KIABaTwpag ival 40 dpy.;
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Auon
H evépyeia TTou ammoppo@d o Beppoaigowyvag atrd 1o dikTuo €ival:
W=P:-t=3-3 = W=9 (KWh)
Etmrouévwg, 10 KOOTOG AcIToupyiag Tou gival:

Koéotog = (6px / KWh) - (KWh) =9 - 40 = KooTog = 360 dpX.

Epappoyn 8n

Mia oeipd atrd XpioTouyevviAtika ewTdkia diappéetal atmo peuua 1 (A) étav
ouvdéetal o€ Tadon 220 (V). Edv n Tipn NG kIAoBaTtwpag gival 8 dpx., TTOGO Ko-
oTiCel n AeiToupyia Toug Otav avawouv eTTi 40 WPEG;

Auon
H atmmoppogoupevn 1I0XUG atrd Ta QWTAKIA gival:
P=V-1=220-1 = P =220 (W)=0,22 (KW)
H katavaoliokwpuevn o€ 40 h evépyela givai:
W=P-t=0,22-40 = W = 8,8 (KWh)
Etmropévwg, 10 KOOTOG AsIToupyiag givai:
KéoTtog = (6px / KWh) - (KWh) =8 - 8,8 = KdooTog = 70,4 dpX

Epappoyn 9n

270 TTAPOKATW KUKAWHO TO QUTTEPOUETPO €XEl E0WTEPIKN avTioTaon 1 (Q).
Molo gival To CQAAUa PETPNONG TOU PEUUATOG;

,
e 200

A MWW
)

\

)
N
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Auon
Eg@apudlovtag Tn oxéon (2.11) TTpOKUTITEL:
1 1 1
0=——=—-—-=—=0,047 4 0=4,7%
1+R 1420 21
o 1

Etmopévwg, 10 o@dApa yétpnong Tou peupatog gival 4,7%.

Epappoyn 10n

To avahoyikd TTOAUETPO Tou OXNHaTOG 2.16 BpiokeTal oe Acitoupyia (Q), KAi-
paka x 1 K. H BeAdva deixvel TNV TpwTn utrodiaipeon apioTepd atmod Tnv utrodi-
aipeon 30. Mdéon avriotaon d¢ixvel To Gpyavo;

Auon

Avaueoa oto 30 kal aTo 50, uttdpyxouv dUO KUPIEG UTTOBIAIPETEIG, ETTOPEVWG
n k&Be pia éxel agia 20:2 = 10 yovadwyv. Avaueoa oto 30 kal 1o 40 uTTdpyxouv
U0 deuTepEUOUCEG UTTODIAIPETEIG, ETTOUEVWG N KABE pia €xel adia 10:2 = 5 po-
vAadwv.

Etreidn 1o 6pyavo deixvel Tnv TpwTn utrodiaipeon apiotepd Tou 30, deixvel
agia 35 povadwyv kal agou gival pubuiopévo otnv KAipaka x 1 K, n avriotaon
TToU O¢gixvel ToO Opyavo ivai:

R =35 1KQ =35 (KQ)

Epappoyn 11n

To avaAoyikd TTOAUPETPO Tou oxnuaTog 2.16 Bpioketal og Asitoupyia (DCV)
Kal 0 dIakOTITNG £TMAOYAG €ival ToTroBeTnuévog otnv KAigaka 1000. H BeAdva
O¢eiyxvel TV TTpwTn uttodiaipeon de€id Tou 7 oTnv KAipaka 0 péxpr 10. Moia tédon
deixvel To Opyavo;

Auon

Avdaueoca oT1o 7 Kal To 8 uttépxouv TTévTE DEUTEPEUOUCES UTTODIAIPEDEIG,
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ETTOUEVWG N KABE pia €xel agia 1:5 = 0,2 povadwyv. H €vdeiEn Tng KAipakag, gival
Aoitrév 7,2. H kAipaka opwg atré 0 £wg 10 TTpéTrel va TTOAAATTAQCIAOTED hE TO
100, yia va yivel icoduvapun pe TV KAipaka 1000.

Etropévwg, n 1don 1Tou deixvel To dpyavo ivai:

V=72-100 = V=720 (V)

2-7. NMpofARpara mpog Auon

1° NAaptrpag diappéetal amd peupa 1,6 (A) 6tav ouvdeBei oe Taon 240 (V).
Moia €ival n avTtioTaon Tou AQuTITHPA; (150 Q.)

2° Moéon téon xpeiadetal yia va TpokAnBei pory peupatog 1,6 (A) o€ yia ou-

okeur) Tou é€xel avtiotaon 30 (Q); (48 V)

3° Noia givai n 16XUC pIaC NAEKTPIKIAS BePUACTPAC TTou TPaBRd pelua 6 (A) aTro

Mia TTapoxn 220 (V); (1320 W)

4° Ta BepuavTIKG oToIXEia £vOG OTEYVWTAPA PpOoUXWV €Xouv IoXU 4 (KW) kai

Téon Aeimoupyiag 240 (V). Méoo pelpa KATAVOAWVOUY; (16,7 A)

5° Na Bpeite TNV 10%U TTOU KaTavaAwveTtal o€ avTiotaon 100 (Q) n otroia diap-

péetal ammo pevpa 0,2 (A). (4 W)

6° 2uokeun dlappéetal atmd peupa 1,5 (A) 6tav Tpo@odoTEiTal aTTd PTTaTApia

12 (V). Mbéon evépyela ammoppoPd o€ 2 WPEG; (36 Wh)

7° Eva NAekTpIKS 0idepo Asitoupyei oe Taon 220 (V) kai dlappéeTtal amd pelua

15 (A). Edv n xpéwon givar 20 dpx. avd kiINoBatwpa, TTOCO KOOTICEl N Agl-
TOUpPYia TOU YIa 2 WPEG; (132 6px.)
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80

90

10°

11°

‘Evag AaumiTipag TTUpoKTwoews Asitoupyei e 1aon 220 (V) kal katava-

Awvel 1oxu 150 (W). Mola Ba gival n évraon Tou peUpaTog TTou Ba diappé-
€1 TOV AQUTTTAPA Kal TTola N avTioTaar) Tou. (0,682 A, 322,67 Q)

H avrtiotaon evog nAektpikol Bepuoaipwva ival 30 Q kal emTPETTEI va
mepdoel peupa 10 (A). Metd atrd TTO00 XPOVO AEITOUPYIAG KATAVAAWVEI
evépyeia 4 (KWh) kai méoo Ba koaTioel €dv n xpéwon gival 20 dpx/ KWh;

(1,33 h, 80 &py.)

To avaAoyikd TTOAUPETPO Tou oxAuaTog 2.16 Bpioketal oe Asiroupyia (Q),
KAipaka x 10 K. H BeAdva deixvel Tnv Tpwtn uttodiaipeon 6€gid Tou 30.
Moéon avriotaon &¢ixvel To Opyavo; (280 KQ)

To avaloyikd TTOAUUETPO TOu OXNpaTog 2.16 PBpiokeTal oe AsiTtoupyia
(DCV) kai 0 d1akdTITNG ETTIAOYNG €ival TOTToBeTNPEVOG OTNV KAipaka 1000.
H BeAdva deixvel Tn deuTepn uttodlaipean apioTePd Tou 7 aTnV KAipaka 0
péExpr 10. Moia Taon deixvel To 6pyavo; (660 V)
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Eicaywyn

2T0 KEQAAaIo auto TTeplypd@ovTal BACIKES TOTTOAOYIKES EVVOIES TwWV NAEKTPI-
KWV KUKAWUGATWYV Kai 0Tn GUVéEXEIQ o Vool Tou Kirchhoff ue Lepikés epap-
OYEC TOUG.

2KOTTOC TOU KEQaAdiou gival, va avamTuéouyv ol UabnTéC EUXEQEIT OT £Qap-

poyn Twv vouwv tou Kirchhoff, kai €IIKOTEPA TE ONUAVTIKES EQAPUOYES
(ouvdeouoAoyieg avTIOTAOEWVY, TTHYWV, OIAIPETWY TAONS Kal PEUUATOG).
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3-1. TomoAoyikoi opIoHOI

2€ OAoug Tou KAGdoug TNG HAekTpOoTEXVIAG XpnoiuoTTolEiTal TTARBOG NAEKTPI-
KWV CUCKEUWYV, Ol 0TToie¢ auvdéovTal pe didpopoug TpéTTOUG. To GUVOAO TTOU
TTPOKUTITEl ATTO TIG OUVOEDEIG AUTEG OVOPACZETAl KUKAWMA A SikTUO. ZuvhBwg,
0 0pOG KUKAWHO XPNOIKOTTOIEITAI VIO ATTAEG OUVOEDEIG, VW O 6pog BIKTUO YIa
TTOAUTTAOKEG OUVOEDEIG.

Q KAddog: Eival otroladrmoTte oudda ouvOoedENEVWY OTOIXEIWY TTOU OXN-
MaTilouv €va oUvOAO BUO AKPOJEKTWYV, «MIA YPAUUA» aTnV oTToiav opifovTal ol
ouvapTAoelg v(t) kai i(t).

v(t)=vag(t)
— —
A i(t) B
Zxnua 3.1. KaBopiouog kAadou

Q Koéppog: Eival o koivog akpodEKTNG, OnAadr] To GnueEio GTo OTT0i0 KATOAR-
youv 0UO0 1) TTEPICTOTEPOI KAGDOI. AloKpiveTal g€ aTTAG Kal oUvOeTo KOWPO.

ouUvBeTOG KOUBOG

N
/l/
atrAGg
kOUBog j ; i §

Zxnua 3.2. KaBopiouog kouBou

Q Bpodxog: Eival otroiadntrote KAeIOTH diadpour KAAdwyv. AlakpiveTal o€
atTAS Kal un atrAd Bpoxo.

Ta NAekTpIKA KUKAWPOTA avaAoya e To PEYEBOG TwV OTOIXEIWY TTOU TTEPIE-
XOUV O€ OX£0N ME TO MAKOG KUPATOG TNG OUXVOTNTAG AEIToupyiag Toug, diakpivo-
vTal o€ 600 KATNYOpIEG.
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Bpdxog 2, 4, 5: atrAdg
Bpdxog 2, 3, 1: 6x1 atmrAdg

Zxnua 3.3. KaBopiouog Bodyou

QO ZuykevTpwpéva KUKAWMATA: Ta OTOIXEID TWV KUKAWPATWY QUTWV £X0UV
MEYEBOG TTOAU PIKPOTEPO ATTO TO PAKOG KUMATOG TNG OUXVOTNTAG AEITOUPYIaG.

AUTO €xel Gav CUVETTEIQ YIO OTOIXEIa OTTWG TT.X. Tou o). 3.1., n Tdon v(t) va
TTpoodiopifeTal he PETPAOEIS OTOUG aKPOdEKTEG A Kal B kal To pelpa i(t) TTou
MTTaivel 010 KOMPBO A va IcoUTal e TO peUA TTOU KATAARyel oTo KOuBo B.

O Karaveunuéva KUKAWpaTta: Ta oToixeia Twv KUKAWHPATWY auTwy £X0UvV
OUYKPIOIUO PEYEBOC PE TO PNKOG KUPATOG TNG OUXVOTNTAG AEITOUpYiag.

AUTO £xel oav CUVETTEIQ, TO peUMa OTnV £€€000 O€ KABE XPOVIKA OTIYUN va
gival dlapopeTIKG aTrd TO peUA €106d0U.

H avdAuon T€Toiwv KUKAWMATWY atraitei EexwpioTh Bewpia n ottoia AapBdavel
uTTéYnN TNG TNV Katavoun tTou H/M 1rediou TTou avatrtiooetal Katd T diddoon
™™g H/M 1ox00¢. TéTola KUKAWwaTa dev e¢eTalovtal ato BIBAio auTd.

3-2. Zuppaoceig avag@opag

Avagepduevol ato oX. 3.1 Tmaparnpoulue O61I, To pelua Kal n Taon divovrai
atrd KATTOI0UG apiBuoug, o1 oTToiol YUOIKA dev pag divouv TTANPOYOopIES yia TN
POpPa Tou PeUPATOG aTOV KAASO, OUTE YIA TO TTOI0G OKPODEKTNG BPICKETAI O€ Wh-
AOTEPO 1) XAUNAOTEPO BUVAIKO.

Ma va éxoupe TIG TTANPOQYOpPIEG aUTEG OpioupEe O€ KABE KAGDO @opd avago-
PAg PEUHATOG KAl TTOAIKOTNTA ava@opdg TAoNG.
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‘ET01, AéyovTag OTi v(t) > 0 evvooupue 6Tl TO SUVOUIKO OTOV aKPOOEKTN A ival
MeYaAUTEPO atrd TOo SduvapIKO oTov akpodékTn B. Aéyovtag etriong, ot i(t) > 0
EVVOOUE OTI BETIKA QopTia PTTaivouv oTov KAGdo atrd Tov akpodEékTn A kal Byai-
vouv atré Tov akpodEKTn B Tn Xpovikni oTiyun t.

Eival @avepd 611, n @opd ava@opds peUPATOS Kal N TTOAIKOTNTA ava@opds
Tdong uTTopoUV va ekAeyolv auBaipeTa. ZTnv TTEPITTTWON Tou OX. 3.1 I0XUEl

v(t) - i(t) > 0

Kai Ogixvel TNV 10X0 TTou kKaravaAwverar (aTToppo@aTal) atrd TO OTOIXEIO TOU KAG-
dou. ZTnVv avTifeTn TTEPITITWOT, dEiXVvel TNV 10XV TToU arrodidel TO OTOIXEIO TOU
KAGdou 010 UTTOAOITTO KUKAWWQ.

2TNV TTPWTN TTEPITITWON AEPE OTI, EXOUME POPA Kal TTOAIKOTNTA CUCXETIOME-
VEG KAl OUVABWG QUTEG XPNOIMOTTOIOUVTAl OTAV aVAAUCHN TwV NAEKTPIKWY KU-
KAWUATWV.

Q MoAikétTnTa [ @opd avagopdg Bpdxou: Eival n gopd Kivhong Twv del-
KTWV TOU poAoyloU 1) n avTiBern.

Vi

V4 V2

- +

/- PN
Vs y
Popa avaPopdis KAGdou

Zxnua 3.4. lNoAikétnTa i popd avagopds Bpdxou
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3-3. Nopoi Tou Kipkweo (Kirchhoff)

H olvdeon Twv NAEKTPIKWY OTOIXEIWV (AVTIOTACEWY, TTUKVWTWY, TTNViwy,
TINYWV) OTA KUKAWPOTA BETEI OPICPEVEG OUVONKEG OTIG OXETEIG TAOEWV KAl PEU-
paTwv. O1 ouvenkeg auTég gival yvwoToi wg vopol Tou Kirchhoff amré 1o évopua
Tou Gustav Kirchhoff o omroiog TTpwTog TOUG BIOTUTTWOE OE PIA EPYOTia TOU N
otroia dnuooielTnke 170 1848. Toug vOuOUG auToUG BEXOUAOTE WG BATIKA agIw-
MOTO TWV NAEKTPIKWY KUKAWUATWY.

Q Népog Twv peupdtwy Tou Kirchhoff (N.P.K.): To aAyeBpikd aBpoiopa
TWV EVTACEWY TWV PEUPATWY O€ KABE KOUBO TOU KUKAWMOTOG IcoUTAl E UNBEY,
onAadn,

>1.=0 (3.1)
k=1
(To oupPBoAo Z TrapioTdvel To aAyeBpikd dBpoioua)
- To pevpa |, TTou e1o0péel (e10€pxeTal O€ €vav KOUPO) Bewpeital wg BETIKO Kal
AapBavertal ye TPoOGNUO (+).
- To pelpa TTou ekpéel (atmoxwpei) amd Evav kOuPo Bewpeital wg apvnTiko
Kal Aaupavetal ge poéonuo (-).

Zxnua 3.5. Eeapuoyr rou N.PK.

2uvettwg n epappoyn Tou N.P.K. yia Tov k6o A Tou oxAuatog 3.5 divel:
4
Zlk=0:l +l,-1,=0
k=1

Q Noépog tdoswyv Tou Kirchhoff (N.T.K.): To aAyeBpiko GBpoioua dAwvV Twv
Taoewv o€ KABE BPOXO VOGS KUKAWMPOTOG IcoUTal e undEv, dnAadn,
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SV, =0

k=1
- H 1don Vi AapBdaveral ge rpdéonuo (+), €dv n gopd avagopds oTtov KAGdo
(+ — -) oupTiTITEl YE TN OopPd avagopds Tou PPoxou (Popd Kivnong Twv OEIKTWV
TOu poAoyioU), SIaPOPETIKA AauBAveTal PJe TTPOCGNMO (-).
‘ETol1, o N.T.K. yia 10 Bpdxo Tou oxnuartog 3.6 traipvel Tn Jop@n:

4
ka=0:>V1 'V2+V3+V4=0
k=1

Vi

V4 V2

Vs

2xnua 3.6. Egappoyr rou N.T.K.

3-4. E@apupoyég Tou vopou Tou Ohm kal Twv vOpwyv
ToU Kirchhoff

3-4.1. ZuvdeopoAoyia AVTIOTAGEWV

O1 avTioTdoeig wg Bacikd oToIXEIO TWV NAEKTPIKWY KUKAWPATWY UTTOPOUV va
ouvOeBoUV e BIOPOPETIKOUG TPATTOUG, avAAOYa HE TO TI ETTIOIWKETAI KAOE popd
atrd auTtdv TTou OUVOETEN éva NAEKTPIKO KUKAwA.

Ma v KaAUTEPN OPWG KAl EUKOAOTEPN QVTIUETWITTION OUVOETWY KUKAWUA-
TWYV, TTAPOUCIAZeTal TTOAAEG QOPEG N avaykn avTIKaTtdoTaong evog CUCOTANOTOG
avTIOTACEWYV JE JIa 1I000UVauN avTioTaon, oTa AKPaA TNG OTToiag Ba ETTIKPATEI N
idla Taon pe TNV Tdon TWV AKPODEKTWY TOU CUCTHHATOG TWV AVTIOTACEWY KAl
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Oa diappéeTal atd 10 idI0 peUua TToU dlappéel TO CUCTAPA TWV AVTIOTACEWYV
AUTWV.

21n ouvéxela egeTddovTal avaAuTikd o1 diId@opol TPOTToI CUVOECUOAOYIag avTi-
OTACEWV TTOU GUVAVTWVTAI TNV TTPAEN.

a) ZuvdeopoAoyia avTIoOTACEWV O€ oLIpd

Q AuUo 1) TTEPICOOTEPEC AVTIOTATEIC €ival ouvdeTUOAOYNUEVES OE OEIpd, OTav
TO TEAOC TNC MIOG QVTIOTAONG OUVOEETAI YE TNV apxn TNS AAANG K.0.K. Kal Oev
uTtdpxel TTouBevd onueio AWng (S1akA&Gdwaon) avauesd Toug, WaTe OAEC Va
dlappéovtal atod 1o idlo pevpa.

Ri Rz R,

+ V1 - + V2 — + Vn_

Zxnua 3.7. 20vdeon avrioTAoswy O€ OEIpa
MNa v eupeon g 1I00dUvaung avriotaong R, epappoloupe 1o N.T.K.
DV, =0=V,+V, +V +. 4V, -V =000
k=1

'R+ 1R, +1-R,+...+1-R =V =

10080vapo KUKAwa )I-R1+I'R2+I'R3+---+I'Rn=I'RO/\:>
Roa= R+ R+ R;+ ... + R, B (3.3)

& lNaparnpnoeic

e H icoduvaun avriotaon Ry, €ival peyoAuTepn Kal atmd Tn JEYOAUTEPN QVTi-
artaon.

e Edv 6Aeg o1 avrioTaoelg gival ioeg (Me TIpA R) 101e R, = n - R.
B) NapdAAnAn ocuvdeopoAoyia AvTIOTATEWV

Q AUo A TTEPICOOTEPES AVTIOTACEIG €ival cuvdEOUOAOYNUEVESG TTAPAAANAQ,
oTav €xouv Koiva dkpa pe atmoTéAecpa va Bpiokovtal OAeg aTtnyv idla Taon.
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Zxnua 3.8. NapdAAnAn ouvdeon avriotdoewv

MNa tnv eupeon 1I00dUvapn avriotaong Ry, epappoloupe 1o N.P.K. oTov kKO-
Bo A

Z|k=0:>|-l1-|2-|3-...-ln=Oﬂ>l=1+l+l+...+l
k=1 1 R2 R3 Rn
10080vapo KukAwpa vV :l+l+l+_“+l:>
ROA R1 R2 R3 n

— =t —+—+ (3.4)

& [Maparnpnoeis
e Hiooduvaun avtiotaon Ry, €ival HIKpATEPN Kal ATTO TN MIKPOTEPN AVTIOTACN.

* Av 0Aeg o1 avTioTdoelg gival ioeg (e T R), 101€ Ry, = R/N
. — R1'R2
e AvVR,//R,T0TER,, = m

Y) MikT} cuvdeopoAoyia avTiIoTACEWV

Q Eival n ouvdeopoloyia oTnv OTT0ia CUVUTIAPYXOUV 01 OUO TTPONYOUUEVES
TTEPITITWOEIG KAl VIO TNV EUPECN TNG 1I000UVANNG avTioTaong Ry, epapuoloval
0l KAVOVEC TTOU TTPOEKUWAYV OTIG TTEPITITWOEIC QUTEG, E TN OEIpd TTOU ETTIBAAAEI
TO EKAOTOTE NAEKTPIKO KUKAWWA.

‘ET0l, yia 1o oxrua 3.9 n icoduvaun avriotaon givai:

. R,+R,)-(R,+R,)*+R, R
RO/\:R1+R2 //R3+R4:R1+ R2 R3 ( 2 3) ( 1 4) 2 "MN3
R R2+R3

+R, =R, =
2 3
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R2
R1 R4

Rs

2xnua 3.9. Miktn ouvdeon avrioTdoswv

3-4.2. ZuvdeopoAoyia Tywyv Taong

Kd&Be «tTpayuatikfy 1Ny Tdong XapakTnpietal ammo Pia NAEKTPEYEPTIKNA OU-
vaun (H.E.A) E (tédon ota dkpa 1ng, 6tav d¢ diappéetal atrd peUa) Kal oo hia
EOWTEPIKNA avTioTaon r.

O1 TTNy£G TaoNG WG BACIKA OTOIXEIO TWV NAEKTPIKWV KUKAWUATWY PTTOpOoUV
va ouvdeBouv e dl1agopoug TPOTTOUG avaAoya e To TI ETTIOIWKETAI KABE popd
atré auTov TTOU CUVOETEI Eva NAEKTPIKO KUKAwPA. AuTO BI0TI KABE TNy TAoNg
MTTOpPE va dwael éva pelpa TTou dev PUTTOPEi va EETTEPATEl KATTOIA OPIAK TIUA, N
otroia kaBopilel TIg duvaTdTNTEG AUTAG. AV OUWG UTTAPXEI avAyKn MEYAAUTEPNG
Tédong 1 peyaAuTepou peUpaTog A Kal Ta dU0 padi, TéTe TTPETTEI va ouvOEBoUV
OUO0 1 TTEPICOOTEPEG TTNYEG TAONG PAdi.

21n ouvéxela egetadovtal avaAuTikd ol d1a@opol TPATToI GUVOETOAOYIag TTN-
YWV TGoNG TTOU GUVAVTWVTAI OTNV TTRAEN.

a) ZuvdeopoAoyia TTNywyv Tdong o€ oeipd
Q AUo 1} TTEPIOOOTEPEC TTNYES TAONG €ival ouvdedepéveg o€ aElpd, OTAV O ap-

vNTIKOG TTOAOG TNG PIAg cuvdEeTal PE TO BETIKO TTONO TNG ETTOPEVNG K.O.K.

Eq.r Eoro Esrs Enfa

(+) =)
Zxnua 3.10. Zovdeon mnywy 1d0nNg o€ oIpd
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To 100dUVAPO KUKAWHPO QUTAG TNG CUVOECOAOYIAG gival TTPOQAVWG YIa TTNYA
TAoNG ME TA €EAG XOPAKTNPIOTIKA:

E,=E +E,+E,+..+E

n

(3.5)
Toan =T+t + 1,

2Tn oUvdean auTh dev €ival ATTAPAITNTO Ol TTNYES va €ival atTOAUTA OUOIEG,
aAAd va gival Tou autoU TUTToU. Agv UTTOPOUNE VO OUVOECOUE TT.X. £éva Enpod
OTOIXEIO HE CUOOWPEUTEG A HE NAEKTPIKEG TTNYEG TTOU divouv peUpa o€ Blounxa-
VIKA KAipoKka.

& llaparnpnoeig

e Eav 6Aeg o1 TTnyég gival atmoAuTa opoleg (Er), T1ote Egy=n - Ekalrgy,=n - r.

e ET1re16ry oTn oUvdeon auTr) TTAIPVOUME HEYAAN TACN, AEPE OTI EXOUPE GUVOEQDT
KATd TAOT).

® Av 0oTn oUvdeon auTh avTiIoTPa@ouV ol TTéAoI Jiag TINYAS (T1.X. TNGS E,), Aéue
611 n E, gival ouvoedepévn PeE TIG UTTOAOITTEG KATA AVTIOEON. ZTnV TTEPITITWON
auTn 1IoXUEL

EO/\=E1-E2+E3+"'+EH KGI r0A=r1+r2+r3+...+rn

B) MapdAAnAn cuvdeopoAoyia TTHywv Tdong

Q Avo 1| TTepIcCOTEPES TTNYEG TAONG €ival ouvoedepéveg TTAPAAANAa, oTav
oMol o1 BeTikoi TTOAOI ouvdEovTal o€ KoIvO KOPPBOo Kal 6Aol oI apvnTIKoi o€ GAAO
€TTiIONG KOIVO KOUBoO.

(+)
Zxnua 3.11. 20vdeon mnywv 1édong mapdAinia
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To 1008UVAPOo KUKAWMA TNG ouvdEOPOAOYIag QUTAG ival TTpOQAVWG YIa TTNYA
TAONG ME TA €£EMG XAPAKTNPIOTIKA:

(3.6)

21n o0vdeon auTr, yia TNV KAAR atrodoorn TG oUoToIXiag TTPETTEl Ol TTNYEG
va gival atréAuTa OPOIEG. ZTNV avTIOETN TTEPITITWON OI TTNYEG JE TN MEYAAUTEPN
HEA 6a oTtéAvouv pelpara o€ ekeiveg he Tn WIKpoTepn HEA, akdun kal av 1o
€EWTEPIKO KUKAWMA gival avolkTo. AuTd gival Ta Aeyoueva "peUpaTa KUKAO@oO-
piag" Kal £xouv wg atmmoTéAECa o1 TTNYEG va e€avTAoUvTal TTpwToU XPNOIKUOTTOI-
nBouv.

& [Naparnpnon

e ETme1d6ry otn ouvdeon autr PTTOPOUHE VA TTAPOUNE PEUNATA UE TTOAU PEYAAN
Evraan, AéUe OTI €xoupe oUVOEDN KATA EVTaOT.

y) MIKTA ouvdeopoAoyia Tnywyv Tdong

Q Eival n ouvdeopoloyia oTnv OTToia CUVUTIAPYXOUV o1 dUO TTPONYOUUEVES
TTEPITITWOEIC KAl yIa TNV €Upecn TNG 100d0vaAPNG TNYNS Tdong €QpapuoloupE
TOUG KAVOVEC TTOU TTPOEKUYAV OTIC TTEPITITWOEIC QUTEG, ME TN OEIpd TTou ETTIRAA-
A€l TO EKAOTOTE NAEKTPIKO KUKAWWQ.

‘ET01, yIa TO KUKAwPa Tou oxAuartog 3.12 n 1coduvaun 1Ny 1aong £Xel 1a
€€NG XAPAKTNPIOTIKA:

Eorn=n-Ekairy, =0T (3.7)

H ikt ouvdeopoloyia TTnywv TAong XPNOIYOTIOIEITAI O EQAPHOYEG OTIG
OTToieC aTTaITEITal MEYAAN TAOT KOl JEYAAO peUpaA.
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n: Ty£G TdoNg
o€ KaBe KAGdo
m: TTARB0G KAGOWV

)
Zxnua 3.12. Mikry ouvdeaoAoyia Tnywy 1dong

3-4.3 A1aIpETEG TAONG KAl PEUHATOG

o) AlaipéTeg TAONG

IMOAAEG QOPEG -1B8IWG O NAEKTPOVIKA KUKAWUATO- yIO TOV KATAPEPIOPO TNG
Tdong o€ OUO 1 TTEPICOOTEPEG AVTIOTACEIG, XPNOIMOTIOIEITAI TO TTAPOKATW KU-
KAWMA yvwOoTO JE TO dvopa «S1aIpETNG TAONGY».

R

Y

+ V-

Zxnua 3.13. KikAwua oiaipérn raong
A1é 1o N.T.K. £xoupe

Vv

V=V+V, =R, + IR, =I=
17 V2 1 2 R +R,

Apaq,
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V, =R, v1=RFjR v
= L (3.8)
V, =IR, V,=—2 .V
R,*R,

onAadn,

O n tdon oTta Akpa PIag avTioTaong IcoUTal JE TNV TACN TTOU £QApUOleTal
OTO KUKAwpa (OAIKA Taon) TTOAAaTTAaCIaopéVn PE €va KAGOPA TOU OTTOioU O
apiBunTAg €ival N avtiotaon auTh Kal O TTAPOVOUACTAG €ival To dBpoIcua Twv
OEIPIOKWY QVTIOTACEWV

& lNaparnpnoeig

e Q1 0800 avTIoTAoEIG UTTOPEl o€ éva TTOAUTTAOKO KUKAWHA va avTITTPOCWTTEU-
OUV OUCTAMATA AvTIOTACEWYV N KaBeuId, apKei T CUCTAPATA AUTA va gival
ouvoedepéva oe oeIpd.

e O diaipé€Tng TAONG UTTOPEI VO EQAPPOCTEI KAl OTN YEVIKN TTEPITITWON KATA TNV
otroia pia TNy Tédong V 1pogodorTei n avtiotdoeig Ry, R,, ..., R, ouvdeopolo-
YNUEVEG O€ OeIpd. XTNV TTEPITITWON AUTH IOXUEL:

R

V. = ' -V, o6moui=1,23,...,n
R,+R,+..+R,

B) AlcipéTng peUPATOG

A TOV KATAUEPIOPO TOU PEUNATOG OE DIAPOPETIKOUG KAAOOUG XpNCIUOTTOIEI-
TQI TO TTAPAKATW KUKAWUA, YVWOTO PE TO OVOUA «BIaIPETNG PEUUATOGY.

)

Ri Vv R»

Zynua 3.14. KikAwua d1aipérn peduarog

A6 170 N.P.K. éxoupe:
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|=I1+|2=—+1=V [i,riJ:V R, *+R, V= R, R, |
R R, i R, 'R, R,+R,

Apa,
_V _ R,
I1__ |1— .

M 3.9

| =l . = R1 N (3.9)
2 R, 2 R +R,

dnAadn,

Q 10 peUpa o€ Pia avtioTaon IcoUTal e TO OAIKO PEUMA, TTOAAQTTAQCIAOUEVO
ME €va KAAopa Tou oTToiou 0 apiBunTAG gival n GAAN avTioTaon Kal 0 TTOPOVONO-
oTNG €ival To dBpoicua Twv dUO TTAPGAANAWY AVTIOTACEWV.

&= lNaparnpnoeic

e Q1 000 avTIOTACEIG UTToPEl 0€ éva TTOAUTTAOKO KUKAWHA VO QVTITIPOCWTTEU-
OUV CUCTAMATA AVTIOTACEWYV N KaBeUId, apKei T CUCTAPATA auTd va gival
ouvdedepéva TTapAAAnAa.

e O dIaIPETNG PEUPATOG UTTOPET VO EQAPPOOTEN KAl OTN YEVIKA TTEPITITWON KATA
TNV oTroia pia TTNyR peupatog | tpogodotei n avtiotdoeis Ry, R,, R, ..., R,
ouvdeapoloynuéves TTapAAANAQ.

2TNV TTEPITITWON AUTH IO0XUEL:

| = ! 3 A, omouj=1,2,3,...,n

3-4.4. PuOpi{opeveg avrTioTAOEIS

Q Eival avTioTdoeIg Twv OTToiwv N TIUA PTToPEl va aAANdEEl cUP@WVa PE TN
B¢An0oN pag Kal TTAVTOTE HECO OTA OPIa Wi TTEPIOXNG TIMWY TTou diveTal atrd Tov
KOTAOKEUAOTH.

O1 avTIOTAOEIG QUTEG XPNOIKMOTTOIOUVTOI WG POOOTATES KAI TTOTEVOIOUETPA.
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a) PoooTdoTeg

Otav BéAoupe va puBpicoupe Tnv éviaon Tou PeUPOTOG O€ éva KUKAWQ,
ouvdéoupe o€ oeIpd pia pubpIfduevn avTioTaon TTou OVOUAZETalI POOOTATNG.
‘Evag pooaTdaTng £xel U0 akpodEékTeG A Kal B kai pia evdidueon Afwn I (oxn-

pa 3.15).
R r

*B
A

Zxnua 3.15. 20vdeon poooTdrn

Av petakivijooupe 1o dpopéa (onueio IN) peTaBAAAETal N avTioToon Tou Ku-
KAWMATOG KAl KATA CUVETTEIQ N €VTAoH TOU PEUUATOC TToU dIappEEl TO KUKAWUQ.
21N YEVIKA TTEPITITWOT 1I0XUEI

V

3.10
RiR. (3.10)

H TTepioxn TINWV yia To peUpa | kaBopiletal ato Tig akpaieg Béoeig A, B. ‘ETol,

. . \Y
evw, eav M'=A 16t1e | =—

cav =B1o1e | . = .
min
+ RAB R

ETTopévwg, n TePIOXA TIMWV Yia TO peuua | givar:

VoLV

R+R,, R

Kal e€apTdTal QUOIKA aTTd TNV TINA Ryg.

B) MotevoidueTpa

Otav 6éAoupe va puBuiocoupe TNV TEAON O€ MIA QVTIOTOON £VOG KUKAWNATOG,
ouvoéoupe TTaPAAANAa pia puBuIfdPEVN avTIOTOON TTOU OVOUACZETal TTOTEVOIO-
METPO.

‘Eva TToTEVOIOUETPO €XEl DUO OKPOOEKTEG A Kal B kal pia evdidueon Aqpn I
(oxnua 3.16).
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Av petakivijooupe 1o dpopéa (onueio IN) petaBaAAeTal n avriotaon, ota akpa
TNG OTTOIOG PETPEITAI N TAON KOl KOTA CUVETTEIO JETABAAAETAI N TAON OTNV QVTi-
otaon R.

2TNV YEVIKI TTEPITITWON IOXUEL:

R/ Ry

= A, 3.11
R R/Ry +Ry 31

o o

v

Zxnua 3.16. 20vdean moTEVOIOUETPOU

H trepioxn TiHwv yia Tnv Tdon Vi kaBopidetal atod TIg akpaieg Béoeig A, B.
‘ET0l1, €av [T = ATOTE Vi 1y = 0, VW €Gv =B 16T Vg 10 = V.
ETropévwg, n mepIoxA TIMWV yia TV Tédon Vi €ivail:
0<Vg<sV
H 1y Tng otnv repioxn [0,V] e€aptaTal mpogavwg atod Tn 6éon Tou dpo-
péa T,

3-4.5. EI181KEG TIEPIMTWOEIS I008UVAPNWY KUKAWHATWY

Ta 1008Uvapa KUKAWUATA TTOU ava@EPOoVTal TTapakAaTw (Xwpig amodeign) €i-
val TTOAU XpAoIua oTnV €TTIAUGN NAEKTPIKWY KUKAWPATWY Kal yia TO AOyo auTtd
KpiBnke OKOTTIMO va TTapouciacBouy.

o) MetarpoTr) TTNYAS TAONG O€ TTYR PEUPATOG

Mia TTnyA T1dong V oe oelpd e pia avriotaon R yetarpEmeral IcodUvapa o€
Mia Tnyn peopatog | = V / R mapdAAnAn pe tnv avriotaon R (ox. 3.17). H avri-
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otaon R cupBoAiCel otnv TTpayuatikdTATA TV E0WTEPIKA avTioTaon TNG TTNYNG,
N oTroia €ival TTpayuaTiKA TNy Kai Ox1 18avikr).

« A T * A

>xhua 3.17. Merarporry I.T. o€ I.P,

B) MeTaTpotri TTNYNG PEUHATOG O€ TTNYNA TAONG

Mia 1Ty peupatog | TapdAAnAn e avtiotaon R petatpérmeral icoduvapa o€
Mia TTnyn Tdong V = | - R o€ oeipd pe Tnv avriotaon R (ox. 3.18.). H avtictaocn R
OUMBOAICel OTNV TTPAYUATIKOTNTA TNV ECWTEPIKN AVTIOTACN TNG TINYAG, N oTroia
gival TTpaypaTikr Kai oyl 1I0avIKH.

[

I R - V=I-R

2xnua 3.18. Merarporrry IN.P. o€ I1.T.

y) Avtiotaon mrapdAAnAa o€ TRy Tdong

*B * B

>xnua 3.19. Avrioraon mapdAAnAa og mnyn 1Gong Kai 1o 1008Uvauo KUKAwUa
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MapatnphoTte 011, N avtiotaon R gival KUKAWUOTIKA avUTTapKTN.

0) AvtioTaon o€ ogIpd PE TNy PEUHATOG

o A e A

B B

2ynua 3.20. Avriotaon o€ O€Ipa e TTNYN PEVUATOC Kal TO 1000UvVal0 KUKAwUA

MapartnpeioTte kal TTaAI 671, N avtiotaon R gival KUKAWMATIKA avUTTOpKTN.

3-5. E@apuoyég

Epappoyn 1n

Tpeig avriotaoeig R, =30 Q, R, =20 Q, R, = 6 Q ouvdéovTal rTapdAAnAa. Na
BpeBei n 1Ic00UVaun avrioTaon.

Auon
MNa Tnv €0peon TG 1I00dUvVaUNG avTioTaong (f OAIKAG avTioTaong), UTTOAO-
yiCoupe TTpwTa TNV 100d0vVapn avtiotaon R,, epapudloviag Tov TUTIO TNG TIa-
PAAANANG cuvdeTOAOYIaG KAl OTN CUVEXEID £QAPPOLOUNE Kal TTAAI TTApAAANAN
ouvdeopoloyia PETAGU Twv avTioTaoewyv Ry, kal R; 0TTwg @aivetar oTo Trapa-
KATW OXNua.

R1 R1,2

R2 RO/\
o——o — ——e = o—¢ —o = o —e

R3 R3
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otTou

R =R /R, =RR _80:20 600 _ o _ o0
12T R +R, 30+20 50 "

R,,R 12-6
Rop =Ry #/ Ry = o122 = 2 = Roy = 4.(@)
1,2 3

Epappoyn 2n

Na Bpebei n 1Ic0dUvapn avtiotaon R,g 0TO TTAPAKATW KUKAWUA.

10Q
MW
3Q 20Q
MWV VW
100
M
A B
Auon
ATTAoTroIvTag dIadOXIKA TO KUKAWMA (ME TN O€Ipd TTou ETTIBAAAETAI) TTPOKU-
TITEl
10Q
MMV
30 20Q
MWV VW
10Q
MWV
A B
U
30 10//10 200
MWV MWV VW
_10-10 _
10//10= 3545 =5(@)
A B
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U
Ras
MW
Rg=3+5+20 =
Ras= 28 (Q)
A B

Etmropévwg, n 1co0duvaun avtiotaon R,g ival 28 (Q).

Epappoyn 3n

Na Bpebei n 1Ic00Uvaun avtiotaon R,g yia T0 KUKAWMPG TOU TTapak&Tw oxni-
paToG.

18Q
AW
A
—\WV NV
50 90Q
30Q 200 § 50
30 10Q
—\/\\\—e MW *
B
Auon
ATTAOTTOIVTAG DIABOXIKA TO KUKAWWMA, TTPOKUTITEL:
A A
—/\/\\/'—e MW
50 18//19=6Q 5Q
30Q § 20//5=4Q = 30Q § 200 =
30 10Q 30
—/\/\\/\—e MW
B B
_ 18-9 _162_
18//9= W = 7 =6Q 6+4+10=20(Q)
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A A

o [
50

N 30/20=120 = Ro,=200Q

3Q

—/\\\\——— .

B B
_ 3020 _ 600 _ , -

30/20= 3320 - 800 - 450 Ry, =5+12+3=200Q

Etmropévwg, n 1coduvapn avtiotaon R,g givar 20 (Q).

E@pappoyn 4n

2UOKEUN Tpo@odoTeiTal atrd NAEKTPIKA oToIXEia Kal AeiIToupyei ye 1aon 54 V
Kal pedua 2 A. Av n nAekTpeyepTIKA dUvaun Kabe aToixeiou eival 1,8 V kai n eow-
TePIKA Tou avtiotaon 0,6 Q, kai eival cuvdedepéva, waoTe To KaBEva va dlappée-
Tal amo pevpa évraong 0,5 A, va Bpebei o apIBUOg Twv oToIXEIWV.

Auon

Eg@ocov n cuokeun Acitoupyei pe 1adon 54 V kail petpa 2 A kai Ta diaBéoipa
NAEKTPIKG aToIxEia £xouv TO KaBEva NAeKTpEYEPTIKA duvaun 1,8 V kai dilappéo-
vTal a1t pevpa 0,5 A, cuptrepaivoupe, 6Tl n ouvOECPOAOYiIa QuTWV gival PIKTH,
£TO1 WOTE va TTPOKUWOUV TA NAEKTPIKA PEYEBN TTOU aTTaIToUvTal yia Tn AgIToup-
yia TG CUOKEUNRG.

‘E0TWw, AOITTOV, n TTNYEG TAONG o€ KABE KAGDO Kal m 1O TTARB0G TwV KAGdWV
(BAéTe TTAp. 3 -4.2, V)

Etreidn 1o pelpa kdBe kKAGdou eivar 0,5 A kal To oAk peUua eival 2 A, Ba
EXOUUE:

0,5'm=2:>m=i:>m=4
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ETriong, yvwpifoupe 0TI GA0 TO CUCTNUA ICOBUVAUET PE MIO TTNYA TAONG NAE-
KTPOYEPTIKNAG duvapng E,, = n - E Kal E0WTEPIKAG avTioTAONG Iy, = nr
m
Emopévwg Ba 1oxUE!:

n-0,6

Eorn-lopn Top=54 = n-18-2: =54 =18-n-0,3-n=54 =

= 15n=54 = n=36
Apa, 0 apIBPOG TWV ATTAITOUPEVWY NAEKTPIKWY OTOIXEIWVY €ival:

m-n=4-36=144

Epappoyn 5n

Avo AapmrtApeg A, kai A, avaypdgouv (60V, 200W) kai (60V, 300W) avTicTol-
xa. O1 AauTITApES ouvOEOVTal G€ GEIPA KAl OTA AKPA TOUG e@appoleTal Taon 150
(V). Na e€etaoBei edv ol AautrTipeg pyadovTal Kavovika.

Auon

ATTO Ta KATAOKEUAOTIKA OTOIXEIA TwV AAUTITAPWY UTToAoyilovTal oI avTioTA-
2

o€Ig Toug atod Tn oxéon P = r

v, v,
¥ - + -
xl :
+ -
OVC
V=150(V)
2 2 2
P1=V—‘:R1=V—1—60 =R, =18(Q)

R, P, 200
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2 2 2
P2=V_2:> 2:V_2=60
R, P, 300

=R, =12(Q)

Eg@ocov o1 Aautrtipeg ouvdéovtal o€ o€ipd, Ro, =R, + R, =18 + 12 =30 (Q)
KOl KATA OUVETTEIA, TO PEUPA TOU KUKAWPATOG gival:

v _150
R,, 30

—1=5(A)

Apa ol Taoeig V', kal V', TTou ETTIKPATOUV OTA AKPA TWV AAUTITAPWY Eival:
V,=1R,=5-18 = V', =90 (V)
kai V,=1-R,=5-12 = V', =60 (V)

ETTe1dr, n 1Gon TTOU ETTIKPATEI OTA AKPO TOU TTPWTOU AAUTTTAPA A, €ival Je-
yoAUTEPN atmd auTtrjv Tou katackeuaaoTr] (90 > 60), TTpokUTITEl 6TI dev epyddeTal
KAVOVIKA Kal KIVOUVEUEl va Kagi, evy 0 deUTePOG AapTITAPAG A\, EpyadeTal Kavo-
VIKA O10TI BpiokeTal o€ TAON ionN ME AQUTAV TOU KOTAOKEUQOTH.

E@pappoyn 6n

Zuokeun Aesitoupyei pe peupa 15 (A) kar Tadon 40 (V). MNpokeirar dSpwg va
ouvoeBei o€ Taon 220 (V). Moia n TiPA TNG avTioTaong TTou TTPETTEl va OUVOEDEi,
WOTE N CUOKEUN VA AEITOUPYROEI KOVOVIKA;

Auon
Edv dev ouvdebei katrola avTioTtaon, TTPo@avwg N cuokeun dev Ba Asitoup-
ynoel kavovikd aAAd Ba katacTpa@ei, yiati n Taon Twyv 220 (V) gival TToAU peyo-
AOTepn atréd Tnv 1aon Twv 40 (V) Tou KATOOKEUQaTH).

Mpétrer Aoimmdv, va ouvdebei o€ oelpd pia avtiotaon R, n otmoia Ba TTPOKaAE-
o€l TITwon Téong ion pe mn diagopd 220 - 40 = 180 (V).
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>uUoKeun x
15A
40V

V=220(V)
Apa n TIPA TNG avtiotaong R, givai:

R =180 _r =12()
15

Epappoyn 7n

Tpeig avriotdoeig R, = 10 (Q), R, =20 (Q), R; = 60 (Q) ocuvdéovTtal TTapaAAn-
Aa kai o€ oelpd pe autég ouvdéetal avtiotaon R, = 18 (Q). Z1a dkpa Tou CUCTH-
paTog epapupoletal Taon 240 (V). Na BpeBolv a) To oAikd peuua B) H évraon
TOU peupaTog KABe avTtioTaong Kai y) n Téon o€ KABe avtioTaon.

V=240V
Auon
O1 1peig avTioTdoelg divouv 1I000UvVaun avTioTaon,

1 =i+i+i=1:>R1,243=6(Q)
Ri,; 10 20 60 6

Apa Ron = Riss+ R, = 6+ 18 = Ry, = 24 (Q)
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Etmropévwg
a) To oAIkG pelpa eival ioo pe: 1= RV =240 = 1=10 (A).

OA

B) ZTa GKpa TWV TPIWV AVTICTACEWV EQaPUOleTal TAON:

Vizz=1"Ri,3=10-6=60 (V)

Etmopévwg
= _V1'2'3 _80_ 6(A)
" R, 10
V
l, = —;'3 = % =3(A)
2
V
l, = 122 = 50 _ 1(A)
R, 60
kai I, =10 (A)

Y) ZTIG TPEIG TTAPAAANAEG avTioTaoElg emikpartei 1don V, ,5 = 60 (V) kai atnv
R,, t@onV,=1,-R,=10-18 =180 (V).

Epappoyn 8n

270 KUKAWMA TOU TTOPAKATW OXAMATOS va BpeBouv ol TACEIG Kal Ta pEUUATA
OAwV Twv KAGSdWV XpNOIPOTIOIWVTAG Toug vOuoug Tou Kirchhoff.

+ 5V _
10V B r

Auon
E@appdlovrag Toug N.P.K. kai N.T.K. éxoupe:
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4 2
L5V I\
10V B r
N //

KéuBog MAmMOToNPK. = 2+3-1,=0 = 1,=5(A)

KéuBogB:Amé TOoN.PK. =6+ 1,-1,=0=6+5-1,=0 = |,=11 (A)
Kéupog A: A6 ToN.PK. = 1;-6-3=0 = I;=9 (A)

Bpdéxog AFBA:ATO TON.TK. = V,-5-7=0 = V, =12 (V)

Bpdxog ABAA: AT TON.TK. = 7-V,+10=0 = V,=17(V)

Bpoyxog BIAB: A6 TON.TK. = 5-V;+V,=0 = 5-V,;+17=0 = V; =22 (V)

Epappoyn 9n

HAekTpIkA BepudoTpa duo avTioTdoewv R, kai R, Tpogodoreital pe tédon 220
V. Otav Aeitoupyei n R, n BeppdaaTtpa Eodevel 1IoxU 800 W, v 6Tav Asitoupyouv
Kal o1 U0 avTIoTAoEIS (TTapdAAnAa) n BeppdaoTpa Eodeuel 1IoxU 2000 W. Na uTro-
AoyioToUuv ol R, kai R,.

Auon

Orav Aeitoupyei uévo n R, 10 1I0060vapo KUKAwUA givai:

ETropévwg
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2 2 2
Po=ve=v.L=Y L Rr=Y 2220 g _g05)
1 P 800

1

Otav Asitoupyouv kai o1 U0 TTapdAAnAa 10 1I6080vao KUKAWWA gival:

R1
R2
I
220V
EtTopévwg
2 2 2 )
P2=V-|2:V.L=V_:>R12 :V_=£:24’23ﬂ:24’2:
27 B " 2000 R, +R,

1,2 1,2

Egiﬁi:zaz:ﬁg=4a2ao)
60,5+R,

Epappoyn 10n

270 KUKAwWa Tou TTapakd@tw oxiuatog va Bpebei n tédon V, kai 10 pelpa I, pe
XPron Tou diaipéTn TAong Kai Tou vopou Tou Ohm.

120V
10

I, 30 < v,

2Q

Auon
Eg@apudlovrag 1o diaipétn tédong (Trapdyp. 3 - 4.3, a)) yia TPEIG AVTIOTACEIG

TTPOKUTITEL
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V=120 - 3 =-1zo%:>vx =-60(V)

+2+1

To peupa |, TTPOKUTITEI HE EQApPHOYR Tou vopou Tou Ohm

Voo _ 120 _ 120

*" "R, 3+2+1 6

=1 =-20 (A)

2x0A10: To mpéonuo (-) Tng raong V, pavepwvel 6T, n TOAIKOTNTA TNG
givar avri@srn ue auriv mou diverail otnv ekpwvnon. To mpoon-
Mo (<) Tou peuuarocg I, pavepwvel 6Ti, N Qopd TOU gival avrilsTn
amod authv Tou SiveTal TNV EKQWVNOT).

Epappoyn 11n

270 KUKAwPa Tou TTapakdtw oxAuatog va Bpebei To pedua l, kai n 1don V, ue
Xpron tou diaipéTn PEUPATOG Kal Tou vopou Tou Ohm.

10
MW\

X 'A

208 CD 20 20 §t/

Auon
Eg@apuodlovrag 1o diaipétn pevpatog (Trapdayp. 3 — 4.3, B)) otov kOuBo A
TTPOKUTITEL

2 2202 51 =10(A)
2+2 4

=20

Apa, Kal To pevua oTnv avriotaon Twy 2 (Q) otnv otroia ¢nteital n V, givai
ioo pe 10 (A) OTTWG TTPOKUTITEI EUKOAA PE EQapHOYRA Kal TTAAI Tou SIaIpéTn peU-
paTog.



AMAA TPAMMIKA QMIKA KYKAQMATA ¢ 89

Kard ouvétrela, n taon V, Je epappoyn Tou vopou Tou Ohm givai:

V,=10-2=20 (V)

3-6. MpofBARquara mmpog Auon

1° Tpeic avriotaoeic R, = 10 (Q), R, =10 (Q), R, = 5 (Q) ouvdéovTal TTapaAAn-
Aa kal To ouoTnud Toug o€ oelpd Pe avtiotaon R, = 15 (Q).
Na Bpebei n 1Ic0d0vaun avrioTtaon.

2° Na BpeBei n 1I00dUvaun avtiotacn R,g OTO TTAPAKATW KUKAWWUA.

"]
el

15Q

50

¢ — —

15Q

15Q

(17,5 ().

(Rus = 41 (Q))

15Q

3° Na BpeBei n 1I00dUvaun avtiotaon R,, 0TO TTAPAKATW KUKAWUA

20Q
1,2Q 50
108Q 720

L

240

4

20

./

W

3Q

6Q

12Q

(12 Q).
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40

50

60

70

80

12 ANautreg pe avriotaon 6 Q n kabepid oxnuatifouv TPEIS OUOIEG CEIPEG
ouvoedepéveg TTapdAAnAa. a) Na uttoAoyioTei n oAIkr avTioTtaon. B) MNoéoca
otoixeia HEA = 1,8 V kai r = 0,2 Q guvdedueva o€ OEIpG TIPETTEI VO TPOPO-
OOTACOUV TO KUKAWWA, WOTE TO pEUPA KABE AQUTTAG VA PNV €ival JIKPOTEPO
Twv 1,2 A; (a) Ron=80Q, B) n=27).

Méoeg mapdAAnAa ocuvdedepéveg Aautreg tdong 110 V kal évraong 0,5 A
MTTOPOUUE VA TPOPODOTHOOUNE KAVOVIKA PE Th BorBgia cuaTolxiag, n oTroia
amroteAeital amdé 60 oe oeipd ouvdedeuéva aToixeia, v TO KaBéva E£XEl
HEA = 1,86 V ka1 ecwTtepikA avtiotaon r = 0,005 Q; (11)

HAekTpIKA AduTTa pe 1oxU 45 W kai Tdon Asitoupyiag 6 V ouvdéetal o€ osipd
ME NAekTPIKA BepudoTpa pe 1IoxU 870 W kai Tédon Acitoupyiag 110V. Na e€e-
TaoTel av N AGUTTa AEIToupyei Kavovika 1 0x1. (aTTavT. AEITOUPYEI KAVoVIKA).

Zuokeun Asitoupyei pe tédon 120 (V) kai katavaAdioker ioxu 600 (W). Moia
avtioTaon TTPETTEl va GUvOEDEl e TN CUCKEUN Kal PE TTOI0 TPOTTO WATE TO
ouoTtnua va katavaAwvel 900 (W); (48 Q mapdAAnia).

270 KUKAWPA TOU TTAPaKATW OXAMATOS va Bpebouv: a) To oAiké pelpa B)
H évtaon Tou pelpaTog TTou Trepvdel atmd KABe avTioTaon Kai y) n Tdon o€

KAaBe avTtioTaon.
(a) l,,=18A, B, y) Avrioctacn 1 Q: 18 A, 18 V, Avrioracn 2 Q: 14 A, 28 V
Avrioraon 4 Q: 4 A, 16 V, Avriotaon 3Q: 4 A, 12V

10 3Q

46V 2Q 40
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9° s KUKAWHA TOU TTOPAKATW OXAMATOS va BpeBolv pe xprion Twv VoUWV
Tou Kirchhoff o1 Tdoeig kai Ta peupaTa OAwWV Twv KAGSwv.

A

/ 4A
5A\ B .\ A 10V
X
7

1 0° HAexTpikn BeppdoTpa TpIDV avTioTdoswy R,, R,, R, Tpo@odoTeital pe
Tadon 220 V. Otav Aeitoupyei n Ry, n BgpudoTpa {odevel 880 (W). Otav
AgItoupyouyv ol R;, R, (TrapdAAnAa) n Bepudotpa Eodeuel 1280 (W). TéAog,
otav AcitoupyoUv Kal o1 TPEIG avTioTaoelg (TTapAdAAnAa) n BepudoTpa €o-
0¢evel 2280 (W). Na uttohoyioBouv ol avTioTdoelg Ry, R,, R,.

(55 Q, 121 Q, 48,8 Q).

11 °Na kaBéva amd Ta TapakaTw KUKAWpaTa va Bpedei n 1éon V, kai 10 pel-
Ma |, e xprion diaipeTwy TAong Kal peUATOC.
(a) V,=9V, l,=6A,B) V,=16V, |, = 14A)

10 10 3Q

21V 4Q 20 46V 20 40 < v







KE®DAAAIO

ME®OAOI ENIAYZHE 2YNGETQN
OMIKON KYKAQMATQN

Eicaywyn

2T0 KepaAaio auto tTepiypdpovral kKai avaAvovral SIE00IKG TEXVIKES ETTIAU-
onNg YPAUUIKWY WUIKWV KukAwuatwy (MéBodo¢ Bpdxwy (M.A.B), Mé6odoc
KdéuBwyv (M.K)) ka1 Avovrai mpofARuara yia KGOe TTepITTTwarn, e OKOTTO TNV
TARPN Karavoénon Twv eBOdwWV auTwy.

Ermiong, mepiypagovral kai avaAvovrai O1e€00Ika péBodor e xphHon &idi-
KWV TPOTTWYV, YVWOTWV LIE TO Ovoua Bswpnuara KUKAwudrwy (Bewpnuara
Thevenin kai Norton, Bswpnua uéyioTng LUETaPopPAas IoxU0G, Bewpnua emai-
AnAiag, oupETPIKG KUKAwaTa).

2KOTTOC TOU KEpaAaiou gival, va avamruouv ol LabnTéC KPITIKY IKavotnTa
OXETIKA UE TIC OIGPOPES EBOOOUC eTTIAUCGNS TwWV TTPOBANUATWY TTOU QTTOTE-
Aouv avrikeiuevo Tou kepaAaiou autoU waTe va gival o€ B€an va Ta EmMAUOUV
KGBe opa L€ Tov Mo KaTtdAAnAo Tpodrro.
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Fevika

H emmiAuon evég KUKAWPATOG odnyei TTAvTa oTnv €UPECN Tou PEUUATOG O€
KaBe KAGSO autoU Kal KATd OUVETTEIO KAl TwV TACEWV OAWV Twv KAATWV (ME
epapuoyr Tou vouou Tou Ohm yia kaBe KAGdO).

Emropévwg, €dv éva KUKAwpa €xel b kKAddoug, ol dyvwaTol Tou TTpoBARuaTOg
gival oTnv TTpayhaTikoTNTa b KOl wg ek TouTou amaitouvtal b aveaptnTteg €€I-
owoelg (Mia egiowon cival ave€dptntn a1rd TIG AAAEG, €AV TTEPIEXEI Eva ) TTEPIO-
o0TEPQ OTOIXEIa (TTNYEG, AVTIOTACEIG, peUPATA) TTOU BEV TTEPIEXOVTAI OE OAEG TIG
AAAeg e€iIowoeig).

Me Tnv e@apuoyn ouwg Twv vouwv Kirchhoff (N.T.K., N.P.K) mTpokUtTOUV
TeploadTepeS amd b egiowoeig. Mwg duwg dilacpalifeTal To yeyovog OTl, aQUTEG
TToUu TTGPBNKav gival aveEdpTnTeG WOTE va AuBei To TTPORANUQ;

H duokoAia AoItrov yia Tnv €TTiAucT evOg KUKAWMATOG dev gival va BpeBolv b
e€lowaelg, aAAa va Bpebolv b aveEdpTnTeS EEICWOEIC.

AuTr n duokoAia dpbnke péoa atmd BewprpaTa TTou diag@daAicay Tn CuoTn-
MaTIKA avalATnon aveEdpTnTwy £EI0WOEWYV, IKOVWYV va ETTIAUCOUV OTTOI08NTTOTE
NAEKTPIKO KUKAWUQ.

Ta Bewpriuata autd civai:

a) O apiBudg Twv amAwyv Bpoxwv (BAETTe TTap. 3-1) evog KUKAWATOG e b
kKAGdoug kal n kOuPoug gival b - n + 1 kal To TTARBOG Twv £€ICWCEWV TTOU TTPO-
KUTTTOUV pE e@appoyr Tou N.T.K ce kGBe atrAd Bpdxo cival aveapTNTEG UETAEU
TOUG.

B) Ze éva KUKAwpa pe n kOuPoug n epapuoyr Tou N.P.K. g n-1 kéupBoug
Oivel éva gUvoAo aveEdpTnTwy eEICWOEWV.

4-1. M€60d0¢ Twv AnmAwv Bpoxwv (M.A.B)

H péBodog auth otnpiletal oTo Bewpnua a) Kal gival KATGAANAN yia peydAo
TTARBOG NAEKTPIKWY KUKAWUATWY, 18iW¢ AV O TTEPICOOTEPES TTNYEG TOUG Eival
TTNY£G TAONG.

MNa tnv kaAuTepn katavénon 1ng M.A.B n avdAucn Ba TTeplopIoTei yIa KUKAW-
paTta Ta oTroia £xouv dUo (2) Hovo atTAoug Bpoxoug, Je TV Tremoibnon o1 n
YEVIKEUOT] TNG YIA TTEPICTATEPOUG PBPOXOUG Ba gival TTAEOV EUKOAN.

H avartuén kai n ropeia Tng M.A.B e€aptdTal kal atrd 10 €id0g Twv TTNYWV
TTOU UTTAPXOUV OTO KUKAwpa. ‘ETol, dlakpivovTal o1 €¢1G TTEPITITWOEIG:
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o) KUKAwpO pe avedpTnTEG TTNYESG TAONG KAl PEUPATOG.

Edv 10 KUKAWUQ TTEPIEXEI HOVO QVECAPTNTEG TTNYEG TAONG KAl PEUPATOG, N
avatrtuén kKai n opeia Tng M.A.B £xel wg €€N¢:

a.1) Eav 6Aeg o1 TnyéC peuparog perarpémovral o€ mnyéS raong (Tap.
3- 4.5, B), T0TE QUTEG PETATPETTOVTAI KAI OTO 1I000UVOUO KUKAWUA TTOU TTEPIEXEI
TTAé0V pHOVO aveEdpTnNTEG TTNYEG TAONG, EKTEAOUVTAI TO €ENG BripaTa:
i) ZToug dUo (2) (atrAoug Bpdxoug opifovTal Ta peupaTta BPoxwv Iy, |, opdoTpo-

@a (6eg16aTpOPa 1) ApIoTEPOOTPOPA) VIO AOYOUG CUUHETPIOG.
ii) FpagovTtal o1 e§lowoelg Twv A.B wg €EAG:

Ri i+ R+ 1, = 2V,
4.1)
Ryl + Ry 1, =2V,

omou: Ry, ovouddetal 1I8ia avriotaon Tou (A.B), kal iIcouTtal pe 10 dBpoicua
OAwV Twv avTIOTAoEWY Tou Bpodxou auTtou.
To id10 1ox Vel Kal yia TV R, Tou (A.B),.
R, = R,,, ovopdaletal apoifaia avrioraon twv (A.B), kai (A.B), kai
IooUTal PE TO ABPOICHA TWV AVTIOTACEWY TTOU CUVAVTWVTAI OTOUG KOI-
voug KAGdOoUG Twv Bpoxwy autwv. To TTpdonua autrig civar "+", edv ol
POPEG TWV PEUPATWV TWV BPOXWYV TTAVW OTOUG KOIVOUG KAGBOUG CUTTI-
TrTouv, aANIwg eivar "-"
2V, TTapIoTAvEl TO aOAYERPIKG GBpoIoua TwV TTNYWV Taong Tou (A.B),.

OceTIKEG AapBAavovTal ekeiveg TTOU TO peupa Bpoxou Tig diatrepvd aTrd Tov ap-
vNTIKO TTOAO TTPOG TO BETIKG, VWD OTNV QVTIBETN TTEPITITWON AauBdavovTal ap-
VNTIKEG.

To idi0 1oxUEl Kal yia 10 2V, Tou (A.B),.

iii) To ypauuiké cuotnua 2 x 2 (duo e€lIcwoewv e dUO ayvwWOTOUG) TTOU TTPOKU-
TITel AOveTal e Tn uEBodo Gramer, (BAETTe TTapdpTnUa A) Kai Ta pevpaTta ly, |,
gival TTAéov yVwoTd.

iv) Ta peUpata 6Awv Twv KAGAdwv uttoAoyifovtal atré ocuvduaououg Twy Bpoxi-
KWV PEUPATWY Kal KATA OUVETTEIQ OI TAOEIG OAWV TWV OTOIXEIWV Eival yvw-
OTEG (ME e@apuoyh Tou vouou Tou Ohm).

Me dAAa ASyia oAokAnpwveTal n €TTIAUCH TOU NAEKTPIKOU KUKAWMATOG.
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& [laparnpnon
e Epoboov Ta peupata Twv Bpoxwv AauBdvovtal opoéoTpo@a, To TTPOCHUO

TwV Ry, Ry, gival TT@vra "-", a@ou oT1oug Koivoug KAGdoug Twv Bpoxwv Ta peu-
parta |y, 1, eival mavta avtippotra.

> Mapadsiypa

270 KUKAWPA TOU TTAPAKATW OXAHUATOS XpnoigoTrolwvtag Tn M.A.B, uttohoyi-
OTE Ta peUPATA OAWV TWV KAGOWV (METPO Kal POpPA) KAl OTn CUVEXEID OEIETE OTI,
N 10XUG TTOU TTAPEXETAI OTO KUKAWA €ival ion PE TNV 1I0XU TTOU KATAVAAIOKETAl.

10 3Q
20
230V | 460V
115V
40 50
Auon
OpifovTtag Ta pevpata Bpoxwv SeEIOOTPOPA, TO KUKAWMA YiveTal
1Q 3Q
20
230V | | 460V
1 | 2
115V
40 50

O e€lowoeig Twv A.B cival:
Ripr i+ Rl =2V,

(1)
Ry i+ Ryt 1, =2V,
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610U Ry=1+2+4=7,R,=3+5+2=10,R;,=R,;=-2
2V, =230-115= 115, 2V, = 115 - 460 = -345
Etmopévwg, ol e€lowaeig TG oxéong (1) TTaipvouv TNV JopoN:
7-1,-2-1,=115
2-1,+10-1,=-345

AUvovTag 1o ouoTnua (2) pe Tn pEBodo Cramer, TTPOKUTITOUV:

‘ 115 -2 ‘
= -345 10 :115-10-(-2)-(-345)=460:>|1=6,97 A)
7 -2 7-10-(-2)-(-2) 66
2 10
‘ 7 115 ‘
= -2 10 | _7-(-345)-115-(-2) _ -2185 1= -33,11(A)
7 -2 7-10-(-2)-(-2) 66
-2 - 345
MNa ta pevparta Twv KAGdwv, TTPOKUTITEL:
KAGdog 1Tou Trepiéxel Tig avTioTaoelg 1Q, 4Q: Peopa |, =1, = 6,97 (A)
KAGdog trou mepiéxel Tig avriotaoelg 3Q,5Q: Peopa I = -l, = 33,11 (A)
KAGdog Trou mrepiéxel Tig avriotaoelg 2Q: Peopa l, = -I, -, = 40,8 (A)

O1 popég TV PEUPATWY TwV KAGdWY @aivovTal 0TO OX A TTOU aKOAOUBEi

10 30

230V | 460V

40 5Q
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H kaTavaAiokopevn 10XUG OTIG AvTIOTACEIG gival:

-2 2 2 2 2 —
P =21+ - 4+2.3+12.5+2.2=

ANT

=6,972-1+6,97%-4+33,11?2- 3 + 33,112- 5 + 40,08% - 2 = 12.225,89 (W)

H mTnyn Twv 115(V) katavoAiokel evépyeia (QopTicetar) S10TI TO peUaA KIVEITAI
ato 1o (+) oT0 (-).

Pasyy = 115 - I, = 115 - 40,08 = 4609,2 (W)

Etopévw:
Pyaran. = Pant + Pusyy = 12225,89 + 4609,2 = 16.835,09 (W)

H 10xU¢ TTou TTapéxeTal 0To KUKAwPA gival:

Prapex- = Pasov) + Rusov) = 230 - 1, + 460 - I =

=230 - 6,97 + 460 - 33,11 = 16834 (W)
Apa
Prapex = Praran, =16,835 (KW)

2XO0A10: H uIkpry armmokAIion Twv ICXUWV OQEIAETal OTIC TTPASEIC AOyw
urrapéng OsKadIKWV yneiwv

a.2) Eav pia mnyn peouarog &sv usrapémerar o€ mnyn raong (n givar du-
OKOAN n oUAANWN TNG METATPOTTAG), EKTEAOUVTAI TA €A BruaTa:

i) Ztn Béon Tng TTNYNS PEUPATOG TTOU TTAPOUCIAETal TO TTPOPRANUA TNG KN ME-
TATPOTIAG O€ TNy TAoNG, Bewpouue "eiIkovIKE" TNy Tdon YE TIPN ion YE TNV
avTioToIXN TIMM TTOU ETTIKPATEI OTA AKPA TNG UN METATPEWIUNG TTNYNAS PEUMO-
TOG.

ii) ZToug dUOo (2) atrAoug Bpdxoug opidovtal Ta pevpara Bpoxwv |, 1, oudoTpo-
@a (Oe€I00TPOPA A APICTEPOOTPOPA) VI AOYOUG CUUHETPIAG.

iii) Tpaoovtal o1 e€iocwoelg Twv A.B 4TTWG Kal TNV TTpoNyoUuEVN TTEPITITWON.

iv) MNa tnv "eikovikn" Ty Tédong ypdeeTtal pia e€icwan TTou TTEPIYPAPEI TNV AVTi-
oToIXN TNYA PEUMATOG PE T peUaTA BPOXWY KAl QTIAXVETAI £va KAIVOUPYIO
oUoTnNUa €EI0WOEWV PE TTPWTN £§iowaon auTryv Kal eUTEPN OTTOIN OTTO TIG Q-
XIKEG OUO BoAgUel (va pnv TTEPIEXEI TNV EIKOVIKY TAoN). YTTAPXEl TTEQITITWON
KauMia a1rd 116 6U0 va un BoAeUel, OTTOTE TTPOCOETOULE 1] APAIPOUNE QUTEG E
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OTOXO TnV £6a@AVION TNG EIKOVIKAG TAONG TTOU EPQPAVICTNKE OTNV ApXH.

v) To ypapuiké ocuoTtnua 2x2 (800 eflowoewy Pe dUO ayvwaoToug) TTou TTpo-
KUTTTEl AUveTal TTAAI ge TN pEBodo Cramer kal Ta pevparta Iy, 1, €ival TAéov
YVWOTA.

vi) Ta pevpara 6Awv Twv KAAdwv utroAoyifovtal amd ocuvduaououg Twv Bpo-
XIKWV PEUPATWYV Kal KOTA CUVETTEIQ OI TAOEIG OAWY TWV OTOIXEIWV Eival yvw-
OT£G (ME e@appoynh Tou vouou Tou Ohm).

Me dAAa AGyia oAokAnpwveTal n €TTIAUCH TOU NAEKTPIKOU KUKAWUATOG.

& [aparipnon

e O UTTOAOYIOPOG TNG TAONG TTOU ETTIKPATEI OTN PN METATPEWIUN TTNYA PEU-
MaTog, yivetalr amd Tnv eicwan TTou a@aipédnke atmmd TNV apxIKn HOP®@r Tou
OUCTHHOTOG, a@oU TTAEoV Ta pelpaTa BPoXwV gival yvwoTd.

> Mapadsiypa

270 KUKAWMA TOU TTAPAKATW OXAHATOS XpnoidoTroiwvTag Tn M.A.B, uttoAoyi-
oTe Ta peupaTa OAwWV Twv KAGdWV (METPO Kal opd) Kal 0Tn ouvéxela O€iETe OTI,
N 10XUG TTOU TTAPEXETAI OTO KUKAWHA gival ion Pe TNV I0XU TTOU KATAVOAIOKETAI.

3Q 20

100V 5A 50V

6Q 40
Auon

MapatnpeioTte 611 N TINYA TWV 5(A) dev HETATPETTETAI O€ TTNYT) TAONG BIOTI dev
uUTTApxEl avtiotaon TTapdAAnAn o’ autAv. ETopévwg, Bewpolpue 611 oTn B€on
TNG UTTAPXE! Pia €IkovIKr TNy Tdong e TiPA V, ion ye Tnv Tdon TTou ETTIKPATEI
OoTa AKPA QUTAG.

OpiCovtag oTn cuvéxela Ta peUPATa BPOXwWV OeEIOOTPOPA, TO KUKAWMA Yive-
Tal:
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3Q 20
+
100V v 5A 50V

I X I,

6Q 40

O1 egiowoeig Twv A.B givai:
Ryl + Rz - 1= 2V,
Ryt li + Ry ,= 2V,
oTToU R4 =3+6=9,R,=2+4=6,R;,=R,,=0

2V,=100-V,, 2v, =V, - 50
Etrouévwg, o1 e€lcwaoeig TG oxéong (1) Traipvouv Tn Hopon:
9-1,+0-1,=100-V,
O-IL+6-1,=V,-50

(1)

(2)

AvTIKaBIoTWVTAG TNV 1N ypauun TG oxéong (2) he Tnv eCiowaon |, - 1, = 5(A)
TTOU XapaKTNPEiZel TNV TTNYA PEUPATOG, KAl TN 2n YPANKN Ke To dBpoicpa TnG 1ng

Kal 2NG YPANMPAG TNG oxéong (2), TTpoKUTTITEl TO oUCTNUA
'1 |1+1 |2=5
9-1,+6-1,=50
AUvovtag 1o ouoTtnua (3) pe TN pEBodo Cramer, TTPOKUTITE:
5 1
_ 50 6 _95:6-1.50 _-20
1 ‘-1 1 ‘ (-1)-6-1-9 -15

—1,=1,33 (A)

9 6

3)
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-1 5
9

_(-1):50-5-9 _ 95
) =22 -1,=6,33(A)
‘-1 1‘ (-1-6-1.9  -15

9 6
MNa 1a pevuata Twv KAGdwWY TTPOKUTTTEL:
KA&dog 1Tou trepi€xel Tig avtiotdoelg 3Q,6Q: I, =1, = 1,33 (A)
KAGdog trou Trepiéxel Tig avrioTdoelg 2Q,4Q: |; =1, = 6,33 (A)
O1 @opEG TV PEUPATWY TwV KAGOWV QaivovTal 0TO OX KA TTOU aKOAOUBEi:

3Q 20

100V Y 5A 50V

6Q 4Q
H tdon V, Tng TTNYAg peupaTtog TTpokUTrTel atd TNV 1n f 2n €€iowon g
oxéong (2)
9-1,+0-1,=100-V, = 9-1,33+0=100-V, = V, =88,03 (V)
H katavaAiokouevn 10XUG 0TO KUKAWMA gival:
Praran= Pant + Psoyy = [2- 3+ -6+[5-2+15-4+50-1, =
=1,332-3+1,332-6+6,332-2+6,33?- 4 +50 - 6,33 = 572,83 (W) = 573 (W)
H mrapexéuevn oto KUKAWPA 10XUG givat:
Prapex. = Pgoov) + Psay =100 - [, +5 -V, =100 - 1,33 + 5 - 88,03 = 573 (W)
Apa
Prapex = Praran = 573 (W)

B) KUkAwpa pe avegdpTnTeg KOl EApTNHEVES TTNYEG TAONG KAl PEUHATOG
Edv 10 KUKAWPQ TTEPIEXEl aveEApTNTES Kal €€apTnuéveg TTNyEG TAoNG Kal
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pelpaTog, N avatTuén kai n Topeia Tng M.A.B £xe1 wg €¢N¢:

B.1) Edv 6Aeg o1 tTnyég peuparog (aveédprnres Kal eEApTNUEVES) UETATPE-
Tovral o€ mNyéS raong (aveéaprnreg kai e§aprnuéves avrioroixa), 101
QUTEG JATATPETTOVTAI KAl OTO 1I008UVAUO KUKAWUA TTOU TTEPIEXEI TTAEOV POVO
TNYy£G Tdong, ekTeAolvTal T £€1G BAMATA:

i) ZToug duo (2) atrhoug Bpdxoug opilovtal Ta peupata Bpdxwv |y, |, opdoTpo-
@a (0e€I60TPOPA A APICTEPOCTPOPA) YIa AOYOUG CUUHETPIAG.

ii) Mpaoovtai o1 e€icwoelg Twv A.B 6TTWG Kal TNV TTEPITITWON Q)

iii) Ta e€aprwpeva pey€On TTou eu@avifovral 010 20 PEAOG TwV €EICWOEWY EK-
@palovTal e AyvwWOTOUG Tou TTPOPRAARUATOG, dnAadr PE Ta peupaTa BPOXWY.
AUTO OUWG €xEl oav ATTOTEAECHA va gPpavifovTal AyvwoTol KAl 0TO 20 HEAOG
TWV EEICWOEWV.

iv) AvakaTtatdoooupe TIG £€I0WOEIC WATE Ol AyvwaTol va eugavifovral Jovo oTo
TTPWTO PENOG QUTWV.

v) To ypaupiké cuoTtnua 2 x 2 (dUo €€lowoewv Pe SUO ayvwWOoTOUG) TTOU TTPO-
KUTTTEl AUveTal TTAAI ge TN pEBodo Cramer kal Ta pedpata Iy, 1, €ival TAéov
YVwaoTd.

vi) Ta pevpata OAwWV Twv KAGdWYV uTToAoyifovTal atrd cuvduaouoUg Twv Bpo-
XIKWV PEUPATWY Kal KOTA CUVETTEIA Ol TAOEIG OAWV TWV OTOIXEIWV gival yvw-
OTEG (ME e@apuoyr Tou vouou Tou Ohm).

Me GAAa AOya oAOKANPWVETAI N €TTIAUCT TWV NAEKTPIKOU KUKAWPATOG.

& lNaparnphoeic

e Mia g€aptnuévn TNy peUPATOG BewpeiTal PETATPEWIUN O €EAPTNUEVN
TNy Tdong otav uttdpxel TTapdAANAa KATTola avTioTaon Kal Tautdxpova To
eCapTwuevo PéyeBog auTAg dev BpiokeTal oTnv TTAPAAANAN auTr avTioTaon.

e Mia ave€dptnTn TNyA PEUPATOC Bewpeital YETATPEWIUN O€ avegdpTnTn
TTNyn 1dong, otav UTTapxel TTapAAANAa KATTOIO QvTioTaon Kal TauTéxpova Oev
eM@avifeTal oTnNV avTioTacn autn A oTnv TNyn e€apTwuevo PEyeBog KATTolag
£6apTNUEVNG TINYNG PEUUATOG A TAONG.

> Mapadsiypa

270 KUKAWUA TOU TTOPAKATW OXAMATOG XpnolpotroiwvTag TG M.A.B, utro-
AoyioTe Ta peupaTa OAWY TWV KAAdWYV (LETPO Kal @Oopd) Kal 0Tn cuvéxela deié-
T€ OTI, N 10XUG TTOU TTAPEXETAI OTO KUKAWWA €ival ion Pe TV 1I0XU TTOU KaTava-
AiokeTal.
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50 4Q

o

50V 200 151,

Auon
OpicovTag Ta pelpata Twv BPoOXwy, To KUKAwUA yiveTal:

50 40

o

50V 200 | 15 |q)

O1 e€icwaoeig Twv A.B civar:
Ryl + Ry, =2V,
Ry " l;+ Ry -1, =2V,
610U R;=5+20=25R,,=24, R,=R,; =-20
2V, =50, 2V, =-15I,

Emopévwg, ol e§lowaoelg Tng oxéong (1) Traipvouv Tn HOpeN:

25.1,-20-1, =50 .. 25.1-20-1,=50
P12

_20.|1+24.|2=-15.|(p -20.|1+24.|2=_15,<|1_|2>
avakatavopn 25-1,-20-1,=50 (2)
oTn 2n egiowo
n 2n egiowon -20-1,+9:1,=0

AUvovTag 1o cUoTnua (2) pe Tn uEBodo Cramer, TTPOKUTITEL:
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50 -20
0 9| _ 50.9-(20)-0 _ 450

= = =22 1= 3,6 (A)
‘25 -20‘ 25.9-(-20)-(-5) 125
5 9

25 50
.15 of_ 25-0-50-(-5) _ 250
2 ‘25 -20‘ 25.9-(-20)-(-5) 125

=1,= 2 (A)
5 9

MNa Ta petpata Twv KAGdwv, TTPOKUTTTEL:
KAGdog trou trepiéxel Tnv avtiotaon 5Q: Peopa |, = 1,= 3,6 (A)
KAadog Trou mrepiéxel Tnv avriotaon 20Q: Pedua lg =1, -1, =1,6 (A) =1,
KAadog Trou mrepiéxel Tnv avtiotaon 4Q: Peopa l, =1, =2 (A)

O1 popég TV PEUPATWYV TwV KAGOdWVY @aivovTal 0TO OX A TTOU AKOAOUBEI:

50 40

|
a |q>l Y

50V 20Q 151

X

H 1don Tng e¢aptnuévng TNyNAg givar: Vg, =15 -1, = 15 - 1,6 = 24(V) ka1 kata
OUVETTEIO N TTOAIKOTNTA TNG €ival auTr TTou 800NKE GTNV £KQWVNON.
H katavaAiokouevn 10XUG 0TO KUKAWMA gival:

Puatan. = Pant. + Ppusig = 2 -5+ Ié .20+ |§ 441224 =
=3,62-5+162-20+22-4+2-24=180 (W)
H mmapexduevn o1o KUKAWPA 10XUG gival
Preex= Psovy = 50 - 1, =50 - 3,6 = 180 (W)
Apa

PI‘IAPEX. ) PKATAN. =180 (W)



MEO®OAOI EMIAYZHZ YNOETQN QMIKON KYKAQMATQON ¢ 105

B.2) Eav pia mnyn psouarog (aveéaprnrn n e§aprnuévn) Oev UETATPETETAI

iii)
iv)

vi)

og mnyn rdong (N givar SUokoAn n cUAANWnN NG HETATPOTTHS, EKTEAOU-
vTal Ta €§AG BrpaTa:

21n B€0n TG TTNYAS PEUPATOG TTOU TTAPOUCIAZETAl TO TTPORBANKA TNG KN HE-
TATPOTTIAG O€ TTNYN TAoNG, BewpoUue "eIkovIKA" TNy TAoN WE TIPNA ion e
TNV AVTIOTOIXN TIMA TTOU ETTIKPATEI OTA AKPA TNG PN WETATPEWIUNG TTNYAS
peUPaATOG.

>T0UG dUO (2) atrAoug Bpoxoug opifovTal Ta peupata BPoXwv |y, I, opo-
OTPOYPa (BEEIBATPOPA i APIOTEPOCTPOPA) YIa AOYOUG CUHUETPIOG.
pagovTal o1 eglowoelg Twv A.B OTTwG Kal TNV TTPoNyoUUEVn TTEPITITWOT.
Ma v "elkovikA" TTNYR TA0NG YPAQETal dia e€icwaon TTou TTEPIyPAPEl TNV
avTioToIXn TTNYR PEUMATOG WE Ta PEUPATA BPOXWY Kal GTIAXVETAI éva KAal-
voupylo oUoTNUG €€I0WOoEwWV PE TTPWTN €€icwaon auThv Kal deUTepn OTTOIN
atTod TIG APXIKEG DUO BoAeUEl (VA pnv TTEPIEXEI TNV EIKOVIKA TAoN). YTTAPXE!
TTEPITITWON KauMia atrd TIG dUo va un BoAgUEl, OTTOTE TTPOCOETOUNE I agal-
poUuE QUTEG PE OTOXO TNV £€aPAVIOT TNG EIKOVIKNG TAONG TTOU EUPAVIOTNKE
oTnv apxn.

Ta e€apTwpeva Pey€ON TTou ep@avidovtal 0To 20 PEAOG TWV EEICWOEWY EK-
@padovTal Y AyvwoToug Tou TTPoRAAPaTog, dnAadh pe Ta peduoTa BPo-
XWV. AUTO OUWG €XEI oAV ATTOTEAECHUA va gP@avifovTal AyvwaTol Kal 0TO 20
MENOG TWV £EI0WOEWV.

Avakatatdoooupe TIG £§I0WOEIC WATE oI AyvwaTol va gugavidovral uévo
OTO TTPWTO PEAOG QUTWV.

vii) To ypappiké cuotnua 2x2 (duo e§lowoewyv pe dUO ayvwaoTouG) TTOU TTPO-

KUTTTEl AOvETal TTAAI pe TN péBodo Cramer kal Ta pevparta |y, 1, givar TTAéov
YVWOoTA.

viii) Ta pepara 6Awv Twv KAGdwv uttoloyidovTal ammd cuvduacuoug Twv Bpo-

XIKWV PEUPATWY KAl KOTA CUVETTEIA Ol TACEIG OAWV TWV OTOIXEIWV Eival yvw-
oT£G (ME e@appoyA Tou vouou Tou Ohm).
Me GAAa AGyia oAokAnpwveTal n TTIAUON TOU NAEKTPIKOU KUKAWUATOG.

& laparipnon

O utroAoyioudg TNG TAONG TTOU ETTIKPATEI GTNV WN METATPEWIUN TTNYA peUua-

TOG (avegapTnTN 1 €CapTNUEVN) YiveTal attd TNV eEicwon TToU a@aipédnke aTrd
TNV ApPXIKA HOPQI) TOU CUCTHHATOG, KaBOTI Ta peUuaTa BPoxwV gival TTAEOV yVw-
oTd.
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> Mapadeiypa
270 KUKAWMA TOU TTApaKATW oXAuaTog xpnoiyotroiwvrag Tnv M.A.B, uttoho-

yioTe Ta peduaTa OAwV Twv KAGOWV (UETPO Kal popd) Kal oTn GUVEXEIa OEIETE OTI,
N 10¥XUG TTOU TTAPEXETAI OTO KUKAWA €ival ion Pe TNV 1I0XU TTOU KATAVAAIOKETAl.

20 1,21,
50
100V I l, 10Q
20
Auon

MapatnpeioTte 611, N €€apTnUévn TNYR PEUPATOG BEV PETATPETTETAI O€ TTNYN
TAoNG (TOUAGXIOTOV €UKOAQ) BIGTI eV UTTAPXEI avTioTaon TTapdAAnAn o’ auTrv.
Etropévwg, Bewpoupue 611 0Tn B€0N TNG UTTAPXE! MIA EIKOVIKA TTNYR TAONG KE TIKNA
V, ion Je TNV TAOoN TTOU ETTIKPOTEI OTA AKPA QUTAG.

Opilovtag otn ouvéxeia Ta peupata Bpodxwv de€I00TPOPA, TO KUKAWUA Yive-

Tal
+
I
20 \D VX 1.2 lb

50 -

100v T L, \D 10Q

20

O eClicowoeig Twv A.B. eivar:
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Ry li + R ;= 2V,
(1)

Rai i+ Ry, = 2V,

2V,=-V,, 2V,=100

Etmopévwg, o1 e€lowaoeig TG oxéong (1) Traipvouv TN Hopen:
7"1_5'|2=-VX
(2)
S5-1,+17-1,=100

AvTikaBIoTWVTOG TNV 1n €gicwon ¢ oxéong (2) pe Tnv egiowon -1, = 1,2 |,
TTOU XOPOKTNPEICEl TNV £EaPTNUEVN TTNYR PEUPATOG KAl TN 2N £giocwon OTTwg gival,

TTPOKUTITEI TO CUCTNMG
-1-L,+0-1,=1,2-1, o -1 +0-1, =121,
b~ "2
-5-1,+17-1, =100 -5-1,+17-1, =100
avakatavopn Tl-1.21,=0

1ng egiowaong (3)

-5-1, +17-1, =100
Auvovtag 1o ouoTtnua (3) p Tn pEBodo Cramer, TTPOKUTITEL:

0 -1,2
| = 100 17| _ 0-17-(-1,2)-100 _ 120

| =-5,217 (A
T 2] (M)17-(1,2)(5) 23 *)
5 17

10
_‘-5 100‘ (-1):100-0-(-5) _-100

| |, = 4,347 (A
271 <12 ()17-(1,2)(-5) -23 e )
5 17

MNa 1a pevuaTa TWV KAGdWY TTPOKUTTTEL:
KAGdog¢ trou trepiéxel Tnv avriotaon 2Q: 1, = -, = 5,217 (A)
KAGdog trou mepiéxel Tnv avriotaon 5Q: I = 1- 1, = 9,564 (A)
KAadog trou mrepiéxel Tig avmiotaoelg 10Q, 2Q: |, = 1, = 4,347 (A)
O1 popég TwV PEUPATWY TwV KAGSWY @aivovTal 0To OXNHATA TTOU aKOAOUBEI
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47[] +
2Q v, 1,21,
50 -
lB
100v I l, 10Q
20 | ‘

H tdon V, Tng €€aptnuévng TTNyNG PEUPATOG TTPOKUTITEI ATTO TNV TTPWTN £&i-
owon NG oxéong (1).
7-1,-5-1,=-V, = 7-(5217)-5-4,347 = -V, = V, = 58,254 (V)
Kal To pevpa g 1,21, =1,2 - I, = 5,217 (A)

Kal €TTEION KIVEiTal atro 10 (-) aTo (+) N TNy TTApPEXEN 1I0XU 0TO KUKAWA.
H katavaAiokouevn 10XUG 0TO KUKAWMA gival:

Paan- = Pavr = 15-2+5-5+17-(10+2) =
=5,2172-2 +9,5642 - 5 + 4,3472- (10 + 2) = 738,5 (W)
H mmapexdéuevn oto KUKAWWA 10XUG givart:
Prapex. = Peoov) ¥ Pz = 100 - I, + 1,21, - V, =
=100 - 4,347 + 5,217 - 58,254 = 738,5 (W)
Apa Prapex = Pratan- = 738,5 (W)

4-2. M€60d0¢ Twv Koppwyv (M.K.)

H pébodog authy otnpiletal oto Bewpnua B) kai ival KATAAANAN yia peyadAo
TTANB0G KUKAWUATWY, 18iWG €AV 01 TTEPICOOTEPEG TTNYES TOUG Eival TINYEG PEUATOG.

MNa tnv KaAUTePN KaTtavonon NG M.K. n avaAuon Ba TTeEPIoPIOTE yIa KUKAW-
paTa Ta otroia éxouv TpEIG (3) Hévo KOUPoUG, Je TNV TTETTOIBNCN OTI N YeVikEuon
TNG yIa TTEPICOOTEPOUG KOUPBOUG Ba gival TTAéOoV EUKOAN.
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H avarmrrugn kai n mropeia Tng M.K. géaptdrail kal armmd 10 €ido¢ Twv TThYWV
TTOU UTTAPXOUV OTO KUKAwpa. ‘ETol, dlakpivovTal o1 €E1G TTEPITITWOEIG:
a) KOkAwpa pe ave§dpTnTeg TTNYEG PEUMATOG KAl TAONG
Edv 10 KUKAWpO TTEPIEXEI HOVO QVEEAPTNTEG TTNYEG PEUPATOG KAl TAONG, N
avaTrtuén kai n mopeia Tng M.K. éxel wg €ENG:
a. 1) Edv 6Aeg o1 mnyéc raong usrarpémovrai o€ mnyEC pEUUATOS (TTOP.
3-4.5,a) 16T€ QUTEG PETATPETTOVTAI KAl TO I00OUVANO KUKAWUA TTOU TTEPIE-
XEI TTAEOV JOVO aveLAPTNTEG TTNYEG PEUPATOG, EKTEAOUVTAI TA £EN1G BripaTa:
i) Opicetal évag kKOPPBOS wg KOPPBOG avagopds. MNMapd 1o yeyovog o1 autdg
MTTOpPEi va ekAeyei auBaipeTa, okOTTIO gival va opileTal 0 KOUBOG TTOU GUV-
OEeTal hE TOUG TTEPICTOTEPOUG KAADBOUG, BIOTI £TCI TTPOKUTITOUV OTTAOUCTE-
peg e€lowaoelg. O KOPPOG avapopds cupuBoAileTal pe }
ii) Ta Toug uttdAoITTOoUG BUO (2) KOUBOoUG agou apiBunBouv, opifovtal ol Ta-
o€1g Toug V1, V2 wg 1Tpog Tov KO0 avagopdg.
iii) [pagovral o1 e€loWoEIg TWV KOPPWY WG EENG:

Gy - Vi + G-V, = 2,
(4.2)

Gy -V + Gyt V=2,

omou: G, ovouadetal 18ia aywyigoéTnTa TOU KOPPBOU 1 Kal IcouTal e 1o a6pol-
OMa OAWVY TWV AYWYILOTATWY TToU KATaARyouv aTr’ euBeiag otov KOPBo
auTté.
To id10 1oY Vel Kai yia TV G,, Tou KOUPBoU 2.
G,, = G,4, ovoudZeTal apolIfaia aywyigoTnTa TWV KOUBWY 1 Kal 2 Kal
I00UTal PE TO AOPOICHA TWV AYWYIKOTHATWY TTOU ouvdEéouV aTT €uBeiag
TOuG KOMPBoug auTtoug. To Tpdonua auTtng cival Travra "-".
Zl,, TTapioTavel To aAyERPIKO GBPOIoHA TWV TTNYWV PEUPATOG TOU KOU-
Bou 1. OeTIkEG AapBdvovTal eKEiVES TTOU KATEUBUVOVTAI TTPOG TOV KO-
Bo 1 evw eKkeiveg TTOU ATTOPOKPUVOVTAI ATT AUTOV AauBdvovTal apvnTi-
KEG.

To id10 1oxUEl Kal yia TO 21, Tou KOPBou 2.

iv) To ypappikd ouotnua 2 x 2 (dUo e§Iowaoewy Pe dUO ayvwoToug) TToU TTPOKU-
TITel AOvetal pe Tn péBodo Cramer (BAETTE TTapdpTnua A) Kai ol Tdoeig V,, V,
gival TTAéov YVWOTEG.

v) O1 1doeig OAwv Twv KAAdwV utroAoyidovTal atré cuvOUACTHOUG TWV KOUBIKWY



110 ¢ KEDAAAIO 4

Tdoewv V,, V, Kal KATG CUVETTEIQ T peUPATA OAWV TWV OTOIXEIWV gival yvw-
oTd (uE e@appoyr) Tou vopou Tou Ohm).

Me GAAa AGyIa OAOKANPWVETAI N ETTIAUCH TOU NAEKTPIKOU KUKAWMPATOG.

& Maparipnon

® 270 KUKAWHA TOU TTAPAKATW OXNPATOg XpnolyotroiwvTag tn M.K., utrohoyi-
OTE TIG TAOEIG KAI TO PEUPATA OAWV TWV KAGOWV.

5A

20Q

13A 12Q 250 400 7,5A

Auon

Opilovrag Tov KOPPBO avagpopdg Kal apiBPwvTag Toug UTTOAOITTIOUG YIG TOUG
oTroioug opifovTal ol KouBIKES Tdoeig V,,V,, TO KUKAwMG yiveTal

5A

@ |V, 20Q v, @

13A 12Q 250 400 7,5A
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O1 eClowoeIg Twv KOUPBwWV gival:
Gy - Vi + Gy V=2
G- Vi + Gy -V, = 21,

i+i+i=0’1731 G22=i+i=0,075
12 25 20

otou G, = 20 " 20

io =0,05
2l,=-5-13=-18, ZI,=5+75=125
Emouévwg, o1 e€ilcwaeig TG oxéong (1) Traipvouv Tn Jopen:
0,173 -V,-0,05-V,=-18
-0,05 -V, +0,075-V,=12,5
AUvovTag 1o cuoTnua (2) ye Tn pEBodo Cramer, TTPOKUTITEL:
V, =-69,212 (V), V, = 120,525 (V)

MNa 116 TdoeIg TwV KAGdWV, TTPOKUTITEL:

KAG&dog tiyng 5A: V, =V, -V, = 189,737 (V), 10 "-" gival aTov k6upo (1)
KAG&dog tinyAg 20Q: V, =V, = 189,737 (V), 10 "-" gival aTov k6upo (1)
KA&dog nynig 13A: V, = -V, =69,212 (V), 10 "-" €ival oTov=KopBo (1)
KA&dog avriotaong 12Q: V, =V, = 69,212 (V), 10 "-" €ival oTov K6POo (1)
KA&dog avriotaong 25Q: V, =V, = 69,212 (V), 10 "-" €ival oTov K6Po (1)
KAGdog aviotaong 40Q: V, =V, = 120,525 (V), 10 "-" €ival oTov KOUPO *

KAG&dog tnyng 7,5Q: V, =V, = 120,525 (V), 10 "-" €ival aTov KOWPO }

MNa 1a pevuaTa TWV KAGOWY TTPOKUTTTEL:

KAadog avrtiotaong 20Q: |, 189,737 _ =9,486 (A), popd atrd KOPo (2) oe kouPo (1)
69,212 e ]

KAadog avriotaong 12Q: I, = 5 =5,767 (A), popd aTtd KOMPO { o€ Koppo (1)
69,212

KAadog avriotaong 25Q: 1, = =2,768 (A), popa atro kOuPo { o€ KOppo (1)
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KAGdog avriotaong 40Q: |, =

120:525 - 3,013 (A), gopt amd k6Bo (2) ok Kopo |

‘ET01, TO KUKAWUA WE TIG TAOEIG KAl T pEUPATA TV KAGDWV gival

13A 120 Izso I l 200 7.5A

MapatnpeioTe 0TI OAEG OI TTNYEG TTAPEXOUV 1I0XU OTO KUKAWWA, OIOTI TO PEUMQ

TOUG KaTeuBUveTal atrd TO (-) OTO (+).
a.2) Eav pia mnyn raong dev peTarpémeral o€ mnyn psuuarog (i givai du-

i)

OKOAN n cUAAnWN TNG NETATPOTINC), eKTEAOUVTAI TA €ENG BAuaTa:

21n 8¢on NG TINYACS TAoNG TTOU TTAPOUCIAZeTal TO TTPORANKA TNG PN META-
TPOTTAG O€ TTNYr PEUMATOG, BewpPOoUE "eIKOVIKA" TTNYH PEUMATOG UE TIUA ion
ME TO QVTIOTOIXO PEUPA TOU KAGDOU TTOU TTEPIEXEI TN KN METATPEWIUN TTNYA
TAONG.

Opicetan évag kOPPog wg KOUPog avagopds. Mapd 1o yeyovog o1 autdg
pTTOPEl Va ekAeyei auBaipeTa, okOTIPO gival va opideTal 0 KOPPBOG TTOU CUV-
OéeTal Pe Toug TTEPIOOOTEPOUG KAGBOUG, BIOTI £€TOI TTPOKUTITOUV ATTAOUOTE-
peg e€lowaelg. O KOPPBog avapopds cupBoAiCeTal pe {

Ma Toug utTéAOITTOUG dUO (2) KOUBOoUG agou apiBunBouv, opifovTal ol TAOEIG
ToUug V, ,V, WG TTPOG TOV KOUBO avapopdg.

"pdgovTal ol £6I0WOoEIG TWV KOPPBWY OTTWG Kal GTNV TTPONYOUEVN TTEPITITW-
an.

Ma tnv "eIkoviKA" TNy peUMATOC YPAQETaI YIa £§i0wWaon TTOU TTEPIYPAPEI TNV
avTtioToixn TTNyr 1aong Pe TIg KouPBIKES Taoeig V, ,V, Kal TidxveTal éva Kal-
voupylo oUCTNHO EEICWOEWY PE TTPWTN €§icwaon auTAv Kal delTepn OTTOI
atTd TIG APXIKEG BUO POAEUEI (VA PNV TTEPIEXEI TO EIKOVIKO peUNa). YTTAPXEI
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TTEPITITWON KAPMia atrd TIG dUO va P BoAeuel, otrdTe TTPOoOTiBevTal 1] agal-
POUVTAl QUTEG JE OTOXO TNV £COQAVION TOU EIKOVIKOU PEUNATOG TTOU EUQAVi-
OTNKE aTNV apxn.

vi) To ypappikd cuoTnua 2 x 2 (dUo €gloWwoswyv Pe SUO ayVWOTOUG) TTOU TTPO-
KUTTTEI AUveTal TTAAI e T péBodo Cramer kal ol taoelg V,,V, gival TTAéov
YVWOTEG.

vii) O1 Tadoeig dAwv Twv KAGAdWV utTtoAoyilovtal atmd cuvdUaoHOoUG TwV KO-
KWV Taoewv V,, V, Kal KaTd CUVETTEIO Ta peUPaTa OAWV TWV CTOIXEIWV €ival
yVWwoTd (JE epapuoyr Tou vopou Tou Ohm).

Me GAAa ASyia oAokAnpwveTal n TTIAUCH TOU NAEKTPIKOU KUKAWMATOG.

& [aparipnon

e O UTTOAOYIOPOG TOU PEUPATOG TTOU BIOPPEEI TN UN HETATPEWIUN TTNYR TAONG,
yiveral atré Tnv e€iowon TTou a@aip€édnke atmd TNV apxIK HOp@r) ToU CUCTAWO-
TOG, agou TTAéov ol Tdoelg V, ,V, gival yvwoTEG.

> Mapadsiypa
270 KUKAWMA TOU TTAPAKATW oXAUATog XpnoiygotroiwvTtag 1n M.K. utroAoyi-

OTE TIG TAOEIG KAl TA PEUPATA OAWV TWV KAABWYV KAl 0TN CUVEXEID UTTOAOYIOTE TIG
IOXEIG TWV TTNYWV.

8Q

33V 10Q 4,95A 20Q

Mapatnpeiote 011 N TTNYA Twv 33 (V) dev peTaTpéTTeETal O€ TTNYH PEUHATOG
01611 dev UTTAPXEI avTioTOoN O€ OEIPA PE AUTHV.

Ocwpeital Aoimmdv, 011 aTn B€0N TNG UTTAPXEI MIA EIKOVIKA TTNYH PEUUATOS UE
TIuA |, ioo pe 1o peupa TTou diappeel TNV TNyn Twv 33 (V).

OpilovTtag Tov KOPPBO avag@opdg Kal apiBuwvTag Toug UTTOAOITTOUG VIO TOUG
OTT0i0UG OPICOUNE TIG KOUPBIKES TAOEIG, TO KUKAWMA YiveETal
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@ v, 80 @V,

33V ] 100 4,95A 200
X

A\ 4

O1 e€lIcwoelg Twv KOUPBwV gival:
Gy Vi + G-V, =2
Gy - Vi + Gy -V, = 2,

otTou: Gy = i+1 =0,225 G, = 1+i =0,175
10 8 8 20
G12:G21 _'% :'0,125

2 =1,2l,=4,95
Etropévwg, o1 §lowaeig TG oxéong (1) Traipvouv TN Hopen
0,225-V,-0,125-V, =1,

(2)
0,125 - V, + 0,175 - V/, = 4,95

AvTikaBioTwvTag TNV 1n €icwaon NG oxéong (2) pe Tnv egicwon V, = 33 (V)
TTOU XQPAKTNEICEl TNV TTNYT TAONG, TTPOKUTITEI TO CUCTNUA:

1-V,+0-V,=33
-0,125-V,+0,175 -V, =495 (3)
AUOvovtag 1o auoTnua (3) he T uEBodo Cramer, TTPOKUTITOUV:
V,=33(V), V,=51,857 (V)

To peupa 1Tou diappéel TV TTNyA Twyv 33 (V) TpokuTrTel amo TNV 1n €€iowon
™G oxéong (2).
0,225-V,-0,125-V,=1,- 0,225 - 33-0,125 - 51,857 = 1, =0,942 (A)
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Ma 116 Tao€Ig TwV KAAdWV, TTPOKUTITOUV:
KAadog mnyng 33A: V, =V, =33 (V),
KA&dog avriotaong 10Q: V, =V, = 33 (V),
KA&dog avriotaong 8Q: V.=V, - V, = 18,857 (V), gival otov kKoo (1)
KAG&dog tnyng 4,95A: V, =V, = 51,857 (V), gival oTov KOO }
KA&dog avriotaong 20Q: V, =V, = 51,857(V), 10 "-" €ival aTov KOuRo }
Ta pedpaTa 0TOUG KAABOUG TTPOKUTITOUV:

gival oTov KOURO ¢
gival aTov KOBO §

TO
TO
TO
TO

KAG&dog tinyAg 33(V) : I, =1, = 0,942(A), @opa atmd kéupo { o€ KOpBo (1)

KA&dog avtiotaong 10Q: |, = % = 3,3 (A), popd atrd kK6upo (1) o€ KépBO}

KAadog avrtiotaong 8Q: I, = % = 2,357 (A), popd atrd KOuRo (2) o€ kGuPo (1)

_ 51,857

KAGdog avrioTaong 20Q: |, = = 2,592 (A), popd a1té KOPO (2) o€ KOUPBO {

‘ET01, TO KUKAWWUA PE TIG TAOEIG KAl JE TIG POPES TWV PEUNATWY, YiveTal:

_ 8Q +

+ «— + + l

33V I 100 4,95A 200
X

O1 10X€gi¢ Twv TTNYWV, TTPOKUTITOUV:
Paayy =33 - 1, =33 0,942 = P, = 31,086 (W), Tapexouevn
Pugsay = 4,95 - V4= 4,95 - 51,857 = 256,69 (W), Tapexopevn
B) KikAwpa pe avegdpTnTeg Kal eEAPTNHEVES TTNYEG PEUMATOG KAl TAONG
Edv 10 KUKAwpa TTEPIEXEI KAl QVEEAPTNTEG KAI EEAPTNMEVES TTNYEG PEUNATOG
Kal Taong, n avarmrugn kai n opeia Tng M.K. éxel w¢ €ENG:
B.1)Edv O6Aeg o1 Tnyég raoeis (avedaprntes kal e§ApTNUEVES) METATPETTO-
vrai o€ mnyég peuparog (aveédprnreg kai e§aprnuéves avrioroixa), 16te
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METATPETTOVTAI KAI GTO 1I000UVANO KUKAWUA TTOU TTEPIEXEI TTAEOV UOVO TTNYEG
peUPaTOG, ekTEAOUVTAI TO £E1G BAMATA:

i) OpiCetal évag kd6PPog cav KopBog avagopds. Mapd 1o yeyovdg 0TI AuTdg
MTTOPEi va ekAeyei auBaipeTa, OKOTTIO gival va opileTal o KOUPBOG TTOU CUV-
OEeTal E TOUG TTEPIOCOTEPOUG KAGDOUG, DI0TI £€T01 Ba TTpoKUYWoOUV aTTAOU-
OTEPEG EEICWOEIG.

ii) TMa Toug utréAoimoug dUo (2) kbuPBoug apol apiBunbouy, opifovTal ol TACEIG
V,, V, w¢ TTpog Tov KOUBOo avagopdg.

iii) Mpdpovtal o1 e€l0WOoEIC KOPPWYV OTTWG KAl OTNV TTEPITITWON Q).

iv) Ta eCaptwpueva uey€On 1mou eu@avidovral oTig £§1I0WOEIG eKPPAlovTal JE
TOUG ayvWaOTOUG Tou TTPORARUaTog, dnAadn e TIG KOUPIKES TACEIG.
AuTO OpWG €XEl oav ATTOTEAECUA va gugavidovTal AyvwaoTol (KOUBIKES Ta-
O€IG) KAl 0TO 20 PHEAOG TWV ECICWOEWV.

V) AvakaTatdooovTal TO OTOIXEIR TWV £GI0WOEWY WOTE Ol AYVWOTOI VA EPPaVi-
Covtal pévo oTo apIoTEPO PHEAOG QUTWV.

vi) To ypauuiké cUoTnPa 2%2 TToU TTPOKUTITEI AUVETAI OTTWG KAl OTNV TTEPITITW-
on a) Kal ol KOUPIKES TAoEIg gival TTAEOV YVWOTEG.

vii) O1 Tdoeig dAwv Twv KAGdwWV uttoAoyidovTal ammdé cuvduaopoUs TwvY KOUPBI-
KWV TACEWV Kal KATA CUVETTEID TO PEUMATO OAWV TWV OTOIXEIWV Eival yvw-
o1d. Me GAAa AGyIa OAOKANPWVETAI N ETTIAUCT TOU NAEKTPIKOU KUKAWUATOG.

&= laparnphoeic

e Mia e€aptnuévn TTNyn Ta0NG Bewpeital HeTaTpEWIUN O €§apTnUéVN TTNyN
peUPATOG OTAV UTTAPXEI 0€ OoEIpd KATTOIA QVTiIOTAOT Kal TAUTOXPOVA TO £6QPTW-
pevo pEyeBog auTrg dev BPIOKETAI TNV QVTIOTAOT QUTH.

e Mia ave€dptntn TNy TA0NG Bewpeital JETATPEWPIUN O ave€apTnTn TTNYN
peUpPaTOC OTAV UTTAPYXEI O CEIPA KATTOIA AVTIOTAON KOl TAUTOXPOVA EV EPPAVi-
CeTan oTnV avtioTaon auth fp oTnv TTNyH §apTwuevou PéyeBog KaTTolag 6apTn-
HEvNg TTNYNG TaoNg fi pEUHATOG.

> Napadeiypa
270 KUKAWPA TOU TTAPAKATW OXHHaTOS XpnolyotroiwvTag tn M.K., uttohoyi-
OTE TIG TAOEIG OAWV TWV KOPPBWV.
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10Q 40

50
96V

51 200 400 |
bo 11,51,

Auon
MeTaTpETTOVTag TIG TINYEG TAONG O€ TINYEG PEUMATOS TO KUKAWMA TTAiPVEl TN

Hop®n
v, 100 @V,

50 40 24A

51, 200 400 231,

Y

O1 eClowoelg Twv KOUBwWV gival:
Gy Vi + G- V=2
(1)

Gy " Vi + Gy -V, = 21,

+—=0,55

o=
FIN

oTIO0U: G11=i+i+i=0,175 G22:1+
20 40 10 10

1
G, =Gy = 10 =-0,1

51, = 51y, 51, = 2,3, + 24

Emopévwg, ol e§lowaoelg Tng oxéong (1) Traipvouv Tn Hopon:
_5
0,175-V, -0,1-V, =51, IO:% 0,175-V1-0,1.V2—EI0
-0,1-V, +0,55-V, =2,3l, + 24 2,3
o 2 o -0,1-V1+0,55-V2=4’—0V1+24
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QVAKOTAVOUR OTOIXEIWV 0105 ) V1 - 0,1 . V2 =0
1ngKai2ng egiowong _0,1575 . V1 + 0,55 . V2 =24

AUvovTag 10 guoTnua (2) ye TN uEBodo Cramer, TTPOKUTITEL
V, =204,25(V), V, = 102,127(V)

B.2) Eav pia mnyn raong dev peTaTpémeral o mnyn psuuarog (A givai

OUOKOAN N oUAANWN TNG HETATPOTTHS), EKTEAOUVTAI TA €CAG BrMATA.

i) OpiCetal kal TTAAI 0 KOUBOG ava@opdag

ii) Ta Toug utréAoITToug dUo (2) KOuBoug agpol apIBunBouyv, opifovtal oI TA-
o€Ig Toug V,, V, wg TTpog Tov KOURo avagopdg.

iii) pdgovTtal o1 e€l0WOEIS KOPPBWYV OTTWG Kal OTNV TTPONYOUNEVN TTEPITITWON.

iv) Ta mnv "eikovik" TTNyr peUPOTOS YpA@eTal pia e€icwan TTou TTEPIYPAPEI
TNV QvTioTOIXN TTNYT TAONG UE TIG KOUPIKES Tdoeig V, , V, Kal TIAXVETaI £va
KAIvOUpPIo CUCTNHA £EI0WOEWV HE TTPWTN £§iowaon auTrv Kal deUTePn OTTOIN
ato TIG apXIKEG BUO PoAeUEl (va unv TTEPIEXEI TO €IKOVIKO peUpa). YTTAPXEI
TTEPITITWON KAMMia atrd TIG OU0 va un BoAelel, otréTe TTPOCTIBeVTal A agal-
poUvTal QUTEG PE OTOXO TNV £EAQAVIGN TOU EIKOVIKOU PEUNATOG TTOU EPQPAVi-
OTNKE OTNV apxn.

v) Ta egapTwpeva Pey€Bn TTou epgavifovral OTIG £51I0WOEIG eKQpAlovTal PE
TOUG ayVWOTOUG TToU TTPoRAAUATOS, dnAadH e TIG KOPPBIKESG TAOEIC.

vi) AuTé Suwg £xel oav aTToTEAEOUA va eP@avidovtal AyvwaoTol (KOPPIKES TA-
O€IG) KAl 0TO 20 PEAOG TWV EEICWOEWV.

vii) AvakaTtatdooovTal OToIXEIa TwV EEICWOEWVY WOTE 01 AyVWOTOol va EPQavido-
vTal HOvo OTO ApIoTEPO PENOG QUTWV.

vii) To ypapuikd oUoTnua 2x2 TTou TTPOKUTITEI AUVETAI OTTWG KOl OTNV TTEPITITW-
on a) Kal ol KOUPIKES TAoEIG gival TTAéOV YVWOTEG.

viii) O1 TGoeIg SAwv Twv KAGdWV uttoAoyidovTal atrdé ouvduaoHOoUG TWV KOUPI-
KWV TAOEWV KAl KATA OUVETTEIO T pEUPOTA OAWYV TWV OTOIXEIWV Eival yvw-
oT1d. Me aAAa Adyia OAOKANPWVETAI N €TTIAUCT] TOU NAEKTPIKOU KUKAWUATOG.

& [laparnpnon

® O uTTOAOYIONOG TOU PEUPATOG TTOU BIAPPEEI TN PN METATPEWIUN TTNYA TA-
ong (aveEdptntn N e€aptnuévn) yivetal atmd Tnv gicwaon 1Tou a@aipédnke armmo
TNV APXIKA HOPYr] TOU CUCTAHATOG, KOBOTI 01 KOPBIKES TAOEIS gival TTAéOV yVw-
OTEG.
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2X0A10: Zav mapadeiyua, va AuBsi To TponyoUuevo KUKAwUA (TTEpiTTTw-
on B.1) agpaipwvrag tnv avrioraon Twv 4Q (omore, n Tnyn Twv
96V sivar un perarpéwiun).

4-3. Oswpnua Thevenin kai Norton

Eival ammé ta omroudaidtepa BewpAuaTa TWV NAEKTPIKWY KUKAWUATWY, KUPI-
w¢ OTav evOIAPEPOPAOTE YIA £VA OUYKEKPIMEVO PEPOG TOU KUKAWPATOG 1 dTav
e¢eTadoupe TTPORARUATA TTPOCAPUOYAG (YIa PEYIOTN METAPOPA 1I0XUOG).

Ma 1Ta ypappikd wuika KukAwpata 1o Bewpnua Thevenin kar Norton diartu-
TTWVETAl WG €EAG:

O AoBEvTog £vOG YPOAUMIKOU WHIKOU KUKAWHPATOG Kal U0 aVOIKTWY OKPOdE-
KTWV autou A kal B, utropei va avTikaraoTabei To KUKAwPa autd atrd yia ave-
¢aptnTn TTNYA TdoNng o€ ocIpd Pe pia avrtiotaon (Bewpnua Thevenin) f atmd
MIa aveedptntn TNy peluuatog TTAPAAANAN pe tnyv idia avrtiotaon (Bswpnua
Norton).

Zxnuatikd 1o Bewpnua Thevenin kail Norton éxel wg €ENG:

RTH
—VWWN\————= A
— e A
TPOuHIKS ©. Thevenin v <+>
WUIKO _ T\
KUKAWMQ
—e B
* B
o A
—e A
TPOuHIKG ©. Norton
WUIKS —_— Iy <T> §RN=RTH
KUKAwua
——e B
* B

Zxnua 4.1. ©swpnua Thevenin kai Norton

H @uoikA oxnuacia Twv TTapauETpwy TToU eP@avidovtal ata 1I000UVaUa Ku-
KAwpata katd Thevenin kai Norton eivai:



120 ¢ KEDAAAIO 4

Vi, Eival n Tdon avoIKTOKUKAWOEWG TOU YPOAPMIKOU WHIKOU KUKAWWATOG PETO-
€U Twv akpodekTwv A Kal B.

ly:  Eival 1o peUpa BpaxXUKUKAWGCEWS TOU YPAUMIKOU WHIKOU KUKAWWOTOG JE-
TagU TWV akpodekTwV A Kai B.

Ry = Ry: Eival n avTiotaon Tou ypauuIKOU WHIKOU KUKAWHATOG UETALU TWV
akpodekTWV A Kal B étav autod cival "avevepyd", dnAadn otav £xouv
MNOevIOBE o1 TTNYEG TOu.

O1 TpeIg auTéG TTAPAPETPOI CUVOEOVTAI JETAEU TOUG WE TN OXEON:

R

TH N

=R, = h (4.3)
IN
H avdAuon kal n TTopeia TNG TEXVIKAG TTOU aKOAOUBEITAl yIa TOV UTTOAOYIOHO
TWV TTOPANETPWY TWV 1I000UVANWY KUKAWUATWY Katd Thevenin kai Norton,
eCaptaTal atmd 10 €i60G TWV TTNYWYV TTOU TTEPIEXEI TO YPAPMIKO WHIKO KUKAWA.

AlakpivovTal AoITTov o1 €EAG TTEPITITWOEIG:
o) Edv To KUKAWMO TTEPIEXEI HOVO AVEEAPTNTES TTNYES

i) MNa v eupeon ™G Vqy uttoAoyideTal n TGon AVOIKTOKAWOEWG PETAEU TwV
aKkpodeKTWYV A Kal B, epapudlovTiag OAeG TIG TEXVIKEG TTOU avaAlBnkav Péxpl
Twpa (M.A.B, M.K, diaipétn Tédong, diaIpéTn peUPATOG, K.ATT.).

ii) MNa v evpeon NG R,, undevidovtal OAeg o1 TTNYEG (TTNYEG TAoONG BPayuKu-
KAwvovTal, TTNYEG PEUPATOG AVOIKTOKUKAWVOVTAI) Kal UTToAoyideTal n oAIKA
avTioTaon TOU KUKAWMOTOG "KOITWVTAG" a1Td TOUG aKPOOEKTEG A Kal B.

iii) Mo Tnv eupeon Tou |y BpaxukukAwvovTal ol akpodEKTEG A Kal B kai utroAoyi-

CeTal TO peUpa TTOU TTEPVAEI aTTO TO BPAXUKUKAWHA AUTO, EQapuOlovTag OAES
TIg TEXVIKEG (M.A.B, M.K. diaip€tn 1ad0NG, d1aip€Tn peUPATOG, K.ATT.).

iv)Na mnv eupeon g Ry 1oxU0ouv 611 Kal yia TNV Ry, KaBoT Ry = Ryy.

> Mapadsiypa
MNa 10 KUKAWWO TOu TTOPaKATW oXANATOG BpeiTe TO 1I00dUVapo KaTtd Thevenin

KUKAwPa atmd Toug akpodéKTeG A Kal B kal atn ouvéxeia 10 10080VANO KATA
Norton.
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26Q
o A
400 20V
17,4V 100
4Q
*B
Auon
EUpeon NG Vqu:
26Q
o A
40Q '\D 20V
17,4V
I 10Q
4Q
*B

O1 e€iowoeig Twv A.B givai:
R11-I1+R12-I2=ZV1} 54-I1-40-I2=37,4}
R, -l +R,, I, =2V, -40-1, +66 -1, =-20
AUvovTag 1o ouoTnua (1) TTPOKUTTTEL
I, =0,849 (A) l,=0,219 (A)
Etmropévwg,
Vin = Vag = Vigog) = Iy - 10 =0,849 - 10 = Vq, = 8,49 (V)

Eupeon Tng Ryy:
Mndevifovtag OAeG TIG TTNYEG TO KUKAWMA YiVETAI:

26Q
40Q
* A
10Q 4—‘
R
40 TH
B
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Ryy = Rag = [26//40 + 4]//10 = (15,75 + 4)//10 = 19,75//10 = Ry, = 6,64 (Q)

Apa, To 1I000UvVauo Katd Thevenin KUKAwua givai:

R;=6,64Q

V;,=8,49V

°
v}

Eupeon Tou |:
BpaxUKUKAWVOVTOG TOUG aKPOOEKTEG A Kal B, TO KUKAWQ TTaipvEl TN HOPON:
(n avtiotaon Twv 10Q BPaxUKAWVETAI Kal ETTOPEVWG AYVOEITal).

26Q)
40Q
A
20V
[ ]
17,4V B vy
I B

O e€licowoeig A.B civar:

R, -, +R,, I, =5V, 44.1,-40-1,=37,4
Ryl +Ry, | =5V, -40-1,+66-1, =-20

AUOvovTag 10 ouoTnua (1) TTPOKUTITEL
I, =1,28 (A) kai I', = 0,47(A)
Apa I\=1,=1,28 (A)

ETmropévwg, 10 1Ic008Uvapo katd Norton KUKAwWa givai:
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o A

I,=1,28(A) R, =R;,=6.,64Q

* B

2X0AI10: 210 id10 amoréAsoua Oa umropouoes KATToIOC va BpeOsi kai Eupe-
oa amo 1o iIcoduvapo Kard Thevenin KUKAwud, apou

B) Edv 10 KUKAWHO TrEPIEXEI AVEEAPTNTEG KAl EEAPTNHEVES TTNYEG

TNV TEPITITWON auTh, eKTEAOUVTAI TA £ENG BAuaTa:
i) YmoAoyiCetail n V4 OTTWG Kal oTnV TrepiTrTwon (a)
ii) YmroAoyiCetai 10 |y 6TTWG Kl oTNV TTEPITITWON () Kal

iii) YmoAoyiCetal n avtiotaon Ry, (7 Ry) amoé mn oxéon Ry = # =R,
N

& [Naparnpnon

e H avtiotaon Ry (4 Ry) 0gv utmopei va uttoAoyIoTEl OTTwG Kal oTAV TTEPITITW-
on (a) d16TI To KUKAWMa dev PTTopEi va "adpavotroinBei” apou ol eEapTnuéveg
TNYEG €ival TTAVTA eVEPYEG.

> Mapadsiypa
MNa 10 KUKAWPA Tou TTapakaTw axAuaTog Bpeite T0 1I00dUvauo katd Thevenin
kal Norton KUKAwpa atrd Toug akpodEKTEG A Kai B.

3001,
2kQ 5kQ 10kQ

_— — —e—o A
s |

40V 20kQ 40kQ
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Auon
YToAoyIoHOG TNG Vyy:

3001,
2kQ 5kQ 10kQ

40V 20kQ 40kQ
[

e B
O eClowoeig Twv A.B cival:
Ryl +R,, -1, =2V, 22-1,-20-1,=40 —
:> A2
R, -, +R,, -1, =2V, -20-1,+75-1,=300-1,
22-1,-20-1,=40

QVOKOTAVON OTOIXEIWV

o o, (1)
ng egiowang -320-1,+375:1,=0

22.1,-20-1, =40
-20-1,+75-1, =300 (1, -1,)

AUOvovtag 1o ouoTnua (1), TTPOKUTTTEL
l,=8,11 (mA) [,=6,92 (mA)
Etropévwg
Vin = Vag = Vioka =40 - 1, =40 - 8,11 = V;, =324,4 (V)
YtroAoyiopog Tou ly:
BpayukAwvovTtag Toug akpodekTeG A, B (n avTiotaon tTwv 40(KQ) BpaxukAw-
VETAI) TO KUKAWUA TTaipVEl TN Hop@n:

3001,
2kQ 5kQ 10kQ

N e

40V ) 20kQ

O e€licowoeig Twv A.B civar:
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R, [ +R, [, =%V, 22.1,-20-1, =40 -
, | ) j | : ) ) A2
R, -l +Ry, 1 =2V, 20-1,+35- =300-1,

22.0-20.1,=40
QAVAKATAVOUN OTOIXEIWV

poma | 22120240 o)
2n¢ e€iowong -320- |1 +335. |2 =0

22:1,-20-1,=40
-20-1,+35-1 =300(l;-I)

AUvovTag 10 cuoTnua (2), TTPOKUTITEL
[,'=13,81 (mA) I, =13,196 (mA)

Emopévwg: Iy = 1,'= 13,96 (mA) Kal KaTd CUVETTEIQ:

V. 324,4

Ry =Ry= 1= — = R,, =R, =24,58 (KQ
o 13196 ™M (KO)

Apa, Ta 1I000Uvapa KUKAwuata katd Thevenin kai Norton givai:

R;=24,58kQ
o A e A
Iy=13,196mA Ry=24,58kQ
V;,=324,4V
e B e B

Y) Edv 10 KUKAWpO TTEPIEXEI HOVO EEAPTNHEVES TTNYES

2Tnv TepimTwaon autr €meidr 0ev UTTAPYXOUV aveEApTNTEG TINYEG, TTPOPA-
vwg Vi = 0, Iy = 0. ETTopévwg, n €0peon Tou 1000UVANOU KUKAWUATOG KOTA
Thevenin kai Norton, atmmookotrei oTov uTToAOYIOWO TNG avTtioTaons Ry, = Ry,
€TO1 WOTE VA YVWPICEI KAVEIG TNV WHIKA CUPTTEPIPOPEG Tou OTav auTd CuvoEDEi
o€ GAAO KUKAWWQ.

AUTO TTETUXaIVETAI WG EEAG:

Zuvdéoupe O0ToUG aKPOodEKTEG A Kal B pia ave€dptntn mnyr peuuatog 1 (A)

KOl UTTOAOYICOUME HE TIG YVWOTEG TEXVIKEG TNV TAON V, TTOU ETTIKPATEI OTA

dkpa autic. Ereidn &¢ V, = Ry, - 1 (A), ouptrepaivoupe o011 N Ry €xel Tipn ion

ME TNV TIYA TNG Taong V, o€ povadeg avtiotaong, 6nAadn oe (Q).

> MNapadsiypa

MNa 10 KUKAWWPO Tou TTaPaKATw oXANaTOS Bpeite TO 1I00dUvVapo Katd Thevenin
Kal Norton KUKAwpa a1roé Toug akpodEKTEG A Kai B.
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20Q
o PY A
| +
[l
\%
1220 I, X 1kQ Vy
50
| A d A4 - B
Auon

>uvdéoupe Toug akpodEékTeg A Kal B pia ave¢dptntn TNy peuparog 1 (A) kai
TO KUKAWMQ YiveTal:

20Q

V.
1220 I, X 1kQ \% 1A

MeTaTpéTrovTag TNV €€apTNUEVN TTNYR TAONG O€ €apTnPévn TTNYN PEUPATOG
Kal e@appodovtag Tn M.K. TTpoKUTITEL:

@ Vv

: : A,
+
o L. ol 7]
20Q 5_3 1kQ  Vy 1A
L I L Bv
G,y V,=2l, = i+L -V, =61l _£+1 'Xﬂ(%
20 1000) ' * 50 VeV

v, V,
- 410,051+ V. = 0,061V, — 0,02V, + 1
1000 50 17 BRIV, = BEA T 12

> 0,01-V,=1 - V,=100 (V) =V,

~ 0,051- V, = 61-

Kal KOTA OUVETTEIQ
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R,,= 100 (Q)

Apa, 10 Ic00Uvapo katd Thevenin kal Norton KUKAwa givai:

. A
R;,=R,=100Q

V=0 (V), [\=0(A)

& [laparnpnoeig

Kai o1 TpeIg TTEpITTTWOEIS TToU eEETACONKAV GTNV TTAPAYPOPO AUTH PE OTOXO
TNV €Upean Tou I00duvAauou Katd Thevenin kal Norton KUKAWUATOG, OUvVaVTW-
vTal TTOAU guxvd oTnv TTpdén.

* H Baoik 6pwg TPoUTTé0eon TNG YPAUMIKOTNTOAG TOU WHIKOU KUKAWMATOG
yia TNV €Qapuoyn Twv BewpnudTtwy autwy, Ogv gival attapaitnTn yia TO QOpPTio
(ouvABwWG WuIKG) To OTToI0 CUVOEETAlI OTOUG AKPOBEKTEG A Kal B pe okotd Tnv
elpeon TNG TAONG, TOU PEUNATOG ] TNG I0XUOG O’ auTd. To QopTio UTTopEi va gival
€ITE YPAUMIKO EITE PN YPOAUMIKO.

* ‘Eva dAAo onueio To OTToi0 TTPETTEI KAVEIG va TTPOCEXE! €ival OTI, TV OTTO-
HOVWVEI KATTOIO TURAKA TOU KUKAWPATOG PE OKOTTO OTO UTTOAOITTO VA £QAPUOCEl
Ta BewpruaTa autd, TTPETTEI va gival oiyoupog 6Tl DEV UTTAPXEl ECOPTWHEVO é-
ye€B0G TO OTTOI0 VO AVAKEI OTO ATTOPNOVWHEVO TURPA, KaBOTI n diadikaoia peTa-
TPOTTG TOU UTTOAOITTOU KUKAWMaTog katd Thevenin kai Norton eival aveEdptnTn
atro Ta OUIKG OTOIXEIO TOU ATTOMOVWPEVOU TUAMOTOG.

AUTEG oI TTapaTnEROEIS QaivovTal OXNKATIKA OTO TTAPAKATW OXHKA.

......................................................................................

Quiké KUKAwpa K

: KUkAwpa K, KukAwpa K,

QuIko MpappIkod . QuIKO MpappIKO !
E f MN YPAUKIKO :
: Mnyég Tdong :
PEUPOTOC B Aev TEpIEXE
aveapTnTEG ueyEON atré Ta
: Kal e€apTnuUéveg oTToia e§apTWVTAl :
: TMYEG Tou K, E
: K,UK, = K E

Zxnpa 4.2 Amapaitntes mpoUtroBEaceis yia Tnv epapuoyn Twv Bewp. Thevenin kai Norton
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* Mia otroudaia epapuoyn Tou Bswprpatog Thevenin yia Tov UTTOAOYIOUO
IOXUOG O £V OUYKEKPIYEVO TUANO £VOG KUKAWMATOG, gival éTav To TUAKA auto
aTToTEAEITAI ATTO PN YPAMMIKA aVTiIOTAON YVWOTAS XAPOKTNPIOTIKAG KAWTTUANG V
- 1. O 1pOTTOG Epyaaciag oTIC TTEPITTITWOEIS AUTEG, QaiveTal yéaa aTrd 1o akdAouBo

TTapAdEIypa.

> Mapadsiypa

Na uttoAoyIoBei n 10XUG OTN KN YPOUMIKA avTioTaon Tou TTOPAKATW KUKAW-
MOTOG TNG OTTOIAG BIiVETAI N XOPAKTNEIOTIKA KAWTTUAN.

I(mA)
3 [
T (R)

1kQ 27

3mA 2kQ R |
l 5V v
) of 1 (V)

Auon

ATTOMOVWVOUE TN N YPOUMIKN avtiotaon R kal yia 1o UttOAOITTO KUKAWUG
Ba Bpoupe To I006UvVauo KaTtd Thevenin autou, dnAadn

3mA 2kQ |

EUpeon NG Ryy:
MndevifovTag TIG TTNYEG TOU KUKAW-
HOTOG €XOUE:

©. Thevenin

I VTH

2kQ

1kQ
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EUpegon Tng Vqu:
MeTaTpéTTOVTag TNV TNy PEUPOTOG OE TNy TAONG Kal £QapuolovTag 10
vopo Tou Ohm, TTPOKUTITEL

6+5 _11 11 4
|=2+1=§(mA) Kail VTH:VAB=|'1—5=§-1-5:VTH:'§(V)
2kQ
] |
A 1kQ
6V | |
5V

Apa, 10 I000Uvapo katd Thevenin KUKAwua givai:

R;,=2/3kQ I(mA)

! °f R)

2
Vi, =413V | R
[Xe

l v

B

o 3 3 3

Av V n 1G0N TTOU ETTIKPATEI OTA AKPA TNG KN YPAUMIKAG avTioTaong TOTE:

4 . 2
Vo, =l-R, +V=—~=].24V
TH TH 3 3

H ypa@iki TTapdoTacn Tng ox€ong auThg (euBeia ypapun) TEUVEN TN Xapa-
KTNPIOTIKN TNG UN YPOUMIKAG avTioTaong oTto onueio Q (onueio Asiroupyiag) Tou
oTToiou ol ouvTeTaypéveg givar: V = 0,45 (V) kai | = 1,45 (mA).

Etropévwg, n 100G 0T WNn YPQUUIKA avTioTaon givai:

P = 0,45 - 1,45 = 0,6525 (mW)
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4-4. Oswpnpa HEYIOTNG HETAPOPAS I0XUOG

‘E0TW YPOUMIKO WHIKO KUKAWMA TO OTTOi0 TPOo@odoTEl ypauuikd gopTio R,
OTTWG QaiveTal 0TO TTAPAKATW OXNMO.

pappiké @opTtio
| A :' """"""""" !
i | |
papuiké i i
WHMIKO roRL E
KUKAWMQ | i |
— | | |

Zxnua 4.3. Tpopodoaia ypauuIKoU QopTiou atréd YPAUUIKO WUIKO KUKAwUA

ZUppwva pe 10 Bewpnua Thevenin, To KUKAWPA auTd hETAOXNMUATICETAI WG
24119

MPOapHIKG WHIKG KUKAWNA pappiké gopTio

2xnua 4.4. looduvauo kard Thevenin KUKAwa Tou KUKAWUATog Tou oy. 4.3.

MNa peyiotn petag@opd 10x00¢ aTo QopTio R, atTtodeIkvUETal OTI
RL = Ry (4.4)
Kal N JeyioTn HeTaQepOpEVN 10XUG TTAVW OTO QOPTIO €ival ion WE:

2
= Vin

4.5
max 4RTH ( )

Edv, avTi Tou TTOAUTTAOKOU YPONMIKOU KUKAWHATOG £XOUUE Wia TTPaYHOTIKA
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TTNyn 1a0Ng V, Kal E0WTEPIKNG avTioTaong R, TOTE TTPOQAVWG YIa YEYIOTN PETO-
Popa 1I0xU0G o€ QopTio R, TTpETTEl va 10XUEl N oXE0N

R =R (4.6)

OnAadn, 1o EWTEPIKO QOPTIO TTPETTEI va €ival i0O YE TV ECWTEPIKI avTioTAON
NG TTNYNAS, N O€ YEYIOTN 1I0XUG €ival

2
- L:I/; (4.7)

S

To Bewpnua autd €xel TTOANEG EQOPUOYEG OTNV TTPAEN, Kupiwg o€ BEuata
TTPOCAPPOYNG POPTIoU -TTNYAG MECW YPANMWY HETAPOPAC, OTIG TNAETTIKOIVWVI-
€G, 0€ NAEKTPOVIKA KUKAWMOTA, K.A.TT.

> Mapadsiypa

270 KUKAWWO TOU TTAPOKATW OXAUATOG BPEITE TNV TIUA TNG METAPRANTAG avTi-
otaong R, €101 WoTe va £Xoupe PEYIOTN HETAQOPA I0XUOG O° AUTHV KAl OTN CUVE-
XEla Bpeite TN hMEYIOTN auTh I0XU.

3Q 4Q
: [
100V 200 R, 101,
20 10 |
Auon

ATTOpOVWVOUWE TN METABANTH avTioTaon R, kal yia To UTTOAOITTO KUKAWMA Ba
TTpooTraBrioouue va Bpouue To I000UVauo Katé Thevenin autou, dnAadn)

30 40

©. Thevenin
20Q 101 - >V

. BI J -———e B
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Eupeon Tng Vqu:

amn
k2

=
-

O1 e€licwoeig Twv A-B gival:

R, L, +R,, l, =2V, 25.1,-20-1, =100 -
] 1
R, -l +R,, 1, =5V, -20-1,+25-1, =-10 |,

25.1,-20-1, =100 25-1,-20-1, =100
2n¢ e€iowaong _30'|‘I + 25|2 =0

avakaravopr oToixeiw
-20-1,+25-1, =-10 (-I,)
AUvovtag 1o ouoTnua (1) TTPOKUTTTEL
I, =100 (A), 1, =120 (A)
ETropévwg
Vi = Vag =20 (I, - 1,) =20 (100 - 120) = -400 (V)

Eupeon Tou |:
BpayxukukAwvovTag Toug akpodékTeg A, B (n avriotaon 20Q trapalsitretar)
TO KUKAWMQ TTAipVEl TN HOPYN:

o
. et \9 101,
100V L !

]

L

O1 e€licwoeig Twv A.B civar:

R, -l +R,, -, =2V, 5.1,+0-1,=100 L
oL S P ) : @t
R21-I1+R22-I2=ZV2 O-I1+5-I2=-10-I¢
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5. +0-1,=100
avakaravoun aToIxeiwv

2n¢ egiowong -10- |1 +5. | =0 (2)

5.1,+0-1, =100
0, +5-1 =-10-(-,)
AUvovTag 1o oUoTNUA (2) TTPOKUTITEL

I, =20 (A) 1,=40(A)

Emopévwg Iy =17, -1,=20—-40 = Iy =- 20 (A) ka1 KOTA CUVETTEIQ:
V. -400
Ry =f=%:> Ry =20 (Q)

Apa, 1o 1I00dUvVauo Katd Thevenin KUKAwua givail:

|

400V R

20Q

L

B
MNa péyiotn petagopd 10x0og otnv avriotaon R, TpéTel
R. =Ry =20 (Q)

n &€ PéyioTn auTh 1I0XUG gival
V2, _ 4007

P =

. = Ppa = 2000 (W) = 2 (KW)
4R, 4-20

4-5. Oswpnua EmaAAnAiag (R YmEpOeong)

Eival iowg n otmmoudaidtepn apxr TTou XapakTnpigel Tn Asitoupyia Twv ypau-
MIKWV NAEKTPIKWY KUKAWPATWY KAl YEVIKA TWV YPOANPIKWY CUCTNUATWY.

AvaAoya e 1o €i60G TWV TTNYWYV TOU KUKAWMOTOG, SlakpivovTal ol £ENG TTEPI-
TITWOEIG:

a) Edv 1o KUKAwA TTEPIEXEI MOVO AVESAPTNTEG TINYEG

Q 2’ éva ypaupIkKd WHIKO KUKAWMPO TO OTToio dlgyeEipeTal atmd n aveEdpTnTeg
TTNYEG (TAONG, PEUMATOG), N TACN A TO pEUPa £vOg KAGDOoU 1c0UTal UE TO ABpoIoua



134 ¢ KEDANAIO 4

TWV N ETTIPNEPOUC TACEWVY 1 PEUMATWYV TTOU TTPOKUTITOUV OTAV KABE TTNyN EVEPYN-
o€l uévn TNG 0TO KUKAWWQ.

AuTO onuaivel 6T, KGBE Popd Wia TNy €ival evepyOg V) 01 UTTOAOITTES UNnOE-
votrolouvTal, dnAadn, o1 TIyES TAong BpaxuKUKAwvovTal Kal ol TTNYEG PEUPATOG
QVOIKTOKUKAWVOVTAI.

ZxNMaTIKA N apxn TNG eTOAANAIag £xel wg €EAG:

n avegapTnTEG i —s £€€000G: y = Zyk
Tnyéc } f, ——| ypappIK6 WUIKG KUKAWPa ————— pt
fy —— (160N 1 PEUNA KAGSOU)
£5000g6: v,

™Y f; ———| ypopuIké wIké KUKAwPA ——————>

+

i £5000¢6: Y,
m™yn  f, ——| ypoppikd wHIKS KUKAwpa |———>

+

' £5000G6: y,,
myn  f, ——| ypappiké wikd KikKAwpa |———>

Zxnua 4.5. Oswpnua tns Emaiiniiag

> Mapadeiypa
270 KUKAWMA TOU TTAPOKATW OXAMATOG BPEiTeE TO pelua TTou dIEPXETAI ATTO
TNV avtiotaon Twv 10 (Q) epapudlovTag 1o Bewpnua TNG ETTAAANAIGG.

30Q A 15Q

T

10Q 60V
100V
B
Emidpaon Tng Tnyng Twv 100 (V):
15 100 15 100 15

|X=|1. = — Ix= —3|X=1,67(A)
15+10 15/10+30 25 6+30 25
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30Q 15Q

10Q
100V ‘
B
Emidpaon Tng Tnynig Twv 60 (V):
y:2. 30 = 60 §3| = 60 £:|y=2(A)
30+10 30/10+15 40 Y 7,5+15 40
30Q A 15Q

10Q 60V

Emopévwg, 10 pevpa tng avriotaong Twv 10 (Q) sival
laony=ly - I, =2-1,67=0,33 (A)

ME popd atrd Tov KOUPBo B oTov kéuPo A.

B) EGv 10 KUKAWHO TTEPIEXEI AVEEAPTNTES KAl EEAPTNMEVES TTNYES

O 2 éva YPAUMIKO WHIKO KUKAWWO TO OTTOIO TTEPIEXEI AVECAPTNTES Kal £EApP-
TNUEVES TTNYEG (TAoNg, PEUPATOG), N TAON 1 TO PeUua £vog KAGdou IooUTal [E
TO ABPOICHA TWV ETTIMEPOUG TACEWY ) PEUPATWY TTOU TTPOKUTITOUV OTaV KABE
aveEdpTNTN TTNYN EVEPYNOEI HOVN TNG OTO KUKAWWA TTapouaia OAwV Twv eEap-
TAMEVWYV TTNYWV.

AuTO onuaivel 611, KGBE Popd pia ave¢apTnTn TINYA €ival evepyodg evw Ol UTTO-
Aoitreg undevorroiouvrai, dnNAadr o1 aveEdpTnTeG TTNYEG TAONG BPAXUKUKAWVO-
vTal Kal Ol aveEApTNTEG TINYEG PEUMATOG OVOIKTOKUKAWVOVTAI, VW OAEG oI e€ap-
TNUEVES TINYEG €ival evepyES (EKTOG Kal av PNOevIOTEl TO eEAPTWHEVO UEYEBOC
auTWV).

Zxnuatiké 1o Bswpnpa TNG ETTAAANAIag Kal oTnV TTEPITITWON AUTA gival OTTWG
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KOl TTPONYOUMEVWG PE TN dIAQOPAd OTI, TO TTANBOG TWV ETTIHEPOUG KUKAWHATWYV
gival ioo pe 10 TTARBOG Twv AVEEOPTATWY TTNYWV KAl OXI OAWV TWV TTNYWV TOU
KUKAWOTOG.

> Mapadeiypa
270 KUKAWMO TOU TTOPAKATW OXAUATOS BPEiTe TO pelpa |, e@apudlovtag Thv
apxn TnG eTTaAANAIaG.

20 10
1 |
10V 3A 21y
Auon
Emidpaon Tng Tnyng Twv 10 (V):
20 10
" |
10V 2y
_10-21,

=3I, =10-2I, = |, =2 (A)

X4

Emidpaon Tng rnyig Twv 3 (A):
MeTaTpéTTovTag ThV TTNYN TAONG O€ TNy PEUMATOG, TO KUKAWUA YiVETAl:

20 @) V,

. 1]

3A 1Q 21y,
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Gy V= 1+1 “V,=3-21, :>§-V1=3-2- N =
2 2 2 2
=25-V,=3=>V,=12(V)
V 1,2
Apal =-—t=-—-=] =-0,6(A
p Xy 2 2 Xy ( )
Emopévwg,

L =l, +l, =2-0,6=1 =1,4(A)

&= [lNaparnpnon

e To Bewpnua TG eTaAAnAiag 1oxUel yovo yia Tnv Tdon Kai To peupa. Agv
IoXUEl OPWG yia TNV 1IoXU P =V - | 81611 auTr] dev gival ypauuIko pEyebog.

MNa TNV KaAUTEPN KaTavOnon autoU TOU TTPAYMOTOG, QG ETTIXEIPIOOUME VO
UTTOAOYICOUNE TNV I0XU TTOU KATAVOAIOKETAI GTNV QVTIOTAON TOU TTAPAKATW KU-
KAWPATOG PE TNV apXA TNG eTTaAANnAiag.

[
v |

| 20
2V
| :
—12+22-1+2-25W ] AANAI
o) T 5 ¥ T 5+2=2,5(W) (xeon emanhiag)
To atmmotéAeopa auTtd TTPoPavWG gival AdBog KaboTi,
(1+2)° _9
P(zo) = T - E =4,5(W)

KAl auTO oQEiAeTal OTO YEYOVOGS OTI, DEV UTTOPEI VA EQAPPOCTEI N apXK) TNG ETTAA-
AnAiag o€ pn ypappikd péyeBog, OTTwg eival n 10XUG.

4-6. OStWPNHATA CUHHETPIKWY KUKAWHATWY

H etriAuon evog YpApUIKOU WHIKOU KUKAWPOTOG HE TIG TEXVIKEG TTOU avaTTTU-
XOnkav £wg Twpa, JTTopei va atrAoTtroinBei onuavTiké edv 1o KUKAwPA gival CUp-
METPIKO, BNAadA €AV €xEl KATTOIOV AEOVA CUUMETPIOG.

AvaAoya e To €id0G TNG CUMMETPIAG BIAKPIVOUE TIG €EAG TTEPITITWOEIG:
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o) KUKAWPOTO ME KATAKOPUPN CUUMETPIO KOI CUMMETPIKA Bléyepon

Q Eadav éva ypauuikd wuikd KUKAWPO TTapOoUCIadel KATaKOpU@n CUMMETRIO
Kal n OIEYEPOTN TOU E€ival CUPUETPIKI, ATTOOEIKVUETAI OTI UTTOPOUNE VA AVOIKTOKU-
KAWOOUE TIG CUVOEDEIG METAEU TWV BUO CUUMETPIKWY HICWY TOU KUKAWUATOG
KalI VO JEAETAOOUNE €va TUAUA AuTOU, ATTAOTTOIVTOG £TCT ONUAVTIKA TNV avAaAu-
on Tou apXIKoU KUKAWUATOG.

afova ouppETpIag

VYPOUMIKO WHIKO KUKAwua N

b
=0}
;=0
N/2 i N/2
=
N2 [T N2
R

Zxnua 4.6. KUKAwua pe Katakopupn GUUNETPIa Kai OIEYEOLON TUUUETPIKN

> Napadsiypa

270 KUKAWPA TOU TTAPAKATW OXAMOTOG BPEITE Ta PEUPATA TWV AVTIOTACEWV.

40

100V

10Q
MWW
6Q 6Q 4Q
—\VWW\ ’ MW MW
200 100V
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Auon
To KUKAWWPG PETAoXNUATICETOI WG EENG:
50 § 50
40 [__60 i 6Q __W 40
100V 400= | = 400 100V

Etreidr uttdpxel KaTakdpu@n CUPPETPIO Kal N DIEyEPON TOU KUKAWHATOG gival
OUMMETPIKA, MTTOPOUME VA PEAETHOOUNE TO MIOO KUKAWUA PE AVOIKTOKUKAWUE-
VEG TIG OUVOEDEIG.

5Q
—e
40 FGQ
¢ —o—o
100V | 40Q
O1TOU TO PEUa Tou aTTAou Bpdxou eival | = _100 2(A)
4+6+40

ETTopévwg, Ta peuhaTa TWV AVTIOTACEWY TOU OPXIKOU KUKAWMPATOG gival:
avTioTaoewyv Twv 4 (Q): 2 (A)
avTioTdoeig Twv 6 (Q): 2 (A)
avTioTdoeig Twyv 20 (Q): 2+2=4(A)

B) KuKAWHATA pE KATOKOPUPN CUUMETPIA KAl AVTICUMMETPIKN Siéyepon

Q Edv éva ypoUPIKO WHIKO KUKAWUA TTAPOUCIAEl KATAKOPU®N CUPUETPIA KAl
n JIEyEPON TOU €ival AVTIOCUMUETPIKN, OTTOOEIKVUETAI OTI TTOPOUE VA BPAXUKU-
KAWGOOUE TIG GUVOETEIG METAEU TWV BUO CUUMETPIKWY HICWV TOU KUKAWHATOG
KAl va JEAETACOUNE £va TUNAKA AUTOU, ATTAOTTOIWVTAG £TC1 CNUAVTIKA TNV avAaAu-
0N TOU apPXIKOU KUKAWUATOG.
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afovag gupueTpiag

- ]
Vv YPOAUMIKG WHIKO KUKAwpa N vV
L I
U
+ V=0
Y N/2 N/2 v
L I
+V.=0
U
- ]
\Y N/2 N/2 v
L I

Zxnua 4.7. KOKAwua e KaTakopuQn CUUNETPIa Kail OIEYEOTN aVTICUUETPIKN

> Mapadsiypa

270 KUKAWHA TOU TTOPAKATW OXAMATOG BPEiTE T pEUPATA TWV AVTIOTACEWV.

40

10Q

6Q

6Q

40

100V

20Q

100V

Auon

To KUKAWUG PeTaoynUaTifeTal wg €ENG:
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50 50
40 60 60 _‘ 40
100V 400= | = 400 100V

Etreidr uttdpxel KaTakOpU@N CUUMETPIO KAl N DIEyEpon TOU KUKAWHATOG gival
QVTICUMUETPIKN, JTTOPOUHE VA PEAETHOOUNE TO PIOO KUKAWHA PE BPAXUKUKAW-
MEVEG TIG OUVOEDEIG.

100V 40(><

oT1ToU,
= & = 14,86 (A)
5/6+4
Me dia1p€Tn peUPATOG, TTPOKUTITEI
l, = I-i = 14,86~£ =6,75(A)
5+6 11
Kal lL=1-1,=14,86-6,75=8,11 (A)

ETTopévwg Ta pelpata TwY aVTIOTACEWY TOU apXIKOU KUKAWMOTOC €ival:
avTioTdoeig Twv 4 (Q): 14,86 (A)
avTioTdoeig Twv 6 (Q): 6,75 (A)
avtiotdoelg Twv 10 (Q): 8,11 (A)
avTioTdoeig Twyv 20 (Q): 14,86 - 14,86 = 0 (A)
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Y) KukAwpaTa pe KaTakOpu@n CUMHETPIa Kal TuXaia diéyepon

Q Edv 10 YPOUMIKO WHIKO KUKAWHA TTAPOUCIALEl KATAKOPU®N CUUMETPIO KAl
n di€yepon Tou eival Tuxaia (V1, V,), amrodeikvUeTal 0TI JTTOPOUNE, avaTTuooo-
vTag TN OIEyepon o€ MIa ETTAAANAIQ YIOG CUUMETPIKAG KAl JIOG AVTICUMPETPIKAG
dIEyepong, va odnynboupe ae dUO ETTIPEPOUG KUKAWMATO QVTIOTOIXO TWV TTEPI-
TITWOEWV a) Kai B).

H avattugn tng diEyepong oTig U0 CUVIOTWOEG (CUPMETPIKE, AVTIOOUUETPI-
Kn) yivetal Baoel Twv OXECEWV.

V=t o 48)
+ -
v, = 2V2 Y 2V2 (4.9)

H 1Topeia epyaciag TETOIWV KUKAWPATWY QAIVETAI OTO TTAPAKATW OXHA.

I G€ovag oupPETPIag

V, | ) YPOUUIKO wuIKG KUKAwpa N g ]]: >V2
I
v, N/2 . N/2 v,
) v )

V,+V, _/ —/ VY,
2 N/2 . N/2 2
ViV, . ViV,
2 ) () 2
N4 . N4

1,=0
1,=0
V,+V, N/2 . N/2 V,+V,
2 | =0 2
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®
7 = ]

V,-V. 1V,=0 V,-V.
1; 2 N/2 : N/2 1; 2
L | $V,=0 I
U
V,+V, N2 [ T N2 V,+V,
2 : : 2
L . e T
®
7 —|
Vi-V, N/2 . . N/2 Vi-\V,
2 . . 2
L T

Zxnua 4.8. KUKAwua e Katakopupn GUUNETpia Kkai dIEyepan Tuxaia

> Mapadsiypa
270 KUKAWHQ TOU TTOPAKATW OXUATog utrohoyioTe To peupa |, kabwg eTriong
Kal TNV 180N V,.

I, 100
I, 40 6Q 6Q 40
N L .
I,
100V 30 200 = v, 30 70V
Auon

To KUKAwpa peTaoxnuaTi¢eTal wg €EAG:
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50

Lol

100V 3Q 400

ISy
o}

40Q 30 7oV

E1re1dr) utTdpxEl KATAKOPUQN CUMMETPIA Kal n dIEyepon TOU KUKAWMOTOG €i-
Val TUXaia, JTTOPOUKE VO HEAETAOOUE TIC TTAPAKATW OUO NUITOUES (OUUMETPIKNA,
QVTIOUPMETPIKNA).

50 50

e _ _‘(
40 6Q 40 60
.. ® .

+

100+70 _
2

»
2
=85V Dso 9400 Ve, =15V 30 4oc>< V,=0

& ® &

SUPMETPIKA NUITOUN AVTIGUUUETPIKA NUITOURA

Emidpaon TnNg CUPMETPIKAG OUVICTWOAG Twv 85 (V):
O1 eglowoelg Twv atmAwyv Bpdxwy eivai:

Ry L, +R, I, =2V, 7-1,-3-1,=85

=

R, -, +R,, I, =2V, -3:1,+49-1,=0

AUOvovTag 1o ouoTnua (1) TTPOKUTITEL
l,=12,47 (A) I,=0,763 (A)

ETropévwg

= I, = 12,47 (A) ka1 V,, = I, - 40 = 0,763 - 40 = 30,5 (V)
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Emidpaon Tng avTICUPUETPIKAG ouvIoTWOo A Twv 15 (V):

_ 5V 15 15

| = = = =2,76 (A
2 R, 5//6/3+4 5,428 )

kail V,, = 0 (BpaxukUKAwUa)
TéNOG, pe e@apuoyry ETTAAANAIAG TTPOKUTITOUV:
l, =1, +1,=12,47 +2,76 = |, = 15,23 (A)

KQl
V.=V, +V,=305+0=V,=305(A)

4-7. NpoBARpara mpog Auon

1° 510 KUKAWHA TOU TTOPOKATW OXAMATOG XpnoiyoTroiwvtag T M.A.B uttoho-
yioTe a) Tnv 10X0 TToU TTapEXEl 0TO KUKAWWPA n TNy Twyv 100 (V) kai B) Tnv

I0XU TTOU KATavOANiOKETAI 0TNV avTioTaon Twy 15 (Q).
((a) 491 W, B) 136,81 W)

50 10Q

100V 40Q 15Q

2° 510 KUKAWPA TOU TTAPAKATW OXAHATOG Bpeite TNV Tdon V, XpNOIJOTTOIWVTAG
™ M.A.B. (V,=3,17V)

50 + Vo

T

50

150 100

40V 15V

30V
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(] , Ve . ’ . 7
3° 510 KUKAWMO TOU TTAPAKATW OXAMATOG BPEITE TNV I0XU TNG TTNYAG TWV 2(A),
xpnoipotroiwvTtag 1 M.A.B. (Pay=92,73 W)

40Q 2A

20V 15Q 10Q

50

4° 510 KUKAWPQA TOU TTOPAKATW OXAMATOS BPEITE TRV TAON Vg XPNOIMOTIOIW-
vtag TN M.A.B kai oTn ouvéxela &€icte OTI n TTapexopevn 10xUG gival ion e

TNV KATAVAAIOKOUEVN. (68V, Prppex = Praran, = 864W)
VX
40 A
1
40
+ V>< —
?
40
40
100V |
40 20V
®
B

5° 510 KUKAWMA TOU TTapakATw OXAUATOG BPEITE TNV I0XU TTOU KOTOVAAWVETOI
oTtnv avriotaon 1(Q), xpnoigotoiwvtag TN M.A.B kabwg

21

X

40V |
8V
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€TTioNG Kal TNV 10X0 TNG TTYNS peupaTog 21,.
(Pqy = 144W, Py, = 160V karavaAiokouevn)

6° 510 KUKAWHA TOU TTapOKATW OXNUATOS BPEiTE TNV 10XU TTOU KATAVOAWVETAI
otnv avtiotaon Twv 10(Q), xpnoipomoiwvtag TN M.K.
(P(mo) =1,1W)

50

2A 10 10Q 4A 50

7° 510 KUKAwMQA TOU TTAPAKATW OXNMaToC Bpeite TV Tédon V, XpNOIJOTIOIWVTAG
™ M.K. ka1 oTn ouvéxela Tnv 10U TNG TTYRS Twv 30V.
(V= 4,286V, Py, = 34,29W mrapexduevn)

\Y,

+ -

T 20

10Q
30V 50 3A

40V

*—

o , , - ’ , -
8° =10 KUKAWpA TOU TTAPAKATW CXAKOTOC BPEITE TV I0XU TNC €EAPTNUEVNS TIN-

yNG 1d0Ng, xpnoiyotroiwvTtag Tn M.K. (arroppopd 1346,68 W)
5Q 10Q
[
4Q
500V 100Q | 50Q
i 18,81,

9° S10 KUKAWWA TOU TIAPAKATW TXAKATOS PPEITE TNV TAON V, XPNOIUOTIOIVTAS
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™ M.K. ka1 0Tn ouvéxeia Tnv 100 TNG TTyNAS Twv 100 V.
(V. =80V, P, = 2000W armmodidouevn)

.
100V 10Q 50

l'x 51

10° 510 KUKAWPA TOU TTOPAKATW OXAPATOG BPEiTE TO 1I00dUVapo Katd Thevenin
ka1 Norton KUKAwpa. (R, =20Q, V;;, =55V, I, =2,75A)

20Q 50

[ LA
B

30Q
1A 10Q

20V 40V

| |

11° 1o kUKAWWA TOU TIAPAKAETW OXAHATOC BPEiTe TO I008UVap0 katd Thevenin
kal Norton KUKAwua.

(R, = 2,430, V;, =562,17V, I, = 21,428A)

2V, 0
50
o —0 0—+
A B
100V 40
|
v, 20V
+ - |

4Q
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12° Na utrohoyioBei n 10XUC 0T HN YPOUIKY QvTioTAoN TOU TTapaKATw Ku-
KAWWMATOG, TNG OTTOIAG N XOPAKTNPIOTIKA KAUTTUAN divetal oto dItTAavo

oxnuoa. (5,0 uw)
B6KQ
|
4KQ
|
12V R
3KQ
| A\
oV V)
|
5KQ

13° 510 KUKAwPA TOU TTaPakATw oxnuatog Bpeite Tnv avriotaon R, yia péyi-
oTn 10U KaBwg e1Tiong Kai TN JéyioTn 10XU.
(R, =20Q, P, =312,5 mW)

150
L |
|
2A 50 10V
ae 200
RL
B¢




150 ¢ KEDAAAIO 4

14° 10 KUKAWNA TOU TIAPOKATW OXAHATOC BPEITE TV TGoN V,, XPNOIKOTIOI-

VTOG TO Bewpnpa eTTAAANAIaG. (V,=10V)
8A
40
20 +
| Vi =60 6A
16V _
|

15° 510 KUKAWPA TOU TTAPOKATW OXAUATOG Bpeite TNV Tdon V, Kal To pelua o,

epapudélovTag TNV apxn TnG eTTaAAnAiag. (Vo=12V, I,=4A)
AV,
30
[ v
+
10
Vx = 20 | SV
- 2A |
I 9

16° 1o KUKAWHQ TOU TTAPAKATW GXAMATOG BPEITE TNV IOXU TTOU KATAVAAWVE-
Tal o€ KABe avTioTaon.

(avrioraoeic Twv 5(Q) : 500W, avriordoeis twv 3(Q): 300W

o€ 0Agg TIC GAAeC n 10X U¢ givar 0 W)

20Q
5Q 40 5Q
80V 3Q 30 80V
{ 10Q
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o , Ve P ’ , ,
17° 510 KUKAWPQA TOU TTApaKATW OXAMOTOS PPEITE TNV 1I0XU TTOU KATAVAAWVE-

TOI 0€ KGBe avrioTaon. (P100) = 1000W, P50 = 500W, P o) = OW)
10Q
5Q 5Q
50V 6Q 50V

18° 510 KUKAWUA TOU TTAPAKATW OXAHATOG BPEITE I0XU TTOU KATAVOADVETAI O€
KGBe avTioTaon.
(Prioq) = 360W, R z00) = 193,44W, Risq, op) = 285,01W, P 5 5y = 98,57W)

10Q

50 50

100V 20Q 40V

*——







KE®DAAAIO

2 HMATA KAl
XAPAKTHPIZTIKA TOoYZ

Eicaywyn

Ta nAeKTPOAOYIKA Kal NAEKTPOVIKA KUKAwuata dev 1popodorouvral [I6vo UE
OUVEXEIC Kal eVaAQOTOOGUEVES TATEIS 1) OUVEXH KAl EvaAAaooduEva peduara
aAAa e TA0EIS Kal PEUMATA, YEVIKOTEQO ONUATa, Ta orroia £Xouv dIa@oPETIKN
uop@n. Térola onuara xpnaoiuorroiouvral T.x OTh TNAEOPACn OTO KUKAwUA
oapwaong, oTa WNPIaKa KUKAwuara Xpoviouou, oTa KUKAWUATa aurouari-
ouou. evika ta onuara meplypaeovral avaAutika OnA. Ue 1y xpHRon cuvap-
THOEWYV TOU XPOVOU 1 UE TN XPNon diaypauudTwy o€ GUVAPTNON UE TO XP0-
VO, 1} E TN XPHON BACIKWY XAPAKTNPICTIKWY OTTWS N HEON TIUR, N EVEPYOS
TIUR, TO TTAGTOC, N TIUN ATTO KOPUQLH O KOPUQ.

2KOTTOC TOU KeQaAdiou gival n karavonon 1ng mepIypagns Kai xprong rwv
ONUATWY TTOU OUVHBWS XPNOILOTTOIOUVTAlI TOOO OTA aVAAOYIKG 000 Kal OTa
Aoyikd KukAwpara.
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5-1. Opiopoi - Karnyopieg onparwv

Q 2Apa ovopddetal n Tadon A N éviaon Tou PEUPATOG TTOU PETABAAAETOI WG
ouvapTnaon Tou XpoOvou.

Ta oRuarta PTTopE va gival Qopeig evépyeiag oTTOTE £€XOUV TTPOOPICHO TNV
TPOPOSATNON KATAVAAWTWV NAEKTPIKNAG EVEPYEIQG 1 va gival QopEig TTANpoPopi-
ag, OTTWG TT.X T TNAETTIKOIVWVIAKA CAUATA.

Ta oApaTa TagivououvTal he Baon:

a) Ta oTOIXEiO TOU OHMATOG

Ta ofuata dIaKPivOVTal C€ QITIOKEATIKA KAl O€ OTATIOTIKA.

Q AITIoOKPATIKA OovOouAdovTal Ta CAPATA TTOU TTEPIYPAPOVTAl aTTO OPICHUEVO
QPIBUO TTAPAUETPWV.

MNa mapddeypa pia evaAAacoouevn Tédon gival aimlokpatikd ohua.

Q ZTaTIoTIKG ovouddovTal T CHPOTA TTOU £X0UV TUXaIa TIPF O€ KABE XPOVIKNA
OTIYUA.

MNa mapdaderyua o B6puPog eival oTaTIOTIKO CHUA.

B) Mepikég BaoikéG HABNMATIKEG IB1OTNTEG OTTWG:
[) Houvéxeia
Ta orjuarta dloKpivovTal € avaAoyiKa Kal wneiakda.

Q Avaloyikd ovopdlovtal Ta CAUATA TTOU €ival OUVEXEIG OUVAPTHOEIG TOU
Xpovou.

210 oxAua 5-1 @aiveral 1o diIdypaupa evog avaAoyikou CARUAToG.

Zynua 5.1. Avadoyiké ofua
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Q Wneiakd ovoudletal TO GO TTOU £XEI DIOKPITES TIMEG.

210 dIdypaupa 5-2 @aivetal éva ynelako onua.

2xnua 5.2. Yneiakéd onua

II) H ouppetpia
Ta oAuaTa dloKpivovTal 0€ GpTia Kal TTEQITTA.

Q ApTtia ovouadovTal Ta CAPOTA YIa Ta OTToia Io0XUEI N oXEon:
f(t)=f(-t) yia kabe t.

210 oXAua 5-3 eaiveTtal To diIdypaupa evOg apTiou CHPATOG.

F(t)

(0,0 t

2ynua 5.3. Aprio onua
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Q Mepittd ovopddlovTal Ta CHPATA YIO TA OTToIO IOXUEI N OXEON:
f(t)=-f(-t) yia kaO¢ t.

210 oXAua 5.4 @aivetal T0 dIAYPAPUA VOGS TTEPITTOU GAUATOG.

F(t)

(0,0) t \

Zxnua 5.4. MNepirté onua

III) H repiodikoTnTa

Q Meplodika ovoudldovTal Ta CrUATA YIA Ta OTToid IOXUEl N OXEoN:
f(t+nT)=f(t) yia k&6¢ t, 6TTOU N aKEépaIog.

H mmapduetpog T ovopdadeTal TTePiodog.
210 oXAua 5.5 @aivetal To dIAYPAPUA VOGS TTEPIOdIKOU OfHATOG.

F(t)

Ja Va
Y Y 0,0) 7 v

2xnua 5.5. lNepiodiké onua
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5-2. Meprypapn onparwyv

H 1Teplypagn evog onuatog PITTopEi va ival mAnpng A UEPIKN.

H TTAApNg TTEPIypa®r} TOU OrUATOG TTPAYUATOTTOIEITAL:

° AvaAuTikd, dnAadr pe paBnPaTIKEG CUVOPTAOEIG, O OTTOIEG £XOUV WG aVE-
&apTNTN METABANTA TO Xpovo. MNa TTapddeiyua n ouvdptnon V=220nu(314t)
TEPIYPAPEI HIa EVOANDCTOEVN TAON.

* [pagikd, dnAadn pe diaypduuara o€ ouvdapTnon PE TO XPOVOo. 210 oxXAua
5-6 @aiveTal To dIAypAPUA EVOG CAPATOG.

* Mg TTivakeg TIMWYV, dnAadN TTIVOKEG TTOU VIO OPICHEVEC XPOVIKEG OTIVUEG
divouv Tn Tiun Tou ofRuatog. O Tivakag 5-1 Tepiypd@el €va onua.

F(t)

Zxnua 5.6. MNepiypapn onuarog ue  xpnon diaypduuarog

t(s) I

(mA)
0,67
0,87
0,42
0,56
0,38

Al WIN| -~

Mivakag 5.1
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Q Mepikn TTeEPIYypa®r OAUATOC OVOPACZeTal N TTEPIyPAPr) EVOC CHPATOG UE
BAon opICUEVEG XOPOAKTNPIOTIKEG TIMEG OI OTTOIEG TTAPEXOUV TTAAPWG TIG £TTIOU-
MNTEG TTANPOPOPIEG.

5-3. XapaKTNPIOTIKEG TIHES ONHATWYV

O1 oTToudaIGTEPEG XOAPAKTNPIOTIKESG TIMEG YIO TN PEPIKA TTEQIYPAPH gival:

a) H péon iy onuarog

Q Méon TINA YneIoKou CruaTog ovoudZeTal TO TTHAIKO Tou aB8poiopaTog Twv
TIMWYV TOU YN@IOKOU OAUATOG TTPOG TO TTARB0G TOoug.

S (k)
fav = —k=1n (51)

MNa apadelypya N H€ON TIYR TOU CRPATOG TTOU QaiveTal 0TO oXfua 5-7 utro-
Aoyicetau:

F(t)

(0,0 t

Zxnua 5.7. YmoAoyioudg uéong Tiung wneiakou onuarog

f _2+2,6+1,5+3+4+1_14 _

N =233
6 6

Q Méon Tiun TTePIOdIKOU ORuaTog ovouddeTtal To TTNAIKo Tou guBadou Tou
ONMAaTOG yIa Pia TTEPIOdO0 TTPOG TNV TTEPIODO.
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f o= EpBadov onuatogylapiaepiodo

o = (5.2)

Mpétrel va onueiwbei, 611 T0 euPBaddv Tou PEPOUG TOU CAUATOG TTOU Eival
Tavw atrd Tov dfova t Aapaveral ye BeTIKO TTPOCNUO, VW TO EURAdOV ToU -
pPOUG TToU gival KATW aTrd Tov GEova t AapBaveral ye apvnTikd TTPOCNHO.

F(t)

>xnua 5.8. YmoAoyioudg uéong Tiung mepIodIkoUu ONUaTog

MNa mapddeiypa N y€on TIUR TOu CHPATOG TTOU @aiveTal 0To oxnua 5-8 utro-
AoyiCeTau:

B) Evepyog Tipry onparog

Q Evepydg TP onuartog (évraong f Taong) ovouadeTal To UTTOBETIKO ouve-
X€G onua (évraon r 1éon), To otroio éTav TPOYOdOTEI TOV iBI0 AVTIOTATN TTOU
TPO@OdOTEI TO oA £TTi TOV iBI0 XPOVO £XElI WG CUVETTEIA O AVTIOTATNG VA KATA-
vaAwvel 1o id1o TTo06 BepUOTNTAG.

H evepyodg Tiun onpatog f oupfoAideTal wg T
y) MA&Tog onpatog
Q MAGTOC CAPATOG OVOUACZETAl N MEYIOTN BETIKA TIUR TOU OrUaTOC.

210 oXAua 5-9 onueiwveTal To TTAATOG TTEPIOBIKOU OUATOG.
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F(t)

Zxnua 5.9. lNAdrog onuarog

To mAdTog orpartog f oupBoAideTal wg ..
0) Tiur oRUATOg aTTd KOPUPR OE KOPUPH).

Q H 1y ofparog atmmd Kopuer o€ Kopuen €ival ion Pe Tn dlagopd TG PEYI-
0TNG BETIKAG TOU OAUATOG Kal TNG EAAXIOTNG ApVNTIKAG TIWAG TOU OAUATOG.

F(t)

p-p

(0,0) A\

Zxnua 5.10. Tiun oAuarog amrd Kopuen & Kopuen

210 OXAHa 5-10 onueIWVETAl N TIUA TOU CAPATOG ATTO KOPUPH o€ Kopuer). H
aTr6 o€ KOPUP Ot KOpUYN Tiur| orjuatog f oupBoAieTal wg f .
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5-4. XapaKTNPIOTIKA CHHATA
a) Apgovika orfuata
Q Apuovikd ovoudadovTal Ta NPITOVOEIDN KAl Ta GUVNUITOVOEID OAMOTA.

H péon Ty Twv aphoVvIKWY onUaTwy gival undév. Méon Tiun undév £xouv
OAa Ta cAMATA TTOU €ival CUMHETPIKA WG TTPOG Tov dgova Tou Xpovou t.
H evepydg TIUR apuovikoU ofiuartog divetal atrd Tn oxEon:

210 oXAua 5-11 @aiveral éva apuoVvIKO Orua.

F(t)

(0,0) t

2xnua 5.11. Apuoviké onfua

B) OcTIKOi TETPAYWVIKOI TTAAWOI
270 oXNua 5-12 gaiveral 10 SIAYPAPMA BETIKWYV TETPAYWVIKWY TTAAUWV.

F(t)
A

(0,0)

N

Zxnua 5.12. Octikoi TeTpdywvor aAuoi



162 ¢ KEDANAIO 5

H péon Tiun Tou onfpaTog UTTOAOYICETAl WG EENG:

T
. ) A
f= Eupaddv or]uon?g yia pia Tepiodo —f = -|-2 N

f =

av

N>

H evepydg Tiun uttoAoyileTal wg €ENG:

Xwpic va kataoTpatnynOei n yeviIKOTNTA UTTOTEBETOUE TTWG TO OAUA CUVIOTO-
Tal atrd TTaApoUg évraong peupaTos. To Toad TnG BepudTnTag Q TTOU KATAVOAW-
veTal a1rd avTioTdTtn R, o otroiog diappéeTtal atrd 1o ofua o€ xpoévo T eival:

Q= AZRg (1) H oxéon autn 1oxuel yiati oto didotnua 0 <t < ; TO Ofpa
gival ouvexEg, v oTo dIGOTNUA g <t<T, Q=0

2UPQWVa Pe Tov oplopd TNG evepyou TIUAG:

Q=f2 RT (2)
ATTO TiIg oxéoelg (1) Kai (2) émeTat:
2
frfnsIQT = A2RI = frfns = A_ =
2 2
frms = A
V2

y) TeTpaywvVIKoi TTAAPOI CUPMETPIKOI WG TTPOG TOV Agova t.
2710 oxnua 5-13 @aivovtal TETPAYWVIKOI TTAAPOI CUPMETPIKOI WG TTPOG TOV
agova Twv Xpovwv.
F(t)

A

B
-

(0,0) T

Zxnua 5.13. TeTpaywvikoi TaAuoi cUulUETPIKOI ws TTPOC t
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H péon Tiun Tou ofpaTog gival pndév, agou ival CUPPETPIKO WG TTPOG t.
H evepyOg TR Tou GPaTog uttoAoyideTal:

Av 10 onfpa BewpnBei évraon pelaTog, TOTE TO TTOCO BEPUATNTAG TTOU KATO-
vaAwveTal aTTd avTioTdTn R, TTou TpogodoTteital amd 1o oAua, yia xpoévo T eivai:

Q=Q,+Q,
T T
Q =AR— 0<t<— (1)
! 2 -T2
Q2=A2RI Igt T
2 2

otmou Q, n BeppdTNTA TTOU KaTAVAAWVETAI ATTO TNV R 0TNn pia nuitrepiodo kai Q,
n BeppoTNTA TTOU KaTavaAWvETal aTTd TNV R 0TnV dAAN nuittepiodo. ATré Tnv (1)
ErmeTal;

Q= A2RI + A2RI = A’RT (2)
2 2
AAN\G a1mé TOV 0pICKO TNG evepyoU TIPAG ETTETAL:
Q=f2 RT (3)
ATIO TIG o)éoelg (2) kai (3) ETTeTal:

f2 RT = ART =

frms = A

0) TpiywVikdG TTAAUOG
270 oXNua 5-14 @aiveral 1o dIAYPAPHUA TPIYWVIKOU TTAAUOU.

F(t)

t
(0,0) T

Zxnua 5.14. Aidypauua 1oiywvikou TaAuou
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H péon Ty Tou TTAAUOU givai:
f o= Eupaddv onuarog yia pia mepiodo
av T

Badodv Tpiywvou Pe TTAeupd T kai Uwog A. ETTopévwg:

, TO EMPadov Tou TTaApoU gival To u-

—AT
f, = 2__
T
f, = 1A
2
H evepyog TiuA gival:
= A
rms \/5

€) MaAuog ocdpwong
210 oxAua 5.15 @aiveral To dIGypapa BewpnTIKOU OAUATOS OAPWONG.

‘ t

F(t)

A

(0,0) T 2T

Zxnua 5.15. Aigypauua onuaro¢ adpwaons

H péon Ty Tou onpaTog uttoAoyieTal atrd TN oxéon:
£ o= Eupaddv onuarog yia yia mepiodo
av T

Baddv Tpiywvou e Baon T kal Owog A. ETTopévwg:

, TO euBaddv Tou CAPOTOG eival Y-

Q

<
N =

_|

g

N -
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H evepyOg TIun Tou onparTog sivai:

f
rms \/§
oT) HuiavopBwpuévo nuitovoeidég oAua:
210 OoXNua 5-16 @aiveral 1o dIGypappa NUIavopBwuévou NUITOVOEIBOUG ON-
HaTOG.

f(t)

(0,0 - T 3L 2T

Zxnua 5.16. To diaypauua nuIavopBwuEVoU NUITOVOEIOOUS GrUATOC

H péon Tiun Tou onpatog divetal atrd TN oxéon:

fav = A
m
H evepydg Tipn divetal atrd Tn oxéon:
frms = A
2

Q) MANpwg avopBwuévo NUITOVOEIDEG ONUA:

210 OoXAPa 5-1 7 @aivetal 10 didypappa TTARPWS avopBwuévou NUITOVOEI-
doug onuaTog.
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f(t)

(0,0)] T 2T

Zxnpa 5.17. To didypauua mARPpws avopbwuévou NUITOVOEIOOUS ONUAToS

H péon iy Tou TTARpwS avopBbwuévou OruaTog ival:

H evepyog TiuA eivai;

5-5. Eqpappoy€g

Epappoyn 1n

MNa 1o orjpa TTOU QaiveTal GTO OXMKA, VA UTTOAOYIGTOUV:
a) H yéon iyl
B) H evepydg Tipn.

(0,0)

-l>|—|

IR
w

e
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Auon
a) H yéon miyA opiletal wg:

fo= €MPBadOV ONPATOG yIa Pia TTEPiIodo

av T
To guPadov Tou BeTIKOU PEPOG TOU ONUATOC €ival:
T
S, =1— 2
=1y 2)
To guPadOv Tou apvnTIKOU PHEPOUG TOU ONUATOG gival:
3T
S,=2.— 3
2725 3)
ATIO TiIg oxéoelg (1) (2) kal (3) TTPOKUTITEL:
11537
=4 4 - 5-.125
T

B) To onua ptropei va BewpnBei wg évraon. MNa 1o didotTnua 0 <t < } N TIPA
TOU GAMOTOG £XEl OTABEPN TIUN, ETTOPEVWG TO TTOGOV BEPUOTNTAG TTOU KATAAWVE-

Tal até avriotaon R 0’ autd 10 Xpoviko didaTnua Ba eivai:
Q =PRI =1rRL (4)
4 4

Oupola 10 TTO0GV BepUdTNTAG OTO JIACTNUG % <t <T 8Ba ¢ivai:

Q, =2?R3T =3RT (5)
4

Etmropévwg 10 0AIKG TT000 BepudTnTag Ba givai:

Q=q,+Q, 2%, =Rl ,3r7 q=13RT (6)
4 4
AT1Té TOoV OpIOHOG TNG EVEPYOU TIUNG TTPOKUTTTEL:
Q=" RT (7)
ATTO TIG OX€oelg (6) kai (7) émreTal:

fRT—ERT fo=
4

rms

l\)ﬁ
w
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Epappoyn 2n

Na utroAoyioTei n yéon TiPA TOU OrPATOG.

F
5
/ t
0,0) I T
Auon

H péon Ty onuarog opidetal wg

f o= eMBadoév onpaTog yia pia mepiodo
av T

(1)

To guPaddv Tou orjpaTog yia 0 <t < ; gival: To euPadov Tpiywvou pe Bdaon
T . .
3 Kal Uyog 5 dpa:

T

vy (2)

N
)]
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Epappoyn 3n

Na utroAoyioToUV:
a) H pyéon miun.
B) H evepydg TIPN TOU GAPATOG TTOU PAivETAl OTO GXAUA.

F
10
t
(0,0 I T
2
Auon
a) H pyéon 1iun Tou BeTIKOU TETPpAywVIKOU TTaAuoU diveTal atrd Tn oxeon:
f,= A =f, =5
2

B) H evepydg TiuA Tou BETIKOU TETPAYWVIKOU TTOAPOU diveTal attd Tn oxéon:

f

A 10
=—==f =—=7,07
rms \/E rms \/E

Epappoyn 4n

MNa Tov TPIYWVIKO TTAAUO TOU OXANATOG, VA UTTOAOYIOTOUV
a) H yéon niun
B) H evepyog TiuR
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Auon
F
) A
t
=
(0.0) I T 3T 2T

Epappoyn 5n

Na uttoAoyioBei n péon TIPM Kal N evepyoOg TIPA, TOU NUIGVOPBWUEVOU NUITO-
VIKOU OTjHATOG TOU TTAPAKATW OXUATOG.

F
3
/\ |
(0,0) I T
2
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Auon
a) H péon iy divetan atrd Tn oxéon
fav = A = fav = g
m m

5-6. MpofAnpara mpog AUon

o p . P . P
1° Na o ofua odpwaong TTou @aivetal oto oxrpa. Na uttoAoyicBouv:
a) H pyéon niun
B) H evepyog miun

F(t)

’ ‘ ‘ (1,5,3)
t

(0,0)

2° Na utrohoyioBouv:
a) H péon iyl
B) H evepyog Tiun
y) To 1TAdTog
Na 70 OAMA TTOU QAivETAl OTO OXMUA.

F

ol & V2,2
T

(0,0)
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3° Moia givai n péon TP Ko Tola gival n evepydC TIWFA TOU ORPATOS TTOU Qaive-

Tal 0TO OXAMQ;

F

4
0,5/2)

(0,0)

|~

) . . . P ; . .
4° Na utrohoyIoBei n uéon Tiur Tou GRPATOS TTOU PAIVETAI OTO OXAKA:

F
2 A (0,25)
1 1 t
(0,0) } % 3} T
o P p p p . ..
5° nato OXAMa OfPa Tou OXAPATOG va UTTOAOYIoBEi N péan Tiun:
F
2
t (-0, 5)
(0,0) 7 T ’
-2
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Eicaywyn

27 autoé 10 KEQPAAQIO eAETATal n aAAnAemidpacn Twv Layvniwy, Teplypape-
TQl TO Hayvnriko 1Tedio Tou dnuIoupyeEiTal yUpw arro PEUMATOPOPOUS ayw-
youUs kai n aAAnAemidpacon pertaél peuparopopwy aywywyv. Emiong eényeirai
yiati opiouéva UAIKG TTapouciAlouV LIayVNTIKES IOIOTNTES.

2KOTTOC TOU KE@aAdiou aurou &ival N Karavoenon Twv Uayvnrikwy Tediwv
TTOU ONUIOUPYOUVTAl ATTO PEULIATOPOPOUS aywyoug, ToU TPOTTOU UayvhNTIONS
TWV UAIKWV Kal ThS aAAnAstTidpacns uayvntikoU 1mediou Ue KivoUueva nAe-
KTPIKA QopTia.
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6-1. Mayvnreg

Opliopéva opukTd 0geidiwv Tou 018 pou (Fe,O,) £xouv TNV 1I8IGTNTA VA EAKOUV
piviopata o1dApou. Ta UAIKG auTd apxikd avakaAugBnkav otn Mayvnoia g M.
Aaciag kal yI' autd ovouaoTNKaAv uayvATeg o1 O I010TNTEG TOUG PAYVNTIKEG 1010-
TNTEG.

Otav évag paBdouopeog uayvATng BubioTei o€ piviopaTa aidripou TTPOCKOA-
AouvTtal ¢’ auTtév piviopata. Ta piviopaTa CuykevTpwvovTal oTa dU0 AKpa Tou
MayvATN TToU ovOMA&ovTal LayvnTikoi TOAoI, eV OTO PWECO TOU WAyvATh, TTOU
ovopadetal oudérepn {wvn dgv TTAPATNPEITAI TTPOCOKOAANGCH PIVIOPATWY. ‘Evag
eANaQPUG paBdSPOPPOG PayvhTNG ovouddeTal Kal payvntikn BeAdvn. ‘Exel Ta-
paTnPENOei TTWG pIa payvnTikKA BEAGVN, TToU gival eEapTnuévn atro VKA, TTAIpVEl
TTavTote oTabepn d1EUBUVON WOTE TO £va AKPO TNG va OEiXVEI KOVTA OTO YEWYPA-
@IKO Bopelo TTOA0 TG yng, vy To GAAO KOoVTa 01O NOTIO yewypaPikd TTOAO TNG
yne.

MeTagl U0 payvnTwy ackouvTal SUVANEIS Kal MAAICTA O OPWYUNOI TTOAOI
amwBouvTal, VW Ol ETEPWVUNOI EAKOVTAL.

O1wg atmodeixTnke TTEIpauaTiké, ol SUVAUEIG PE TIG OTToiEG AAANAeTISpoUV
OUO0 payvnTIKoi TTOAOI €X0UV:

a) METpo: AvTIoTPOPWG avAAOYO TTPOG TO TETPAYWVO TNG ATTOCTACHG TOUG.

B) AietBuvon: Tnv uBgia TToU opideTal aTTd TOUg dUO TTOAOUG.

MapdTI 01 HayvNTIKEG OQUVANEIG €XOUV TTOAAEC OPOIOTNTEG ME TIG NAEKTPIKES
OUVAEIG, EVTOUTOIG TTAPOUCIAlOUV JIa GNUAvTIKN dla@opd. To BeTIKO nAeKTPI-
KO @opTio YTTopEi va dlaxwpIoTel atmmd To apvnTIKO, EVW Ol HayvnTIKOi TTOAOI
dev YtTopouv va diaxwplotolv. Ooeg popég Kal av TUNBEi Evag paBdouoppog
MayvATNG TTAVTOTE OTA AKPA TOU gu@avifovtal dUO €TEPWVUHOI TTOAOI dnA. ol
payvnTikoi TTOAOI TravToTe g@avifovral Katd ¢euyn. OAeg ol TTpooTTéBEIEG,
TTOU €yivav PEXPI OAMEPA YIa Va aTTodovwBei payvnTikd "yovotroho" atréTu-
XOV.

AClo TTpocoxnG eival, 6Tl évag payvhTNG aAANAETTIOPA Kal PE KIVOUPEVA NAE-
KTPIKA QOopPTid, OTTWG EUKOAA DIATTICTWVETAI OTTO TNV EKTPOTTA NAEKTPIKWY QOPTI-
wv, Ta oTToia dIEpYovTal aTTd onueia Tou BpiokovTal KovTé o€ HayvATEG.

MayvnTIkEG 1810TNTEG TTAPOUCIAOUV KAl O PEUPATOPOPOI AyWwYOoi, Ol OTToiOI
AoKOUV BUVAEIG O€ PUOIKOUG HAYVATEG.
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6-2. MayvnTiko mredio

Kd&Be payvATng déxeTal Tnv mmidpacn duvaung av eupebei o€ KATTOI0 onpEio
TOU XWPOU YUpw atTd €vav GAAO payvhTn 1 pEVMATOPOPO aywyod. AUvaun €TTi-
ONG QOKEITal KAl 0€ OTTOI0OATIOTE POPTIO KIVEITOI O€ onueia Ta oTroia BpiokovTal
O€ TTEPIOYXEG TOU XWPOU TTOU UTTAPYXOUV HAYVATEG | peudaTopopol aywyoi. Ol
TTEPIOXEG TOU XWPOU ME TIC TTAPATTAVW 1010TATEG ovopadlovTal payvnTiKG TTedia.
AnAadn:

Q Mayvntikd 1Tedio ovopadeTal KABE TTEPIOX) TOU XWPOU £POCOV, AOKEITAl
duvaun o€ KABe payvATn 1 KIVOUUEVO NAEKTPIKO QOPTIO, TO OTToio Ba BpiokeTal
O€ OTTOI0BNATTOTE ONUEIO TNG.

6-3. Evraon payvnrikou mediou

O1rwg 10 NAekTPIKS TTEdIO £TOT KA TO PHAyVNTIKG TTEDIO TTEPIYPAPETAI WE TN BO-
NBela evog diavuopaTtikol peyéBoug, dnAadn Tnv évraon payvntikou rediou. H
EvTaon JayvnTikou TTediou o€ éva anueio Tou TTEPIYPAPEl TO TTOCO 1Io0XUPO Eival
TO TT€0I0 OTO CUYKEKPIYEVO ONMEIO KABWG Kal Ta XAPAKTNEIOTIKA TNG dUVAUNG,
N otroia Ba aoknBei o€ KATTOI0 PayVvATN A KIVOUUEVO NAEKTPIKO POPTIO, TO OTTOIO0
Ba Bpeb¢ei oTO ONEio.

MNa Tov opIoPO TNG €VTOONG XPNOIUOTTOIEITAI WG UTTOBEPA KIVOUUEVO NAEKTPI-
KO @opTio epdOoOoV OeV UTTOPEI va XPNOIWOTTOINBEI JayvATNG, a®ou PayvnTiko
"HovATTOAQ" eV €xel ATTOPOVWOED. 'Exel atTodeIXTEl TTEIpapaTiké, TTwg n duvaun,
N OTToia ACKEITAI O€ CWHATIOI0 e NAEKTPIKO POPTIO TTOU KIVEITAI O€ PayvnTIKO
edio, £Xel Ta akdAouBa XapakTNPIOTIKA:

1. To péTpo TNG dUvVANNG €ival avAAoyo TOU QOPTiOU g Kal TOU PETPOU TNG
TaxUuTnTag Tou cwpatidiou. E€aptaral emTiong atrd 1 dielBuvon Tng TayU-
TNTAG.

2. Ymépxel pia dievBuvon Tng TaxutnTag Tou cwiaTidiou KAtd Tnv oTToia n
HayvnTikr duvapn gival undév.

3. MNa pia &AAn d1eBuvon Tng TaXUTNTAG TOU CWHATIBIOU, N oTToia gival K&Be-
TN OTNV TTPONYOUEVN, TO HETPO TNG DUVANNG TTAipVEl TN PEYIOTN TIMN TOU
Kail diveTal atrd Tn oxéon:

Frax =BUQ (6.1)
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OT1r0u U TO PETPO TNG TaXUTNTAG TOU CWUATIBIOU, q TO QopTio Tou Kal B o ou-
VTEAEOTNG avaAoyiag.

4. H duvapn cival rdvToTe KABETN oTnV TaXUTNTA.

5. H d0vapn, Tou acokeital og BeTIkG @opTio, gival iocou peyEBoug Kal avTiBeTn

atrd TN dUvVaUn TTOU AOKEITAI O€ ApvNTIKO QOPTIO TO OTTOIO £XEl idla TaxUTNTA.

Me Bdon ta TTapatmmdvw n évraon payvnTikoU TTediou o€ anpeio A Tou Trediou
opieTal wg €EAG:

270 anueio A BAAeTal cwuaTidlo, TTOU PEPEI BETIKO POPTIO g, e TaxuTnNTa N
oTroia €xel KABe popd To 010 PETPO aAAG diagopeTikA dielBuvan. H éviaon Tou
payvnTikoU 1Tediou 010 A, éxel dieuBuvon Tn digvBuvon Tng TaxuTnTog yia TNV
oT1Toia N dUvaun TTOU OOKEITal 0TO cwHAaTIdIo gival undév. Popd TETOIA WOTE, N
KateuBuvon NG PEyioTng duvapung, n Kateubuvon Tng £viaong Tou PayvnTiKou
mediou Kal N kKaTelBuUvoN NG TaxUTNTAG yia Tnv oTToia n duvaun eival Péyiotn
va atroTeAoUV Be€I00TPOPOo auaTnPa agdvwy. MéTpo TTou divetal atrd Tn oxéon:

F
B =-ma (6.2)
uq
Q H duvapun TTou aoKeiTal o€ KIVOUUEVO QOPTio JEoa o€ payvnTik TTedio ovo-
MadeTal kal duvaun Lorentz.

H &0vaun Lorentz cival rdvtote KABETN oTNV TAXUTNTA KAI TNV €VTACT TOU
MayvnTIKoU TTediou. TN YEVIKN TTEQITITWGN, TToU N TaxUuTnTa Tou cwuaTidiou
oxnuaTiCel ywvia 8 ye Tnv évraon Tou yayvnTikou Trediou, To HETPO TNG OUVAUNG
Lorentz &ivetal atrd tn oxéon:

F=Buq:nub (6.3)

F

Zxnua 6.1. H d0vaun Lorentz g€ KIvoUuEVO QOPTIONEVO CWUATIO
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H ¢@opd ¢ duvaung Lorentz ival T€T010, WOTE N KATELBUVON TNG dUVANNG,
n kateuBuvon TNG £€VTaONG TOU PayvnTiKoU TTediou Kal n kateuBuvon Tng Taxu-
TNTAG (av TO QopTio €ival BeTIKO) i N avTiBeTn KATELBUVON (av TO POpPTIO gival
apvnTIKO), va atroTeAoUV Se§I60TPOPO CUCTNUA AOVWV.

H povdada mng évraong payvnTikou tediou oto S.1 gival To 1 Tesla (1T). O
opIouoOG Tou Tesla, Ba dob¢i o€ eTTOPEVN TTAPAYPAPO.

6-4. AuVaUIKEG YPAUHES HAYVNTIKOU TIESIOU

O1wg 070 NAEKTPIKG TTEdIO, £TOI KAI OTO PAYVNTIKO N €TTOTITEIQ UTTOBONBEITAI
ME TN XPHoN TwV SUVOUIKWY YPONHWY.

Q Auvapikn ypaupn gayvnTikoU 1rediou OVOPACETal N VvoNTr) YPOUMH TTOU O€
KABe onueio TNG N £€vTacon TOU PayvnTIKOU TTEdIOU Eival EQATITOMEVN.

O1 duvapikég ypaupég dev TEPVOVTAL, N OPA TOUG CUUTTITITEI UE TNV QOPA TNG

€VTaOoNG TOU PayvnTikou TTediou Kal n TTUKVOTNTA Toug gival avaAoyn pe 10 TT600
IOXUPO gival To TTEDIO OTN CUYKEKPIPEVN TTEPIOXN

\\

T

Zxnua 6.2. Auvauikéc ypauués uayvntikou mediou

6-5. Opoyevég payvnTiIKO medio

210 payvnTika Tedia, n évraon eival d1a@opeTiKr (Katd dictBuvorn, @opd Kal
METPO) atrd onueio o€ onueio. YTapxouv Opwg payvnTtikd media, oTa oTroia n
évraon cival n idla og kKGBe onueio Toug, Ta TTEdia auTtd ovoudaldovTal opoyevn
uayvnrika media.

Meipapatikd, opoyeveS payvnTiko eSO dNUIOUPYEITAI GTO ECWTEPIKO PEUNA-
TOPOPOU CwANVoEIdoUg (o). 6.6)
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6-6. MayvnTiko mmedio euOUYPANHOU PEUHATOPOPOU
aywyou arneipou HRKouUg

‘Evag euBUypapog pEUPATOPOPOG aywyog Bewpeital atreipou PrRKoug, otav
n amoéoTaon r onueiou A, 01O OTToI0 TTPOKEITAI VO TTPOCdIoPIcOEi N éviaon Tou
payvnTikoU Trediou, gival acAPavTn o€ aX£0N WE TO AKOG TOU aywyou.

O1 duvauikéS ypauués Tou TTediou £XOUV HOP@I OMOKEVTPWY KUKAWY, TTOU
TO €TTiITTEdO TOUG €ival KABETO aTOV aywyod Kal Ta KEVTPA TOUG PpiokovTal OToV
aywyo.

H évraon Tou payvnTtikoU Trediou, o€ onueio A TTou amméxel Katd r amd Tov
aywyo, Exel:

* AlgbBuvon KEBeTn oTo €TTiITTEDO, TTOU OPICETAI ATTO TOV aywyod KAl To onueio A.

* Qopd T€TOI WOTE, N £vraon Tou M.I1, n atréoTaon r Kai n @opd Tou peUUaA-
TOG va atroTeAoUV Oe€I60TPOPO CUCTNHA AOVWV.

e MéTtpo 1Tou divetal atrod Tn oxEon:

g= Fol (6.4)

étTou | n évraon Tou peUPATOG KAl I N aTTéoTACT TOU onuegiou A atrd Tov ayw-

y06. H o1aBepd p, ovopdleTal payvnTikn SIamePaTOTNTA TOU KEVOU KAl £XEI TIUN
V-S
= 41107 )
Mo = 4TT A

Zxnua 6.3. Mayvntiké medio peupuaro@opou aywyou arreEipou UikKous
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Zxnua 6.4. [Mpoodiopiouds TS Yopdas NS Eviaong Tou uayvnrikou mmediou eubuypau-
HouU peuuaropopou aywyou

6-7. MayvnTiKO TTEdio PEUHATOPOPOU KUKAIKOU aywyouU

To payvntiké 1Tedio, TTou dnIoUPYEITal ATTO £€Vav KUKAIKO PEUNATOPOPO ayw-
Yo €ival avopoloyevég. H évraon B Tou 1rediou 01O KEVTPO TOU aywyou EXEL:

e AleUBuvon kABeTn oTO €TTITTEDO TOU KUKAIKOU aywyou.

e ®opd, TNV opd ue TNV oTToia TTpoxwpdacel egI60TPOPos KoxAiag (Bida),

oTav oTpEPETAl KATA TN POPA TOU PEUUATOC.
* Métpo trou divetal atrd Tn oxéon:
B =t (6.5)
2R

otrou | n évtaon Tou pEUPATOG TTOU BIapPEEl TOV KUKAIKO aywyd kal R n akTi-

va Tou.

Zxnua 6.5. Mayvntiké medio KUKAIKOU peUUATo@O00u aywyou
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6-8. MayvnTiko redio owAnvoeidoug

‘Eva 1Tnvio Bewpeital atmeipou Prkoug étav To KOG Tou gival TTOAU JeYaAU-
TEPO ATTO TN OIGUETPO TWV OTTEIPWYV TOU.

Zxnua 6.6. Mayvnriké medio cwAnvoeidouc

270 ECWTEPIKO TTNViou aTTEIpOU PRKOUG, TTou SlappEeTal atrd pelud, TO Ho-
yvnTIKO TTEdI0 €ival OPOYEVEG. 2TO TTPAYMATIKO TTRvio, To M.I1 gival opoyevég oTa
onueia TTou Bpiokovtal o€ KATTOoIa aTTéoTACT ATTd Ta AKpPa Tou Trnviou. O1 duva-
MIKEG YPAMMEG gival TTapAAANAEG TTpOG Tov dEova Tou TThviou.

H évraon Tou payvnTikoU TTediou EXEL:

* AietBuvon TTapAdAANAN TTPog Tov agova Tou cwAnvoeidoug.

* ®opd, TNV opd TTou TTPoXwWPAEl OEEIBATPOPOG KOXAIOG, O 0TToi0g €ival To-

TTOBETNUEVOG KATA PKOG TOU AEOVA TOU OWANVOEIBOUG KAl OTPEPETAI KATA
TN @opd ToU PEUPATOG.
e MéTpo Trou divetal atrd T oxéon:

n
B =1l (6.6)

OTTOU N: APIBPOG OTTEIPWV
£ uAKog owANvoEIdoug
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N

—_—

7

Zxnua 6.7. [Mpoadiopiouds TNS QOPAs NS £VIaong Tou uayvnTiKoU TTEGIOU OTO ECWTEQI-
KO peuLaropopou owAnvoeidoug

2

H @opd Tng éviaong Tou payvnTikou TTediou PTTopEi va TTpocdIopioBEi Kal wg
29[

To &¢Ci xépl oQiyyel TO CWANVOEIBEG e TETOIO TPOTTO WOTE TA vUXIa va Ogi-
XVOUV TN @Oopd TOU PEUPATOG, O TEVTWHEVOS avTiXelpag Oeixvel TN @opd TOU Hao-
yvnTikou TTediou.

6-9. MayvnTiki pormn

KdaBe Bpoxog peupaTog, otav Bpebei péoa oe payvntiko 1edio, TTpogavaTo-
AieTtan 6TTWG €vag papdopopeog payvATng. O TPOTTOG, TTOU TTPOCAVATOAICETAI
Méoa o€ payvnTIKO TTEdI0 €évag PEUATOPOPOG PBPoXoG, kabopileTal atrd TN ya-
yvnTIKN) POTTH.

Qg payvnrikn porrn emimedou Bpdxou opileral 1o diavuouaTtiko uéyeog mou
Exel:

a) AicuBuvaon kaBern oo emTiredo Tou Bpoxou.

B) ®opd, n popd mou mpoxwpdsl 6£EI6GTPOPOS KoxAiag, mou givar KABeTog
OT0 £TTITTEAO TOU BPOXOU Kal OTPEQPETAI KATA TN OPd TOU PEUUATOC.

y) Mérpo trou diverar amré 1 oxéon:

u* = IS (6.7)

omrou | n évraon Tou peduarog Kai S 10 uBadov NS EMIPAVEIQC TTOU TTEPIKAEIETAI
arré Tov Bpoxo.
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NN
=)

S

Q) B)

Zxnua 6.8. (a) Mayvnriké medio pafdouoppou payvim. (B) Mayvnrikd medio peuuaro-
@opou Bpdxou. H ouoiétnTa givai mpopavic

‘Evag peupatopdpog Bpdxog, otav BpiokeTal péoa o€ payvntikéd medio, TTpo-
oavaToAifeTal, WOTE N JAyVNTIKR POTI va gival TTapdAANAN TTpog TNV €évTacon Tou

payvnTikoU TTediou.

Zxnua 6.9. Mayvnrikn potri peuparogpopou Bodxou

H povdda payvntiking potrg ato S.I eival To 1Am2.

6-10. MayvnTiogog Kail UAn

H atrdvTnon, oTo epuTNUA YIOTi OpICPEVA UAIKG E@AVICOUV HayvnTIKES 1016-
TNTEG EVW AAAa Bev ep@aviouv, BpioKeTal OTN SOPN TWV ATOPWYV TWV CUYKEKPI-
MEVWVY UAIKWV.

O1mtwg €xel ndn avagepOei Ta dropa atroteAodvtal amd Tov TTUpAva youpw
atrd TOV OTT0I0 TTEPIOTPEPOVTAI NAEKTPOVIA. KABE NAEKTPOVIO TTOU TTEPIOTPEPETAI
I00BUVAET PHE BPOXO NAEKTPIKOU PEUNATOG, ETTOUEVWG £XEI JayvnTIKR poTrr]. Ol
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HOyVNTIKEG POTTEG TWV NAEKTPOVIWV TTOU TTEPICTPEPOVTAI YUPW aATTO £va ATOWO,
eeIdf £xouv dIAPOPOUG TTPOCAVATOAIOUOUG, aAAnAoavaipouvTal, JE ATTOTEAE-
OMa CUVOAIKG TO ATOPO VA PNV €XEI AYVNTIKA POTTA 1) va €XEl aoruavTn.

7

Mrep

2xnua 6.10. Mayvntiky potri NAekTpoviou ASyw IBI0TTEPIOTPOPNHS

Ta nAekTpdvIa, OUWGS EKTOG ATTO TNV TTEPICTPOYIKN) Kivnon TToU €KTEAOUV
yUpw atrd ToV TTUPAVA, TTEPIOTPEPOVTAI Kal YUPpw aTTO TOV £QUTO TOUG (Spin)
NAOYW TNG idlag TTEPIOTPOPNS TO NAEKTPOVIO EXEI Wia ETITTAEOV PAyYVNTIKY POTTH.
Av 0 apIBUOG Twv NAEKTPOVIWV TOU atopou eival ApTIOG, N GUVOAIKN PayvnTIKN
POTT TWV NAEKTPOVIWV TTOU OQEIAETAI OTNV IDIOTTEPICTPOPH TOUG, €ival UNdEv,
emeIdf) o€ €va ATOPO Ol PJayVNTIKEG POTTEG TWV NAEKTPOViwv gival avd duo
avTifereg. Otav 0 apiBudg Twv nAekTpoviwv gival TepITTOG, TOTE N CUVOAIKA
HayvnTikr} potth eival didgopn Tou undevég Kal ion PE TN MayvnTIKI) POTIH TOU
HOVAPOUG NAEKTPOViOU.

H ouvoAIKr} JayvnTIKr pOTTr] €VvOG aTOOoU, £QOCOV UTTAPXE!, OPEIAETAI KUPIO
oTNV IBI0TTEPIOTPOPI] TWV NAEKTPOVIWV.

H tTapoucia opiouévwy UNKWY TTNPEACEl TRV £€VTAON TOU YayvnTIKOU TTEdi-
ou. lNa Tapddeiypa, av n €vraon Tou PuayvnTikou TTediou OTO E0WTEPIKO PEUMA-
To@6pouU ocwAnvoeidoug, sival B, étav o1o eowTePIKO UTTAPXEI KEVO , OTAV TOTTO-
BeTNBei wg TTUPAVAG KATTOIO UAIKO, TATE N éVvTAOT TOU PHayvnTIKOU TTEdiou aAAACE!
Kal Traipvel GAAn TipA B.

Q MayvnTikr dIaTTePATOTNTA VOGS UAIKOU OVOUACZeTal TO TTNAIKO TNG éviaong
TOU PayVNTIKOU TTEQIOU OTO E0WTEPIKO PEUPATOPOPOU CWANVOEIdOUG, OTAV OTO
EOWTEPIKO TOU UTTAPXEI TO UAIKO, TTPOG TNV €vTaOn TOU PayvnTIKOU TTEdioU OTO
EOWTEPIKO TOU idI0U CWANVOEIBOUG, OTAV OTO ECWTEPIKO TOU UTTAPXEI KEVO.
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B
== 6.8
M B, (6.8)

H payvntikA diatrepatdtnTa gival adidoTtato peyebog,dnAadn kabapdg «apio-
MOG».

Ta uAikd ota otmoia p>>1 ovopddovtal oIdnNpPouayvNTIKA, EKEIVA OTA
omoia u>1 mapapayvnTikd Kal eKeiva oTa otroia u<1 Srauayvnrika.

6-11. Z10npopaAyvVNTIKA UAIKA

Ta o1dnpopayvnTIKA& UAIKG TTapouaiadouV IDINITEPO evAIaQEPOV YIaTi XpNolyo-
TTOI0UVTAIl WG TTUPAVEG TTNVIWV KAl JETOOXNMOTIOTWY. ETTioNg Xpno1doTTolouvTal
yIO TNV KATAOKEUR POVidwV payvnTwy. Ta oidnpouayvnTika UAIKG atroTeAouvTal
atd droua TTou €xouv payvnTik potrA. O gayvnTIKEG POTTEG TWV ATOPWY TWV
o10NPOUAYVNTIKWY UAIKWY ATTOKTOUV TTAPONOIO TTPOCAVATOAIOUSG aKOMN Kal JE
TNV €Midpacn acBevwv €CWTEPIKWY PayvNTIKWVY TTEdiwy, Tov OTToio diatnpouv
KOl JETA TNV OTTOPAKPUVON TOU €§WTEPIKOU PayvnTIKOU TTEdiou. ZTOV TTPOCa-
VATOAIOHO TWV HOYVNTIKWV POTTWYV, TTOU TTOPAUEVEIL, OQEIAETAI N MOVIUN
MAYVATION TWV G15NPOUAYVNTIKWY UAIKWV.

2170 O18NPOMAayVNTIKA UAIKA UTTAPYXOUV TTEPIOXEG OTIG OTTOIEG Ol HAYVNTIKEG
POTTEG TWV ATOUWYV £XOUV ToV id10 TTpocavatoAioud. O TTEPIOXEG AUTEG OVOUQ-
Covtal repioxéc Weiss. O1 treploxég Weiss €xouv 6ykoug trepitrou 1072 éwg 108
m3 kai Trepiéxouv 10" éwg 10%" dropa.

Otav dev uttdpxel CwTEPIKO PayvNTIKO TTEDIO, O HAYVNTIKEG POTTEG TWV TTE-
pioxwv Weiss £xouv Tuxaio TTpocavatoAIGUO GTO XWEO Kal YI' auTO TO UAIKO dev
EXEI HayvNTIKES 1810TNTEG. Me Tnv £TTidpaON €§WTEPIKOU PAyVNTIKOU TTEdiOU £vTa-
ong By, o1 payvnTikEG poTTéG Twv TTEPIOXWV Weiss apyifouv va TTpocavaToAifo-
VTaI KATA TNV S1EUBUVON TOU £EWTEPIKOU PAyVNTIKOU TTEdIOU Kal TO UAIKO ATTOKTA
HayvnTIKEG 1D10TNTEG. Méoa 0TO UANIKO n OAIKR} £€vTiaon Tou payvnTikou TTediou
eival ion ye 1o GBpoioua TNG EVvTaonG Tou £EWTEPIKOU PayvnNTIKOU TTEdIOU Kal TOU
payvnTikoU TTedioU TTOU TTPOKUTTITEI ATTO TOV TTPOCAVATOAICHO TWV HAYVNTIKWY
pOTTWV TwV TTEPIoXwV Weiss, OnA.

os ]}
1
o
+
o

(6.9)
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6mou B n €vTaon Tou OUVOAIKOU PayvnTIKOU TTESIOU OTO ECWTEPIKO TOU UAIKOU,
B n €vTaon Tou §WTEPIKOU PayvnTIKOU TTEdiou Kal B n £viaon Tou payvnTikou
'IT€5IOU TToU oQeiAeTal OTIG TrEPIoYEG Weiss.

\44——\5 >

o D N —_ o S o -
/ —_ S s S > —
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— e —_ o = o -
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a) B)

Zynua 6.11. a) MNepioyéc Weiss B) lNepioxés Weiss, orav utrdpyel eEwrepiké payvntiko medio

O 1pbTT0C paYVATIONG VOGS CIdNPONAYVNTIKOU UAIKOU @QAiVETOl TTAPOCTATIKA
oT0 dIdypappa Tou BpOXou uoTePoews (2. 6.12).

B .

Oe

Zxnua 6.12. Booxo¢ uatepnoswes aidnpouayvnTikou UAIKoU

To UAIKO apxika &ev €xel payvATion (onueio O Tou dlaypdpuarog). Me tnv
epapuoyn €gwTepikoU PayvnTIKOU TTEdIOU Ol HAYVNTIKEG POTTEG TWV TTEPIOXWV
Weiss apyifouv va TTpocavaToAifovTal ue ATTOTEAETHA VO EPPAVICETAI JayvNTIKO
1edio évraong B, TTou ogeiAeTal oT1o UAIKG. KaBuwg n B, audavel, audavel kai n B,
MEXPI TOU onueiou a, OTTou €TTEPXETAI KAl KOPOG TTEpaITEPW dNAadK augnon Tou
B, 0ev em@épel avtioToixn augnon Tou B,,. Autd cupBaivel yiati oTo o UTTAPXEI
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TTAPNG TTPOCAVATONIOHOG TWV PayvnTIKWwy Treploxwy Weiss. AKoAoUBwG, HEl-
WVoupe TNV Tiun Tou B,. AuTo TTpokaAei avTioToixn peiwon Tng B, étav opwg n
B, pndeviletan (onueio B), n B,, €ivai didgopn Tou undevog. Ze autd akpIfwg To
@aIvOPEVO OQEIAETAI N TTAPAPEVOUCA JAYVATION TWV C10NPOUAYVATIKWY UAIKWY.
AkoAoUBwG aAAdloupe TN QOpPd Tou EWTEPIKOU PayvNTIKOU TTediou Kal augavou-
Me oTadlakd Tnv €vTaaor] Tou: auTd £XEl WG ATTOTEAECHA TNV WEIWON TNG TIWAG TOU
B,, apOoU o1 payvnTIKEG POTTEG TWV HAYVNTIKWY TTEPIOXWV TEIVOUV va TTPOCAVATO-
ANoBoUv Katd TNV avTiBeTn Qopd. 2T0 ONUEIO ¥ O TTPOCAVATONIOUOG TWV PayVn-
TIKWV POTTWV €ival Tuxaiog kal eTTopévwg B,,=0. H mrepaitépw auénon tng TIUAG
B, katd Tnv apvnriki @opd TTpokaAei auénon Tng B, Katd Tnv idia opd £wg TO
onueio 6, dtTou epavietal TTAA KOPOG.

6-12. Auvaun Laplace

Ortav évag peupato@opog aywyogs Bpebei péoa oe payvnTikd 1edio dEXETAI
TNV €Midpaon duvaung, n otroia ovopdaletal duvapn Laplace. H duvaun Laplace
ATTOTEAEI TN CUVIOTAPEVN TWV OUVAPEWY TTOU ACKEI TO payvnTiKO TTEdio 0TOUG
KIVOUNEVOUG NAEKTPIKOUG (POPEIGC TTOU CUVIOTOUV TO pelpa. MapoTi n duvaun
Laplace aokeital o€ peuuato@opo aywyod OTToIoUdATIOTE OXAMATOG, O OTT0I0G
Bpioketal péoa ae payvnTikd medio, Ba peAeTnBei N €18IKA TTEPITITWON, TTOU €U-
BUYPAPPOG PEUPATOPOPOG aywYOs PPIOKETAI HECO OE OUOYEVEG PAYVNTIKO TTE-
Oio. Av 0 aywyog €xel uAKoG ¢, diappéeTal atrd pelua éviaong | kal oxnuaTicel pe
TIG OUVAMIKEG YPAPHEG TOU PayvnTikoU TTediou ywvia 8, 101 n duvaun Laplace,
TTOU QOKEITAI OTOV aywyo £XEl:

a) AieuBuvon KABeTn OTO ETTITTESO TTOU OpideTal aTTO TNV £vVTAON TOU PayvnTi-
KOU TTediou Kal Tov aywyo.

B) Popd TéTOI0 WOTE, N KATELBUVON TNG dUVaNPNG, N KATEUBUVON TNG £vTaong
TOU payvnTikou Trediou Kal n cupBaTikh @opd Tou peUUATOS va aTToTEAOUV SeEI-
60TPOPO CUCTNHO AOVWV.

y) Métpo trou Sivetal atrd Tn oxéon:

F.=BI¢-nud (6.10)

61ou B n évtaon Tou payvnTikoU Trediou.
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Zxnua 6.13. Aovaun Laplace o€ euBUypauuo peuparopopo aywyo

Otmwg mpokuTITel amd 1 oxéon (6.10), 6tav o aywyog civar TTapdAAnAog
TPOG TIG dUVAUIKEG Ypaupég (6=0°) n duvaun Laplace eivat F, =B 1 £ - nu0 =
B1/Z-0=0.0T1av o aywydg cival KABETOG OTIG DUVAMIKEG YPaRMES (6=90°) n
dUvapn Laplace €xel yétpo FL =B | £ nu90° =

F=BI¢

Zxnua 6.14. [Mpoadiopicuos NS eopds tns éuvaung Laplace. To 0eéi xépi avarmrapioTd
oeéiéaTpoo ouothua aéovwv

(6.11)

6-13. MayvnTikn pon

210 oXNMa 6.13 @aiveTal pia vontr €TTITTEDN ETTIPAVEIQ S, YECA OE OUOYEVEG
MayvnTIKO TTEDIO.

Q Opiletal w¢ payvnTIKr por, n oTroia dIEPXETAI ATTO ETTIPAVEIQ S TO YIVOUE-
VO TNG €VTOONG TOU PayvnTikou Trediou, €TTi TO €UPAOOV TNG ETTIPAVEIQG, ETTI TO
OUVNUITOVO TNG ywviag TTou oxnuaTifeTal ammd TNV KABETN aTnV ETTIPAVEIQ KAl
TNV €VTOOnN TOU payvnTikou Trediou.
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® =B S guvO (6.12)

H payvnTikr por] UTTopei va oploBei YEVIKOTEPA O€ AVOUOIOYEVEG HayVNTIKO
edio, aAAG yia Adyoug attAouoTeuong TTpoTIHABONKE va d0B¢i 0 opIoUOG TG yia
OMOYEVEG HayVNTIKO TTEIO, XWPIC ONUAVTIKI KATAOTPATAYNON TNS YEVIKOTNTAG.

—/
[ | .
e
]

Zxnua 6.15. Mayvnrikni pon mou SiépxeTal arro ETTITEdN EMIQPAveIa

.
>

Y

Y

Y

Yy
>

H povada tng payvntikAg pong, oto S.1 gival 1o 1Wb (1 Webber). O opiopdg
Tou 1 Wb Ba 608¢i o€ eTtouevn Tmapdypago. Ao 1o 1 Wb opiletal To 1 Tesla w:
1T=1Wb-m2

6-14. MayvnTikn emaywyn

2TIG TTPONYOUMEVES TTAPAYPAPOUS AUTOU TOU KEPAAQIoOU HEAETABNKE, TTWG
dnuioupyeital payvnTikd Tedio ATro KIVOUPEVA QopTia. 2TIG ETTOPEVES TTapaypd-
POUG Ba PeAETNBEl TTWG Eva PayvnTIKO TTEdio PTTOPEl va dnuioupynRoel €va nAe-
KTpIKG TTEdiO.

O AyyAog Michael Faraday kai o Auepikavog Joseph Henry, epyalduevol
avedptnTa, €8€1EAV TTEIPAPATIKA TTWG VA JayVNTIKO TTESIO TTAYEI pEUNQ O€ éva
KUKAWQ.

HAekTpIKG TTEdiO PTTOPEl Va dnuioupynBei atrd payvnTtikd 1Tedio pe dUo Tpo-
TTOuG,

a) Me Tnv kivnon evég aywyou péoa o€ Xpovika otabepd payvnTikd 1redio,

B) Mg tn dnuioupyia NAeKTPIKOU TTEdiOU ATTO XPOVIKA PETABOAASUEVO payvn-
TIKG TTEdIO.
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MNa TNV KaAUTEPN KaTtavonon Twv Trapatrdvw Ba TTeplypagouy Tpia TTeIpdua-
Ta oTa oTroia aiveTal n dnuioupyia pelpaTog amo payvnTiké Tedio.

< —

A N
I
& S—
roABavoueTpo
—<’:E\ % P
FaABavopeTpo

Zxnua 6.16. Orav o yayviTnS Kiveital mpog tov Bedxo 1 armrouakpuveral armé autév 1o
yaABavoueTpo armokAivel o€ avriBeTes KaTeuBUVOEIS '

210 oxNUa 6.16 @aiveral cupudTivog BPOXOG, O OTTOIOG Eival buvéspévog (o}
yoABavoueTpo. To yaABavoueTpo apXIka éxel évoeign undév. Otav évag payvr)-
NG KIVEiTal TTPOG Tov Bpdxo, n BeAdvn Tou yaABavouéTpou atrokAivel, TTou on-
Maivel 611 0 Bpdxog dlappéeTal atmd pevua. H amdkAion Tng BeAdvng uttdpxel
MOvo 6Tav KiveiTal o gayvATng. OTtav o yayvATNG atmouakpUveTal atrd Tov Bpoxo
N BeAdvn atrokAivel TTAAI aAAG g€ avTiBeTn KaTewBuvon.

Zxnua 6.17. O Bpoxog diappéstal ammod peuua KaBWS TapauopPwveTal
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210 OXAMA 6.17 0 eTTiTTEd0C CUPPATIVOG BPOXOG €ival oUVOEPEVOG PE YaABa-
voueTpo. O Bpdxog BpiokeTal yéoa o€ OPOYEVEG payvnTIkKO TTedio, TOU OTToIoU
n évraon cival kaBetn oTo emiTredo Tou Bpoxou. O Bpdxog oTadiakd TTapaUop-
QuwveTal €wg 6Tou TO ePRadOV Tou yivel undév. Ooo dlapkei N TTapaudpPewan
ToU Bpdxou n BeAdvn Tou yaABavouETpou atrokAivel, TTou anpaivel 6T o Bpoxog
dlappéeTal atmo pelya.

N

TTEPIOTPOPN

FaABavouetpo

2xnua 6.18. To oupuarivo mAaicio, KaBW¢ TEPIOTREQETAI HECA TTO UAYVNTIKO TTEDIO
olappécrar amré peuua

210 oXAuUa 6.18 cupudrTivo TTAQICIO OTPEPETAI HECO OE OPOYEVEG HAYVNTIKO
medio. Ooo 10 TTACiCIO TTEPIOTPEQPETAI, N BEAOVN TOU YOABAVOUETPOU OTTOKAIVEI,
dpa 10 TTACicIo diappEETal ATTO PEUMA.

Ti koIvd onpeio utTdpxel oTa TTapammavw Teipduata; O Faraday diatrioTwoe
TTWG TO ETAYWYIKO PEUUA UTTAPXEI EQOCTOV PETABAAAETAI N payvnTIKA POA. Zu-
YKEKPIPEVA OTO TTPWTO TTEipaUa, KABwG o payvATNG TTANCIACEl OTOV CUPPATIVO
OaKTUAIO, METABAAAETAI N EvTAON TOU YayvnTIKoU TTediou n OTToia UTTAPXEl OTA
onueia TG emMQAVEING Tou dAKTUAIOU. ZUp@wva Pe Tn oxéon (6.12) petaBdah-
AETAI KAI N JayvNTIKA por] TTou TTepVA atrd Tov dAKTUAIO. 2TO OeUTEPO TTEIPAQ
KaBw¢ TTapaPop@wVveTal 0 oUPUATIVOG BPoxog, HETABAAAETAI TO euRaddv TNG
eM@Aavelag Tou, dpa PETARAAAETAI KOI N HAYVATIKA PON. ZTO TPITO TTEipaua, ETTEI-
0N 10 TTACiCI0 TTEPIOTPEPETAI ETABAAAETAI KAl N Ywvia B, TTou axnuaTifeTal atrd
TNV KAOETN 0TO TTAQICIO Kal TNV £vTaon Tou payvnTIKoU TTEdiou, ETTOUEVWG PETA-
BAAAeTaI KOl N payvnTiKA por). To @aIvouevo autd ovouAleTal NAEKTpouayvnTIKh
ETAYWYN. ZUYKEKPIPEVA:

Q HAekTpopayvNTIKA ETTAYWYI OVOUACZETAI TO PAIVOUEVO KATA TO OTTOIO EM-
@avifeTal NAeKTPEYEPTIKA dUvaun, 6Tav PeTABAAAETAI N ayvNTIKA PON.
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6-15. Nopog Faraday

O Faraday katd@epe TTPWTOG va dIATTIOTWOE! TTEIPAUATIKA, ATT TTOIoUG TTa-

PAYoVTEG £6APTATAI N TIMA TNG NAEKTPEYEPTIKAG dUVAUNG (ETTAYWYIKNAS TAoNG).
2Upowva pe To vopo Faraday:

A H emmaywyikr) NAEKTPEYEPTIKA dUVAN, TTOU AVOTITUCCETAI O’ éva KUKAWUaA
givar avaAoyn Tpog 10 puBPO PETABOAAG TNG HAYVNTIKAG PONG, TTOU TTEPVAEI aTTO
TO KUKAWWQ.

AD
=-— 6.13
T At ( )

H etraywyikf nAEKTPEYEPTIKA dUVAUN, TTOU ETTAYETAI OE TINViO, TO OTTOI0 £XEI
n OTTEipEG €ival:

E, =-n— (6.14)

To ueiov oTig oxéoeig (6.13) kai (6.14) ogeileTal oTOV KAVOvVa Tou Lenz., oUp-
PWVa UE TOV OTTOIO TO ETTAYWYIKO PEUUA EXEI TETOIA QPOPA, WOTE va avridpd aTa
aiTia, ToU 1O TTPOKAAOUV.

A6 Tn oxéon (6.13) opieTal wg povada Tng payvnTikAg pong 1o 1 Webber.
TWb=1V -s

6-16. Kivnon euOuypaupou aywyou o€ HOyVNTIKO TIEdio

EmraywyikA NAekTpeYEPTIKY dUvVANN ep@avideTal oe KABe aywyo, TTou KIVEITAl
oe payvntiké medio. OTwg gaivetal oto oxXANa (6.19), eubUypaAPPOG aywyos
MAKoUG |, KiveiTal o€ opoyevéG payvnTiko TTedio Eviaong B, pe TaXUTNTA U KGOE-
TN OTNV €VTOON TOU POyvNTIKOU TTEQIOU KAl TOV aywyO. ZToV aywyo eggavicetal
ETTAYWYIKA NAEKTPEYEPTIKN dUvan, TTou diveTal atrd Tn oxEon:

E=Bu/ (6.15)
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Zxnua 6.19. Aywydc Tou KIVEiTal g€ uayvnTiko Tedio eugavilel eraywyikn 1aon

21NV TTEPITITWON TToU N TaxUTNTA TOU aywyoU oxnuaTi¢el ywvia 8 pe 1ig duva-
MIKEG YPAMMPEG TOU TTEDIOU N ETTAYWYIKN TAON diveTal atrd TN oXEon:

E=Bu/{nud (6.16)

6-17. Eqpappoyég

Epappoyn 1n

ZwudaTio eépel popTio g=2mC Kai KIVEITaI O€ OPOYEVES payvnTiKG TTedio évia-
ong B=2T pe o1abeprA TaxuTNTa KABETN OTIG OUVAUIKEG YPAMNMEG TOU TTEDIOU. 2TO
owuaTio aokeital armrd 1o edio duvaun F =4 - 103 N.

a) Na oxediaobei n duvaun F.

B) Na utroAoyioB¢i To g€TPO TNG TAXUTATAG TOU CWwHATIdioU.

Auon
a) H duvaun cival kd0etn oTnVv TAXUTATA KAl TNV €VTAOT TOU hayvnTikou TTedi-
ou. H @opd tng TTpoadiopideTal atrd Tov Kavova Tng degIdg XeIpog (2x.6-1), oto
OAKTUAO TTOU avTioToIXEl OTO |, avTioToIXNBEi N KaTeUBUvoN TNG TaxUTNTOG. 2U-
viBwg Ta oxfuata kataokeudlovtal dIBIACTATA. € QUTA TNV TTEPITITWON KAOE
Oldvuaopa, TTou gival KABeTo OTO €TTITTEdO OXEDIAONG, TTAPICTAVETAI GAV HIKPOG
KUKAOG. Av N ¢opd Tou gival TTPOG TOV AVAyVWOTN TOTE TOTTOBETEITAI GTOV KUKAO

TeAeia, av gival avTiBeTn ToTTOOETEITE £va X.
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w!

cl

B) H oxéon tmou divel Tn duvaun Lorentz givai:

_F _ 4.10°N _.m
F=Bugq=oUu=—>2U=————->U=1—
Bq 2T72.-10”°C ]

Epappoyn 2n

EuBuypaupog aywyog diappéetal atrd pevua I=2A. Ze onueio A Tou payvnti-
KouU Trediou Tou aywyou n évraon gival B =4 - 10° T. Nooo atméxel To A atré Tov
aywyo; Aiveral g, = 41 - 107 Vs :

Am
Auon

H évtaon Tou payvnTikou trediou oTo A diveTal attd Tn oxéon:

4Tr-10'7£2A
A

= =r= M__ —r=102m.
27rr 2B 21m4-10°T

Epappoyn 3n

270 KEVTPO PEUNATOPOPOU KUKAIKOU aywyou akTivag r=0,1m n évraon Tou
payvnTikoU TTediou gival B = 41m10°T. O aywyog €xel avriotaon R=10Q. Na utro-
AoyioBouUv:
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a) H évtaon Tou pelpaTog TTou dIappEéEl ToOV aywyo.
B) H Tdon 1Tou e@appoleTal OToV aywyo.

Aiveral g, = 41 - 107 E
Am
Auon
H évtaon Tou payvnTikoU 1Tediou 0TO KEVTPO TOu aywyou &ival:
6
B=U_o|:>|=52r:>|=4"10 T 2V0,1m:>|=2A.
2r Ko 4107 VS
Am

H tdon 6a civar:
V=IR = V=2A-10Q = 20V.

Epappoyn 4n

210 akpa TTnviou uttdpxel Taon V=10V. To 1Tnvio £€xel uikog I=2,5cm, kai n =
100 oTreipeg. H évraon Tou payvnTikoU 1Tediou 0TO E0WTEPIKS TOU TThviou gival B
= 4110° T. Na uttoAoyioBei n avrioTaon Tou Trviou.

Aiveral g, = 41 - 107 E
Am

Auon
H évraon tou payvnTtikou TTediou OTO ECWTEPIKO TOU TrNviou diveTal atrd Tn

oxéon:

_ B¢ _ 41m10°72,5-10%°m

n
B=pl-=l=—=1I =2,5-10°A
E 4m0” S 100
Am
H avtioTtaon Tou Trnviou eivai:
R:!:R- 10V =400Q

I "~ 2.5.102A
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Epappoyn 5n

KUKAIKRy oupuaTivn oTreipa €xel akTiva a = 0,1m kai diappEeTal atmd pEUNQ
évraong | = 0,111 A. a) Na oxediacBei n payvntik pot TG otreipag. B) Na
uTTOAOYI00Ei TO UETPO TNG JAYVNTIKAG POTTNG.

Auon
a) H payvnTikn potth éxel dielBuvon KABeTn OTO TTITTEDO TNG OTIEIPAG KAl
@opa TN @opd TTou TTpoxwpdel degI6OTPOPOGS KOXAIaG KABETOG OTO ETTITTESO TNG
OTIEIPAG , O OTTOI0G OTPEPETAI OTTWG TO PEUNA.

- | =

B) To PéTpo TNG HayvNTIKNAG POTTAG diveTal atrd T oxéon:
p=1I-S (1
To guPaddv kKUKAou, 6TTWG gival yvwaoTd, 0€ ouvVAPTNON YE TNV OKTiva gival:
S = ma? (2)
A6 TIG o)éoelg (1) kai (2) ouveTTdyeTal:

p*=1-ma2=0,1mA"- 1 0,12m? = 0,01 Am?

Epappoyn 6n

EuBuypappog aywydg diappéeTal amo peupa évraong | = 2A kal gival To-
TTOBETNUEVOG PECA O€ OPOYEVEG PayvnTIKO Tredio évraong B=2T kdBeta oTIg
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OUVAMIKEG YPAUUEG. 2ToV aywyod aokeital duvaun F=2N atrd 1o 1medio. Molo €i-
Val TO PAKOG TOU aywyou;
Auon
O aywyég péoa oTo payvnTiko 1Tedio dExeTal TV eTTidpaon duvapng Laplace,

TNG oTToiag To PETPO eival:

F=BI€:>€=£:>€ 2N

=——=0,5m.
Bl 2T2A

Epappoyn 7n

EUkauTrTo aUpua €xel TN Jop@n eTTITTEDOU Bpoxou, PpioKeTal uéoa o€ Ouo-
YeVEG payvnTikS TTedio éviaong B=2T pe 10 £TiTTed0 TOU KABETO OTIG DUVAMIKEG
YPOUMEG. To oUpPA TTOPAPOPPWVETAI PE TETOIO TPOTTO WOTE N ETTIPAVEIA TOU VA
MeTABAAAETaI e OTOBEPS pUBUO. ApxIKa TO eUBadov Tou gival S, = 0,3m? kal o€
xpovo At=2s yivetai S,=0,1m2. Mdon cival n emaywyikA NAEKTPEYEPTIKA dUvauN
TTOoU gu@aviceTal;

Auon

H emaywyikn Tédon divetan atrd TN oxéon:
= (1)

H petaBoAn TG payvnTikAG poNAg eival:

AD=0, -,
®, =BS, = A®=BS, - BS, =AD=B(S,-S,) (2)
®, =BS,

ATI6 Ti¢ oxéoeig (1) kai (2) = E = -w =

2T(o,1m2 -O,3m2>
E=- =20pV
2s




MAIMNHTIEMOZ - HAEKTPOMAINHTIZEMOX ¢ 197

Eqpappoyn 8n

Aywyog pnkoug £=1m, BpiokeTal JEOO O€ OPOYEVEG PayvnTIKO TTEdIO £vTaong
B=2T. O aywydg cival KGBeT0G OTIG OUVAUIKEG YPAUMES TOU PayvnTiKou Trediou
Kal KIveiTal ge oTabepr TaxuTnTa, N oToia €ival KABETN OTIG OUVAUIKESG YPAUHEG.
270 AKPA TOU aywyou gupavi¢etal Taon V=2V. lNolo cival To ETPo TNG TaxUuTNTOG
TOU;

Auon
H etTaywyikr T1adon 1Tou ep@avidetal ota dkpa Tou aywyou eival:
V=Bul = u= lju: i:']m
B/ 2T1m s

6-18. MpoBAnpara mpog AUon

1° ZwudTto, éxel g=-10mC kai KiveiTal JEoa o€ OPOYEVEG JayvNTIKO TTedio pE
oTaBepn TaxuTnNTa U = 109, n omoia oxnuartiel ywvia 6=30° ye 1iIg duva-
]

MIKEG YpappéG Tou TTediou. To owparTidlo d€xetal duvaun F=0,01N amd 1o
mredio.
a) Na oxediacBei n duvaun Laplace 1Tou d€xeTal TO CWHATIO.
B) Na utroAoyioBei To péTpo TG £€vTaong Tou JayvnTikou TTediou.
(0,2T)

2° 2wHaTidIo KiveiTal e TaxuTNTa U = 5M Héoa o€ oPoyEVEG PaYVNTIKO TTEdIO
s

évraong B = 0,1T, k&Beta 0TI SuvapikEG ypaupéS. H dUvaun TTou dEXETAI TO
owpario gival F=0,02N. MNMéoo @opTio pEpEl TO TWHATIOIO;
(0,04C)

3° Avo eubuypapuol TTapdAAnAol aywyoi A kai B, diappéovtal atmd pevpa-
Ta evtacewv |, = 1A kai 1,=2A avrtioToixa. H améoTaon Twv aywywv eivai
r=2m. Na utroAoyioBei n évraon Tou payvntikoU tediou o€ onueio N, 10



198 ¢ KEDAAAIO 6

4o

50

60

70

80

OTTOI0 BPICKETAI AVANECT OTOUG aywyous Kal atréxel d = 1,6m atrd Tov A.
AiveTal Y, = 411 - 10'72.
Am
a) Otav Ta pelpaTa TTOU BIAPPEOUV TOUG Aywyoug gival OuOPPOTTa.
B) Orav ival avtippoTra.
(8,76- 107 T, 1,125 - 10°T)

Auo eubuypappol aywyoi A kal B atréxouv katda r=0,5m kai diappéovTal atrd
ouoppoTra pevuara evrdoewv |,=3A kai I,=12A. Na eupebei n amréoTacn on-
peiou N atrd Tov aywyod A oTov OTT0io N £€vTaon Tou hayvnTikou Trediou givai
MNOEV.

(0,1m)

KukAIkOg aywydg dlappéeTal atrd peupa I=2A, oTTOTE OTO KEVTPO TOU N £VTa-
on Tou payvnTikoU trediou gival B = 0,04mT. lNoio givai To eupaddv Tou ayw-
you;

(104113 m?)

AUO oUpPPATIVOI OUOETTITTEDOI OPOKEVTPOI KUKAIKOI QyWwYOi €XOUV OKTIVEG Iy =
10cm ka1 r, = 5cm avTioTtoixa. O1 aywyoi diappéovTtal ammd oudppoTTa peU-
pata evrdoewv |, = 2A kai |, = 5A. Na uttohoyioBei n évraon Tou payvnTikou
TTEdioU OTO KEVTPO TWV BAKTUAIWV.

(2,4-10°m T)

Mnvio éxe1l n = 100 oTreipeg Kal PAKoG £ = 2,5cm. To trnvio diappésTal atmod
pelpa évraong | = 0,1 A, otréTe n évraon Tou payvnTikou TTediou 0TO E0WTE-
pIKO Tou TTNViou gival B =0 ,16TTT. 'Exel To Tnvio TTuprva; Av €xel, Toon ivai
n payvnTikr dIaTTEPATOTNTA TOU UAIKOU aTTO TO OTTOIO €ival KATOOKEUATE-
VOG O TTUPAVAG;

(1000)

Me 11éon Tdon TTPETTEl va TpopodoTnBei TTnvio, To otToio £xel 10 o’ waoTe

OTO €0WTEPIKO TOU va dnuioupynBei payvnTiké medio ue évraon B=0,1T; Av
OTO €0WTEPIKG TOU TTNViou TOTToBETNBEI TTUPAVOG YE PayvNnTIKR dIaTTEPATO-
™Ta u = 1000, TTo10 TTPETTEI va gival N TAoN TPoPodoaiag,woTe N €viaon
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90

TOU payvnTikou Trediou va Trapapeivel n idia; H avriotaon tou mTnviou eivai
R=100Q.

vV, —V
1 m

[25000 25

Mnvio até xaAkivo ouppa £xel n = 1000 oTreipeg, IAKOG £ =1m Kal Tpo@o-
oorteital atrd taon V = 10V. H évraon Tou payvnTtikoU TTediou OTO ECWTEPI-
KO Tou Trnviou gival B = 0,11 T. To xAAkIvo oUpua atTd TO OTT0I0 £ival KATa-

OKeuaaouévo To Trnvio éxel avrtiotaon R* = 0,01 9 oo gival To Prkog Tou
m

XGAKIVOU oUpPHATOG;
(4m)

1 0°T£Tpdywvo oupuaTIivo TTAaiolo dlappéetal atmd pelpa I1=2A, oTroéTE ATTO-

KT& dayvnTikA potrr) u° =2Am?2. Na uttoAoyioBei To ufikog TnNG TTAEUPAG TOu
TTAQIciou.
(1m)

11° OpBoywvio cupudTivo TTAaiolo pe diacTtdoeig a=0,1m kai $=0,2m, TTpOKEI-

TQI VO XPNOIPOTIOINBEi WG payvnTiké SiTTOAO PE YayvnTIKA poTTA U = 4Am?2.
To oUppa atTd TO OTTOIO €ival KATAOKEUATHEVO TO TTAQICIO €XEI AVTIOTAON

ava yovada pAkoug R =1 9 Me TTéon Téon TTPETTEl va TpoPodoTnBEi To
m

TTAQioI0;
(2.4V)

12° TeTpAywvog CUPUATIVOG aywyodg pe TTAeupd a = 0,1m BpiokeTal y€oa o€

opoyevég payvnTiké Tedio évraong B, = 2T, ye 10 emimedo Tou KABETO
OTIG DUVOMIKEG YPAUMEG. H évTaon Tou PayvnTIKOU TTEdiOU EAATTWVETAI E
oTaBepd pubud kal oe xpovo At = 103 s undeviletal. Na uttoAoyioBei n
eTaywyikA Tdon Tou gu@avifeTal GTo Trnvio.

(20V)

13°sm0 E0WTEPIKO TWANVOEIBOUG BpioKETAI GUPUATIVN OTTEIPA, PE TO ETTITTE-

00 TnG KABeTO OTOV GEOVA TOU CWANVOEIdOUG. H aTreipa €xel avtioTaon
R, = 0,41Q ka1 diatou S = 2cm?. To cwAnvoeldég, €xel n = 1000 oTrei-
peg, uRkog ¢ = 0,2m ka1 diappéeTal ammod pelpa |, = 2A. To peUua Tou Ow-
ANvoeIdoug PelwveTal e oTaBepd pubuo oe |, = 1 A o€ xpdvo At = 1ms.
Na utroAoyioBei To eTTaywyikd peUua TTou diappEEl TN OTTEIPQ.

(1TmA)
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14° Terpaywvo cuppdTivo TTAGIoIO €xel TTAEUPG a = 0,2m Kai SIGPPEETAI ATTO
pevpa | = 2A. To TTAaiolo BpiokeTal péoa oe opoyevég payvnTikd TTedio
évraong B = 1T. O1 duvapikég ypauuég Tou Trediou gival KABeTEG OTO £TTi-
edo Tou TTAalgiou. Na uttoAoyioBei n ouvoAikr) dUvaun TTOU GOKEITAl GTO
TTAaiolo atré 1o Tredio.

(0)

15° OpiZ6vTiog €uBUypappog €xel uAkog £ = 1m kai dloppéeTal ammd pelpa
éviaong | = 2 A. O aywydg 100ppoTTEi JECA O€ OPOYEVEG PayvNTIKO TTEDIO
TOU OTTOIOU Ol QUVAUIKEG YPAUMEG €ival OpIOVTIEG KA KABETEG OTOV aywyo.
Av 10 Bdpog Tou aywyou cival 4N, va uttoAoyioBei To PETpo TNG Eviaong
TOU payvnTikou Trediou.
(2T)

16° EuBUypappog aywyog pAkoug ¢ = 0,5m Kiveital y€oa G’ OPOYEVEG payvn-

TIKG TTEdiO hE oTaBepr) TaXUTNTA U = 2 — KABETN OTIG DUVAMIKES YPAMMES
s

Tou TTEdiOU Kal TOV aywyod. ZToV aywyo su@avifetal eTraywyikr tdon V =
0,4V. Na utroAoyioBei n évraan Tou payvnTikou Trediou.
(0,47)

17° Aywyog prikoug ¢ =0,2m ki-
veiTal Tavw o€ TTapdAAnAoug
aywyIuoug odnyoug Ax kal By
ME TaxuTnTa TTAaPpAAANAN TTPOg R — 5
Toug 0dnyous. O aywydg eival u
OUVEXWG KABETOC OTOUG 00n-
youg, O0TTwg oT1o oxAua. Ouo-
YEVEG payvnTIKG Tredio TTou
gival kaBeTo oTO €TMiTTESO TWV
aywywv éxel éviaon B = 1T. Ta akpa A kail B Twv 0dnywv ouvdéovTal e
avTioTdtn R = 2Q, ommdte 0 aywydg diappéstal atrd peupa | = 0,2A.
Na uttoAoyicBei n TaxuTnTa Tou aywyou.

R ml

22
S
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Eicaywyn

Or1 Tukvwrég eivar o1 S1ataéeis Tou armoBnkeuouv NAEKTPIKO @oprio. H duva-
T0TNTA ATTOONKEUONGS POPTIOU aTTO £va TTUKVWTH €QPTATAI QTTO TN XWPNTIKO-
NTa TOU. BAOIKG évag TTUKVWTAC arroTeAsiTal armé U0 aywyous TTou avalle-
0a ToUG UTTAPXE! UOVWTIKO UAIKO. H xwpnmikdtnra evog mukvwrn e€aprarai
arrd 10 OXNUA TwV OTTAICUWY, Ta YEWUETPIKA TOU OTOIXEIa Kal TO [JOVWTIKO
UAIKG TTOU UTTApXEl avauETA OTOUS OTTAIGOUS TOU.

O1 TTUKVWTES XPNOILIOTTOIOUVTAI O€ TTOIKIAEC EQAPLIOYES, OTTWS OTA GUVTOVI-
{oueva KukAwuara, ata NAEKTPOVIKG @iATpa, ata cuaThuaTa avapAsénc rwv
QUTOKIVATWVY Kal yIa TNV QITOBNKEUanN NAEKTPIKAGS EVEPYEIQC.

2KOTTOC TOU KepaAaiou eival n karavonan twv IGI0TATWY TwV TTUKVWTWY Kal
TOU TPOTTOU TTOU OUVOEOVTAI O€ éva KUKAwLA.
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7-1. XwpnTIKoTnTa dywyou

Ta @opTia KATavEéUOVTAl OTNV ETTIPAVEID TOU aywyoU HE TETOIO TPOTTO WOTE
OAa Ta OnuEia TNG ETTIPAVEING TOU aywyou va £XOuV To idlo duvapiko. To duvapl-
KO auTd ovopdaldetal SuvauIKo aywyod.

Q XwpntikoTnTa aywyou ovoudletal To oTaBepd TTNAIKO TOU (popTiou TTOU
PEPEI O AYWYOS TTPOC TO OUVAHIKG TOU aywyou.

_Q
c=3 (7.1)

Movada xwpntikétntag ato S.1 givai To 1 Farad. (1F = 1%)

To 1F €ival TTOAU peydAn povada XwpenTikoTnTag. H ' yia TTapadeiypa €xel
XwpENTIKOTNTA HIKPSTEPN atrd 1F. MNa 1o Adyo auTtd oTn TTPAEN XPNOIKMOTTOIOUVTal
uttorroAAatTAdaia Tou 1F, 6TTwg 10 1mF (102 F), T0 1uF (10 F), T0 1nF (10° F)
kal To 1pF (10-12F).

H xwpnTikdTNTa £VOG aywyou e¢apTdTal atro:

° ATTO TO OXAMUO KAl TA YEWUETPIKA aTOIXEIO TOU aywyou.

e A6 TN @UON TOU UAIKOU PE€CQ OTO OTT0I0 BPIOKETAI O ayWYOC.

® ATTO TNV TTAPOUCIA AAAWY ayWYWV.

Mpétrel va TovioBei, TTwg N xwpenTIKOTNTA aywyouU gival avedpTtntn TG00 atrd
TO QOPTIO TOU aywyou, 600 Kal aTré To duvapiké Tou. O Adyog QUTWYV TWV JE-
yeBwv gival oTaBepdg, dnAadr av PeTafAnBei To @optio Ba peTafAnBei kal TO
QuvapIKO €101 WOTE 0 AOYOG TOUG va £xEl OTABEPN TIKN.

7-2. XwpnNTIKOTNTA TIUKVWTH

H xwpnTIKOTATA TV aywywv gival JIkpn. H atraitnon yia geyaAlTeEPES Xwpn-
TIKOTNTEG 0OAYNOE GTO va dnuioupynBolv cuoTAPATa U0 aywywyv TTOU EXOUV
TTOAU PeYOAUTEPN XWPENTIKATNTA Kal ovoudlovTal mukvwrég. O1 dUo aywyoi TTou
atroTeAOUV TOV TTUKVWTH oVopAadovTal orTAIGUOI Kal OTAV O TTUKVWTAG €ival QopTI-
OMEVOG PEPOUV i00 KT PETPO QOoPTIO OAAG Pe avTiBeTo TTpdONUO.

Q XwpnTIKATATA TTUKVWTH ovopddeTal To oTaBepd TTNAIKO TOU (QOPTIOU TTOU
PEPEI O TTUKVWTAG TTPOG TN O1a@OopPd OUVANIKOU TwV OTTAICUWY TOU.
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(7.2)

H xwpnTik&TNTO £VOG TTUKVWTA €§apTdTal:

® ATTO TO OXAUA TWV OTTAICUWY KAl TA YEWUETPIKA OTOIXEIO TOU TTUKVWTH.

e A1ré Tn UON TOU UAIKOU TTOU UTTAPXEI AVANECT OTOUG OTTAICUOUG TOU.

AvaAoya e TO OXAUA TwWV OTTAICPWY TOUG, Ol TTUKVWTEG BIOKPIiVOVTal O€ ETTi-
TTEdOUG, OPAIPIKOUG, KUAIVOPIKOUG K.A.

AvaAoya pe To OINAEKTPIKOG, TO OTTOI0 UTTAPXEI AVANECT OTOUG OTTAIOOUG dIO-
KpivovTal o€ NAEKTPOAUTIKOUG, XAPTOU, KEPAMIKOUG, MIKAG K.A.TT.

2¢ éva KUKAWPA Ol TTUKVWTEG XPNOIUEUOUV YId VA aTToBNKEUOUV NAEKTPIKT
EVEPYEIQ O€ PHOPYPR eVEPYEIOG NAEKTPIKOU TTEDIOU, TO OTTOIO UTTAPYXEl avAuETa
OTOUG OTTAIOPOUG. TNa va aTrToONKEUOOUV NAEKTPIKN EVEPYEIQ OI TTUKVWTEG TTPE-
TTEl va Tpo@odoTnOouV e Tdon, WoTe va QopTIoToUV. MOAIG o1 OTTAICUOI OUuVv-
0eBouUv pe Toug TTOAOUG HIAG TTNYAG OUVEXOUG PEUUATOG, EAEUBEPA NAEKTPOVIA
aTTo TOV OTTAIOUO TTOU €ival CUVOEUEVOG PE TOV BETIKO TTOAO (BETIKOG OTTAIOUOG)
Ol0 HEOOU TNG NAEKTPIKAG TTNYNG TTNyaivouv oToV OTTAICUO TToU €ival CUVOEUE-
VOG ME TOV apvnTIKG TTOANO. H PeTaToTTiIon auTr ouveyifetal €wg 6tou n Tdon
OTOUG OTTAICPOUG TOU TTUKVWTH Yivel ion Pe Tnv Taon oToug TTOAOUG TNG TTNYNG.
TeANIKA OTO BETIKO OTTAIONO UTTAPXEl EAAEINPO NAEKTPOVIWY ETTOUEVWG AUTOG
EXEl BETIKO QopTio, eV 0 apvnTIKOG OTTAICUAG, OTOV OTTOI0 UTTAPXE! TTEPICOIN
NAEKTPOViwV, £xe€l apvnTIKO QopTio. H diadikaoia auth ovoudleTal ¢opTIon Tou
TTUKVWTHA.

P R ——

Zxnpa 7.1. KikAwua @opTrions mukvwin
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~ [TUKVWTIg é

L

Zxnua 7.2. KUKAwua ekpoprions TTUKVWTN

|\I+

Otav o TTUKVWTAG atroouvoebei ammd Tnv Tnyn e€akoAouBei va ival opTi-
OMEVOG, av OUWG O OTTAICHOI Tou oUvOEBOUV pE aywyo, TOTE NAEKTPOVIA aTTd
TOV apvnTik® OTTAIoUO d1a JEoW Tou aywyoU PeTaToTTi(ovTal GTOV BETIKO OTTAI-
OuO6 pe atmoTéAeopa Tn Babulaia Peiwan Tou QopTiou TwWV OTTAICHWY. H peTatd-
TTON TWV NAEKTPOVIWV CUVEXICETAI PHEXPIG OTOU TO POPTIO TWV OTTAICHWY TEAIKA
pNdevioBei. H 6An diadikacia ovopadeTal EKQOOTION TOU TTUKVWTH.

7-2.1. XwpnTIKOTNTA EMMESOU TMIUKVWTN

Q ETitredog TTUKVWTAG €ival O TTUKVWTHG, TOU OTTOIOU Ol OTTAIOUOI Eival ETTITTE-
0eG PETAANIKEG TTAAKEG.

H xwpnTIKOTNTA TTUKVWTH TToU €&l €TTITTEGOUG OTTAICOUG diveTal atTd Tn OXE-
on:

C=¢, (7.3)

~|l»m

otou S 10 ePPadOV Twv OTTAICUWY, £ n PeTagl Toug aTTOOTACN KOl €, N OInAe-
KTPIKA 0Ta0gpd TOU KevoU.

OT11Ww¢ €UkoAa ouvayetal atod Tn oxéon (7.3), N xwpenTiKOTNTA £vOG £TTITTESOU
TTUKVWTH au&daveTal 6Tav auédvetal To ERadOV Twv OTTAICHWY TOU Kal OTav JEl-
WVETAI N JETALU TOUG aTTOCTACT).

ZNMEIVETAI TTWG Ol OTTAICHOI EVOG TTUKVWTA PTTOPOUV va £XOUV OTTOI08NTTOTE
EMTTEdO OXAUA. £T0 OXAUA 7-3 €IKOVICETAI TTUKVWTHG, TOU OTTOIOU Ol OTTAICHOI
gival KUKAOL.
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2ynua 7.3. Emitredo¢ MUKVWTAS UE KUKAIKOUS OoTTAIoIOUS

7-2.2. Evépygia TTUKVWTA

MNa va @opTioTEl évag TTUKVWTAG TTPETTEI va KaTavaAwBei evépyeia TTou aTTo-
BnKeUETOI OTOV TTUKVWTI UTTO Hop@r evépyelag nAeKTpIkou TTediou. H evépyela
auTn diveTal 1o TIG OXEOEIG:

W = %QV (7.4)
LY
W =_CV (7.5)
2
2
W = %% (7.6)

o6tou Q 10 POpPTIO TWV OTTAICUWY, V N Tdon Tou TTUKVWTA Kal C XwpenTIKOTNTA.
O1 TpeIg oxéoelg cival 1I000UVANES apoU KABE Pia PTTopEi va TTpoKUWEl aTTd TIG
AAAeg e Tn PonBela Tng oxéong Q=CV.

7-3. AInAeKTpIKN OTAOEPa

‘Exel d1ammoTwoEl, TTwg av JETAEU Twv OTTAICUWY TTUKVWTH TTapeuBAnBEi, povw-
TIKO UAIKO (BINAEKTPIKO) auéaveTtal n XwpenTikoTNTa. H algnon tng XwpenTikotnTag



206 ¢ KEDAANAIO 7

TTOIKIAEI avAAOYQ UE TO BINAEKTPIKG Kal EEOPTATAI OTTO TN TIKK TNG OINAEKTPIKNS OTA-
Bepdg Tou UNIKOU.

Q AinAekTpIKr 0TaBEPA UAIKOU OVOouAleTal To oTaBepd TTNAIKO TNG XwpnTi-
KOTNTOG C TTUKVWTH, TTOU QVAPECO OTOUG OTTAICHOUG TOU UTTAPXEI DINAEKTPIKO,
TTPOG TN XwpenTkoTNTa C, TOU idIoU TTUKVWTH, OTaV aVAUESO OTOUG OTTAICHOUG
TOU UTTAPXEI KEVO I AEPQC.

C
. 7.7
C, (77

7-3.1. AINAEKTPIK avToXA

To dINAEKTPIKO, TTOU UTTAPXEI AVANETT GTOUG OTTAICUOUG TTUKVWTH, gival yo-
VWTAG KAl CUVETTWG Ogv TTapoucialel aywyidoTnTta. Opwg ammd 1a atoua 6Awv
TWV UAIKWV €ival duvaTtdv va atrooTracBouv nAekTpovia, otav auTtd Bpebouv
MEoa o€ 1IoXUPO NAEKTPIKO TTEdiI0. Av auTd cuuei, TOTE TO BINAEKTPIKO TPUTTAEI
atro 7O peUpa evog oTvenRpa. H cuputrepipopd evag dINAEKTPIKOU TTEPIYPAPETAI
atro TNV SINAEKTPIKN avToxn).

Q AINAeKTPIKA avTox €VOS UAIKOU ovoudadeTal n HEYIOTN EVTAon TOU NAEKTPI-
KOU TTediou TTOU PTTOPET va aveXBEi TO UAIKO, XwPIC va KATAOTPAPE atTd NAEKTPI-
KO OTTIvVOrpa.

2TOUG TTUKVWTEG YIA VA €TITEUXBOUV PEYAAEG XWPNTIKOTNTEG XPNOIKOTTOIOU-
vTal 600 TO duvaTov AETTTOTEPA PUAAD BINAEKTPIKOU UAIKOU. ETTeidni n évraon
TOU NAEKTPIKOU TTEdIOU avANESA OTOUG OTTAICHOUG augdveTal, OTav aQuEAveTal N
Tdon, 0 TTUKVWTAG Bev UTTOPET va QopTIOoTEI o€ TAoN PEYaAUTEPN aTTO AUTHV TTOU
dnuIoupyei Evraon peyaAuTepn atmd Tn OINAEKTPIKA avToxr Tou dinAekTpikou. H
MéyioTn Tdon Asimoupyiag evog TTUKVWTH avaypd@eTal atrapaitnTa ditTAa oTn
XwpnTIKOTNTA TOU.

7-4. ZuvdeOoHOAOYIO TTUKVWTWV
O1 TTUKVWTEG TOU EUTTOPIOU £XOUV XWPNTIKOTNTEG TTOU £XOUV OUYKEKPIMEVEG

TIuéEG. Ma TIg avAyKkeg MIag e@apuoyng eival duvatdv va atraitolvTtal Xwpn-
TIKOTNTEG TTOU Ol TIHEG TOUG BEV UTTAPYXOUV OTO EUTTOPIO, YI' auTd ouvdéovTal
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TTUKVWTEG PE TETOIO TPOTTO, WOTE N XWPENTIKOTNTA TTOU TTAPOUCIALEl TO cUoTNUA
va €€l TNV ammaiToupevn TIWA. H xwpnTikOTNTA auTr) oOVOUAZeTal OAIK XwpenTI-
KOTNTA, dNAadn:

Q OAIKA 1} 1I000UvVaUN XWENTIKATNTA CUVOETHOAOYIag (CUCTANATOC) TTUKVW-
TWV OVONAZETAl N XWPENTIKOTATA VO TTUKVWTH, TTOU OTAV 0TOUG OTTAICOUG TOU
UTTAPXEI N id1a TAON TTOU UTTAPXEl OTA GKPA TNG OUVOEOUOAOYIOG, ATTOKTA TO idI0
(POPTIO ME TO POPTIO TNG OUVOECOAOYIOG.

Q doprtio ouvdeopoloyiag ovoudageTal TO POPTIO TTOU TTEPVAEI ATTO TO ECWTE-
PIKO TNG NAEKTPIKAG TTNYNS TTOU TPOYODOTEI TN CUVOECUOAOYIA, WOTE VA QOPTI-
OTOUV TTAPWG Ol TTUKVWTEC TNG.

7-4.1. ZuvdeoHOAOYia TMUKVWTWYV OE OEIPA

2Tn ouvdeCOoAOYia QUTH Ol TTUKVWTEG €ival ouvOoedePEVOl OE OEIpd, WOTE
0 0e&I6¢ OTTAICNOG TOU £VOG TTUKVWTA VA gival ouvOedeEVOG e TOV apIoTEPO
OTTAICHO TOU ETTOMEVOU Kal OEV UTTAPXEI AVAUECA TOUG OnuEio Awng.

C Gz Cs Cyt Cyv2

Vi Vs V3 V-1 V-3

Zxnua 7.4. ZuvdeouoAoyia TTUKVWIWY O€ OEIpd

MNa va eopTIoTOUV Ol TTUKVWTEG TG CUVOECHOAOYIOG TTOU QAivETAl OTO OXAMO
7-4 @opTio -q PETAKIVEITAI ATTO TOV APIOTEPO OTTAICHS Tou C, Kal yéoa ato Tnv
TNy Tnyaivel oto de€I6 ommAIoNO Tou C,, oTrdTE OAOI OI EVOIGUETOI OTTAICUOI
@opTifovTal £¢ eTTaywyng. ETTopévwg GAoI Ol TTUKVWTEG €XOUV TO iBI0 QOopPTiO q,
TTOU €ival Kal TO OAIKO QOpPTIO TNG oUVBETHOAOYIag, agou yid va QopTIoTOUV Ol
TIUKVWTEG PETQ aTTd TNV TTNYRA TTEPACE YopTio q. Apa:
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V,+V,+V, +...+V
CO)\=3:>COA= q :L: 1 2 3 v =
\ V,+V,+V, + .. +V Car q
L=£+ﬁ+£+"_+&:>
Co 9 a g q
L=l+i+i+ _+l (7.8)
CO)\ C1 C2 CS Cv

7-4.2. MapaAAnAn ocuvdeopoAoyia TTUKVWTWYV

¢ pia TapdAAnAn ouvdeouoAoYia, O TTUKVWTEG €ival OUVOEUEVOI UE TOUG
OMWVUHOUG OTTAICPOUG TOUG Kal ETTOPEVWG €XOUV TNV idla TAON TTOU gival ion pe
TN TAoN TNG TTNYNG. AV 01 TTUKVWTEG €ival QOPTIOPEVOI QVTIOTOIXA PE QOPTIa qy,
dy, da»---, 0y, TO OAIKO QOPTIO €ival g, = Q4+Q,+q5+...+q,. ETTONEVWG:

Cy, a4
Co, a2
Cs a3
Cy-1,9v—1
Cy—2,av-2
\%

Zxnua 7.5. NapdAAnAn ouvdeon TTukvwIWY

G+ G Gt

_q
COA_%DCOA V

COA=&+&+q—3+...+q—V:>
vV V V \Y

Cyu=C,+C,+Cy+...+C,

(7.9)
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7-5. Eqpappoyég

Epappoyn 1n

MukvwTAG €xel xwpnTikoTNTa C=2,2uF Kkai gival @opTiopévog os Tdon V=20V.
Na utroAoyioBei To @opTio Tou.
Auon

H xwpnTikdTnTa £VOG TTUKVWTH diveTal atmd 1n oxEon:

C=%:> q=CV = q=22F - 20V = 44 uC

Epappoyn 2n

O1 oTTAIopOI ETTITTEDOU TTUKVWTH aTTéXOoUV KATd £=0,1 mm. Av n XwpnTIKOTNTA
Tou TTUkvWTA €ival C=0,177nF, 11010 €ival TO EURAOOV TwWV OTTAICUWYV TOU;

C2

N-m

Aivetai €, = 8,85 - 102

> -

Auon
H xwpntikdTNTa £1TiTTE®0OU TTUKVWTH O€ OUVAPTNON ME TA YEWMETPIKA TOU
oToIxeia gival:

-9 -4
C=€O%:C£=£OS:>S=C_€:S=O,177 10 F102m

& 8,85.10™"
N

=0,002m".

m2

Epappoyn 3n

Emitredog TTUKVWTAG €xel xwpnTikoTNTa C=1,2nF. O TTUKVWTAG CUVOEETAI E
TOUg TTOA0UG TTNYNG Taong V=20V. AKoAoUBwG oI OTTAICPOI TOU TTUKVWTI| ATTO-
ouvdEovTal atTd TNV TINYA Kal N atrdéoTacn Toug TeTpatTtAaciadeTal. Na utroAoyi-
oToUV:
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a) H véa xwpnTtikoTnTaA.

B) To véo @opTio TOU TTUKVWTH.
y) H véa tdon Tou TTUuKvwTA.

0) H véa evépyela Tou TTUKVWTH.

Auon

a) H xwpnTikOTNTA TOU TTUKVWTH JETA TNV OTTOPAKPUVON TWV OTTAICHWY TOU
givai:

._ S
M RN
(=47
H apxIki xwpnTIKATNTA TOU TTUKVWTI €ival:
S
C=¢,— (2
07 @

A6 Tn diaipean Twv oxéaewv (1) kail (2) ETTeTOI:

S
. £, —
C_:uzlj(:'z 1(: = C’'= 11,2n|:=0,3n':-
C S 4 4 4
EOZ

B) Otav atropakpuvovTal ol oTTAIcUOI dev gival duvaTtdy va PETAKIVNOET pop-
Tio a1rd ToVv €vav OTTAIONG oTov AAANO. ETTOPEVWG TO VEO QOPTIO TOU TTUKVWTA
gival ioo pe To apyIKo dnAadA:

qQ’=q=CV = q’=1,2nF20V = 24nC.

y) H véa tdon Tou TTUKVWTA €ivai:

vi=9 L y=24nC gy,
C 0,3nF
0) H véa evépyela Tou TTUKVWTH gival:
2 24.10°CY’
W':lq_’:W'=1—( _9) =0,96'10_6J.
2 C 2 0,3-10°F
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Epappoyn 4n

O1 omrAiIopoi eTTiredou TTUKVWTH €xouv 0 KABe évag euBaddov S=10cm? kal
atréxouv ¢ =1mm. O TTUKVWTHG CUVOEETAI IE TOUG TTOAOUG TTNYAG OUVEXOUG PEU-
paTtog, otroTe atmokTd evépyeia W=0,177ud. Moia gival n 1aon Twv TOAWV NG

2
£ =8,85-1O'12%
m

TINYyng;

Auon

H evépyeia QopTIoPEVOU TTUKVWTH Eival:
1
W= 2 cvz (1)

H xwpnTIKOTNTA TOU TTUKVWTA 0 CuvAPTNON WE TA YEWUETPIKA TOU GTOIXEIO
divetal atmo Tn oxéon:

ATT6 TIg oxéoelg (1) kal (2) émreTal:

W=180§V2:>2€W=SOSV2:>V2:2€W =V-= 20N =
2/ €S €S
3 )
V = 2-10 mO,1C727 10°J — 200V
8,85.10™" 210‘3’m2
Nm

E@appoyn 5n

To euBadov Twv OTTAIGUWY eTTITTEOOU TTUKVWTH €ival S = 10cm?. To kevo ava-
HeoA 0TOUG OTTAIOHOUG TTANPOUTAl PE HOVWTIKO UAIKO, TO OTTOI0 £XEI BINAEKTPIKN
otaBepd €=5. MNnyn tdong V=200V ocuvdéeTal 0TOUG OTTAICOUG TOU TTUKVWTH,
OTTOTE O TTUKVWTIG aTToKTa @opTio q = 4nC. loio €ival To TTAX0G Tou dINAEKTPI-

2
kou; Aivetal €, = 8,85 - 10'12%.
N-m
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Auon
H xwpnTikdTNTA TOU TTUKVWTA €ival:
-9
c== (1
g M
H xwpntikdtnTa divetal £mTiong Kal atmd Tov TUTTO:
S
C=¢ge— (2
808 E ( )
O1 oxéoeig £xouv Ta TTPWTA PEAN ioa, €TTOPEVWG Kal T BeUTEPA WEAN €ivail

ioa:
€,ESV

=

~|;m

%=soe = (q=¢eSV=>L=

2
8,85.10" NCZS10'3m2200V
m

(= ; =2,2.10°m
4.10°C

Epappoyn 6n

Etriredog TuKvwTAG £xel xwpnTikoTnTa Cy,=1nF. O TTUKVWTHG €ival OUVEXWGS
ouvoEedePEVog oToug TTOAOUG TTNYNG Taong V,=10V. AkoAouBwg avaueoa oToug
OTTAIOUOUG TOTTOBETEITAI JOVWTIKO UAIKO PE BINAEKTPIKN oTaBepd €=4. Na Bpe-
Bouv:

a) H véa xwpnTikoTnTA.

B) H véa T1don Tou TTUKVWTH.

y) To véo @opTiO TOU TTUKVWTH.
0) H véa evépyela ToU TTUKVWTH.

Auon

a) H dinAexTpikry o1a0epd TOU UAIKOU TTOU UTTAPYXEI QVAUESO OTOUG OTTAIOHOUG
TOU TTUKVWTK opigeTal:

£=C£:>C=£CO:>C=4-1nF=4nF.

0
B) H 1don tou TTUKvWTH dgv PETARAAAETAI PETA TNV €i00d0 TOU SINAEKTPIKOU,
eeIdn eival ouvexwg ouvoedeévog e Toug TTOAoUG TNG TTNyNS. Apa V=V,
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y) To @OpTiO TOU TTUKVWTH JETA TNV €l0aywYr Tou SINAEKTPIKOU givarl:
g=CV=q =4nF - 10V =40nC.

0) H véa evépyeia Tou TTukvwTh SiveTal atrd Tn oxéon:

1 1
W= CV2 = W= 4nF (10V)2= 200

Epappoyn 7n

Avo TrukvwTtég C,=6uF ka1 C,=12uF ouvdéovTal oTn o€Ipd Kal oTa GKPa TNG
ouvdeopoAoyiag epapudletal Taon V=24V. Na Bpebouv:
a) H oAk xwpnTIKOTNTA.
B) To @opTio KABE TTUKVWTH.
y) H 1don kdB¢e mTukvwTm.
0) H evépyeia kGBe TTUKVWTA

Auon

o C,

a) H oAIKr ) XwpnTIKOTNTA TTUKVWTWY CUVOEUEVWY OTN O€Ipd diveTal Aatro Tn oxé-
on:

= —+

1.1 _CC, _ o _BuF12uF _
C, C,

=C, =
* C,+C, *  18uF

1 4pF .
CoA

B) ETeidn o1 TTuKvVwTEG gival ouvdedeuévol ot oeipd €xouv ioca QopTia Kal PAAI-
oTa 10 KaBéva ioo pe T0 0AIKO opTio. ETTopévVWG:

4+1=0,=9=Co\V =q,=0,=4uF - 24 V=96C.
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y) H 1don o€ kGBe TTUKVWTH gival:

V=3 oy, = ey v, =%y, SO

1 1 - - 8V
C, 6uF C, 12uF

0) H evépyeia og kGBe TTUKVWTA gival:

W, = %C1V12 =W, = %6UF(1 6V) =768uJ

W, = %czvg =W, = %12pF(8V)2 =384

Epappoyn 8n

AUO TTUKVWTEG, Pe xwpnTikétnTeg C,=2,2uF kai C,=3,3uF ouvdéovtal To-
PAAANAQ Kal 0T AKPA TOU oUOTAUATOG £QapudleTal Tdon V=10V. Na utrohoyi-
0Bouv:

a) H xwpnTikdTNTA TOU CUCTANATOG.

B) H Tdon k&Be TTUKVWTH.

y) To @opTio KAOe TTUKVWTH.

0) H oAIKA evépyeia TOU CUCTHUATOG TWV TTUKVWTWV.

Auon
Ci

a) Emeidf o1 TukvwTég gival ouvdedepévol TTApAAANAA N OAIKA XwpenTIKOTNTA
diveral atro Tn oxéon:
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C,=C+C, = C,, =2,2 uyF + 3,3 yF = 5,5 pF.
B) H tdon k&Be TTUKVWTA €ival ion Pe TN TGon TG TTNyNG.
V,=V,=V=10V
y) Ta @opria gival avTioToixa ioa Je:
g;,=C,V = q,=2,2 yF - 10V = 22 uC,
q,=CV = q,=3,3 uF - 10V =33 uC.
0) H oAIkn evépyeia TOU CUCTAPATOG TWV TTUKVWTWYV diveTal attd Tn oxéon:

1 1
W= Co V2 W =2 5,5 uF(10V)2 = 275 J

Epappoyn 9n

Na BpeBei n oAk XwpnTIKOTNTA TG CUVOECUOAOYIAG TTOU PaiveTal OTO OXN-
Ma. AkoAoUBwg va uttoAoyioToUV N TAon Kal To QopTio K&ABe TTuKvwTA. AivovTal:
C, =2uF, C,=8uF, C; =2,4pF, V = 24V.

Auon
ApXIKG uTtoAoyiZeTal n OAIKA XwpenTIKOTNTA TWV C, Kai C,, o1 oTT0i0I €ival ouv-
0edepévol o€ oelpd.
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1 1 1 1 _C,+C,
==+ = — = =
C1,2 C1 C;2 C12 C1C2
_ CGC, 2uF 8uF
C1'2_C+C 1,2 2
,+C, uF +8uF
2
16(pF
A s
‘ 10pF

To TTponyouUuEVo KUKAwUA YiveTal:

Cs

Omwg aivetal o1 C;, kai C; gival cuvdedepévorl TTapadAAnAa. ETTopévwg n
OAIKA TOUG XwpnTIKATNTA gival:

Ci23=Cy,,tCy = Cyp = 1,6uF+2,4pF = C,,, = 4pF.

O1 rukvwTég C, kal C, épouv ica gopTia agou gival ouvdedeuEvol o€ OEIpd.
To @oprio kABe TTUKVWTA eival ioo £TTiong pe 10 @opTio TNG C,,. ZTa AKPA TOU
TTUKVWTN C, , UTTAPXEI N TAON TNG TTNYNG. ETTopévwg:

9:=0,=9:,=C,»’V = q,=0q,= 1,6 yF-24V = q, =q, = 38,4 uC.

O1 tdoeig Twv C, kai C, avTioToixa Oa givai:

V1 :&:V1 :M:']g,zv,
C1
V=% oy, = 38AUC 5y

_:> —_—
. C 2 8uF
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O1 orAicpoi Tou C, gival cuvdedepévol Pe Toug TTOAOUG TNG TTYNS dpa:
V,=V=24V
To @opTio Tou C; Ba cival

95=C, Vs = q5=2,4uF 24V=57,6C.

Epappoyn 10n

O1 TTUKVWTEG TNG ouvOETHOAOYIOg TOU OXAMATOG EXOUV TIG XWPENTIKOTNTEG:
C,=3uF, =C,=6uF, C,=4pF, C,=6uF. H 1don tng TTnyng civar V=12V. Na uttoho-
yio800v:

a) H oAk xwpnTIKOTNTA.
B) To @opTio kai n Tadon KABE TTUKVWTH.

Auon

a) O1 TTukvwTtég C, kai C, gival ouvdedepévol og aelpd, dpa n OAIKA TOUG Xwpn-
TIKOTNTA €ival:

1 _1 1 1 _C,+C,
==+ — = —— = =
C1,2 1 CZ C1,2 C1C2
_ CGC, _ SHF6pF _ uF

= :> = e
2 C,+C, 2 3uF +6pF

EtTopévwg 10 KUKAWPA 1I0000UVaApa HETAaoXNKaTIETal OTO:
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C,

Cs

O1 C, kai C, ival ouvdedepévol TTapdAAnAa ETTOUEVWG:
Ci23=Cy,+Cy = Cy, 5= 2uF + 4pF = 6uF.

To TTponyoUpEVO KUKAWUA JETOOXNMATICETAI OTO:

C1,2,3 C4

01 C, ,5 kai C, gival cuvdedePEVOl O€ OEIPA ETTOPEVWG:

= L1253 Ca = BuF-6pF _
*  C,,,*C, o 12uF
B) O1 C, ka1 C, , 3 pEPOUV pOPTia ioa PE TO OAIKO POPTIO (CUVOEDEUEVOI OE OEIP).
Qs =0i23=0or = Q4 =CopV =
q,=3uF-12V=36uC,

H tdon ota dkpa tou C, givai:
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V=3 oy, =0KC gy
H tdon tou C1,2,3 Ba civai:
Vi3=V-V4 = V,,,=12V -6V = 6V.

Opwg n 1@0n Tou C; gival

V;=V,,,=6V
Kal TO QOPTIO TOU:

g; = CV; = Q; =4pF - 6V = 24pC.

Opoiwg n 1éon Tou C, , ival

V2=V 55 =6V
Kal TO QOpTiO qy »:

912=Ci, Vi, = qi,=2uF -6 V=12 pC.
O1 ukvwTég C, kai C, gival ouvoedepévol 0Tn oEIpd ETTOPEVWG:
g, =0, =0q;, = 12uC.

O1 tdoeig Toug C, kai C, gival avTioToixa:

V1=&:V1=%=4V,
C, 3uF
Vz_q_2:>V2=%:2V
C, 6uF

Epappoyn 11n

Ma ™ ouvdeopoAoyia Tou oxfnuarog divovral: C,=4uF, =C,=2uF, C,=12uF,
C,=20uF, C,=12uF kai V=12V. Na uttoAoyiocBouv 10 @opTio Kai n Tdon Kabe
TTUKVWTH.
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Auon
C,
C,
Cs Cq C,
%

ApPXIKG Ba uttoAoyIoTEN N OAIKH) XWPNTIKATNTA TG OUVOECOAOYIOG.
O1 C, kai C, eival ouvdedepévol TTapAAANAQ, ETTOPEVWG:

C.,=C,+C, = C,, =4 UF + 2uF= 6 yF.

To KUKAWUQ PeTaoXNUaTifeTal oTO:

C,
Cs Cs Ciz
\%
O1 C; kai C, , og oeIpd apa:
1 = i + 1 = 1 = C1’2 * C3
C1,2,3 C3 C1,2 C1,2,3 C1,2' C3
C _ C1,2'Cs _ 6uF-12uF N

= - =
"3 C,,+C, " BuF+12pF

Cio3 = 4uF

To KUKAWUQ PeTaoynuatifeTal oTO:
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O1 C,,,5 kai C, eival ouvdedepévol TTapAAANAa ETTOPEVWG:
Ci234=Cio3+ Cy = Cyp5, = 4uF + 20uF = 24uF.
To KUKAWWA peTaoYNUaTiCeTal 0TO

CS C1.2,3,4

O1 Trukvwtég Cy kai C 4,54 Eival ouvdedepévol Oog OgIpd dpa n oAIKr XwpenTi-
KOTNTA TNG CUVOEGHOAOYIag givari:

i:i+ 1 :;i:—c1‘2’3'4+C5 =
Ca Cs Ciass Cu CisuCs
C -C .
C, =234 %5 ¢ = 24uF -12yF =8
Ci34 +Cy 24uF +12pF

O1 C; kai C; ;534 £XOUV POPTIO i00 PE TO OAIKO POPTIO ETTOPEVWG:
U5 = Q1234 = Qor = CaV =
Qs = 8uF-12V = 96pC = q; 554
H tdon V; eivai:

=3 Ly, = 20UC gy
Cs 124F
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H 1don V,, 3, 8a givar:
Visza=V-Vs=12V -8V =4V

H tdon V, kai n tdon V, ,, €ival ioeg (C,, C,;,3 ouvdedepévol TTapaAAnAa)
ETTOUEVWIG

V,=4V ka1 q,=C,V, =
= ,=20uF-4V=80uC

Opoia V5=V, =V, 55, =4V

Qr23 = Ci2s* Vizss = Qi3 =4pF -4V =16pC

Etreidn) o1 C; kai C, , gival ouvdedepEVOl OE OEIPA Qs =y, = Qq23 = 16uC
ETTopévwg:

8 32
q;=Cy-V; = q, =4pF §V=?UC

8 16
9,=C,-V, = q,=2uF §V=?UC

Epappoyn 12n

O1 TTUKVWTEG TNG OUVOECHUOAOYIOG TOU OXAMATOG €XOUV TIG XWPNTIKOTNTEG
C,=3uF, C,=4uF, C;=12uF. Av n 1don, TToU TPOYOdOTEI TNV CUVOECUOAOYIQ, gival
V=10V va utroloyiocBouv:

a) H oAk xwpnTIKOTNTA
B) To @opTio KGBE TTUKVWTA

Auon
a) O uttoAoyiopdg TNG OAIKNAG XWPNTIKOTNTAG KE TN XPHON TS TTAPATTAVW
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C, c, C,

ouvdeouoAoyiag ival duakoAn. Ta onueia A,A kal I,B cuvdéovtal pe aywyoug
aonMavTNG avTioTaong €moPévwg gival BpaxukukAwpéva. OTwg ival yvwaoTo,
Ta BpaxUKuKAwPEVa onueia €xouv To id10 SUVAUIKO Kal OTnv oxediaon evog Ku-
KAWPATOG UTTOPOUV va TAUTIOTOUV dnAadr) TO TTPONYOUUEVO KUKAWUA UETAOXN-
paTideTal we €EAG:
1) ZxediddovTal Ta CNUEIA TOU KUKAWPATOG £TOT TTOU TA BPAXUKUKAWUEVA ON-
Meia va TauTidovTal.
A=A =B
® »
2) MapeuBarovral PeTAEU TwV onueiwy TTOU OXeSIAOTNKAV T OTOIXEIO TOU
KUKAWMATOG.
i) H TTnyA Tpo@odoaiag utrapxel yeTagu Twv A kai B.
» A=A =B @

ii) O C; petagu Twv Akai I
C,
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i) O C, petagu Twv I kal A.

| A=A r=B |

iv) O C; petagu Twv A kai B.

C,

Cs

ATIO TNV TeAeuTaia ouvdeopoAoyia yiveTal @avepod TTWG O1 TPEIG TTUKVWTEG €i-
val ouvdedepévol TTapdAAnAa. ETTopévwg

Ch=Ci+C,+C,
C, = 3uF + 4uF + 12uF
C,, = 19uF.

B) Ta @opTia Twv TTUKVWTWYV gival avTioToIxa:
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q,=C,-V = q,=3uF - 10V = 30uC
9,=C, -V = q, =4uF - 10V =40uC
9;=C;-V = q;=12pF - 10V = 120uC

Epappoyn 13n

Na BpeBei n oAIkr] xwpenTIKOTNTA TNG ouvdeauoAoyiag Tou oxnuartog. Aivo-
vrai: C, = C, = 3uF, C, = C; =6uF, C, = 7uF, C, = 7uF, C, = 5uF.

A Cs r C A
3 | 1
Ce Cs
% =c, = C, : =c,
B H z
Auon

ZUuewva pe 6oa avamTuxbnkav otnv e@appoyn 12, 1o 1608UVa0 KUKAWUO
MTTOpPEI VO KATOOKEUAOTEI WG €EAG:
i) TauTtidovTtag Ta BpaxukukAwpéva onueia B, H, Z

A r A Zz
® & ® &

I}
T
Il
w

i) H Tnyn utrdpxel yeTagu Twv onpeiwyv A kai B.

o
o5

A r
[ =]
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i) O C, petagu I' kai A, evw o C, petagu A kai Z.

A r C, A ) Z=H
© o 3} = 3
v
e
¢

iv) O C; petagu twv I kai Z.

A r C, A C, Z=H
® ] & )| ®
G,
i
v
r'/—_.\\'.
v) O C, yetagu I kai H.
C,
il
il
A r C, A C,
¢ 2 ] & }?———B@%
G,
L ¥
a1
v
¢

vi) O C; peta&u A kai T
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71

C,

Z=H=B |

il
LA

(]

vii) O Cg petagu A kai H.

(4]

C
)
71

i

Al

[ ]

viii) O C; petagu A kai B.

=H=B

A |

c,
A |
17

, W4

I

Cs
il
4]

A G
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210 TeAEUTAIO KUKAWHA gival gavepd TTwg ol C, kail C, cuvdéovtal oTn oeIpd.
Emopévwe:
_ 3uF-6uF _

=C,,= MO _ouF,
"2 3uF+6pF "

01 C,,, C; kai C, ouvdéovTal TTapaAAnAa . ETropévwg:
Ci234=Ci2+C3+Cy = Cyp54 =2uF + 7uF + 3uF = 12uF
01 C, 53, kal C5 ouvdiovTal o€ o<Ipd . ETTopEVWG:

_ Ci234- G _ 12pF-6uF _

C1,2,3,4,5 - C +C = Ui2345 = 12uF + 6UF
1,234 5 H H

4uF.

O1C, 3345, Cg kal C, ouvdéovTal TTapaAAnAa . ETTopévwg:

Cor = Ci2345 + Co +C; = C,, = 4puF + 7yF + SpF = 16pF

Epappoyn 14n

Avo TTukvwTEG aépa C, = 4pF kal C, = 6uF ouvdéovtal o€ oeIpd. ZTa AKpa
TOU cUOTANATOG eQapudleTal Tdon V=12V. Ztov C, eicdyeTal dINAeKTPIKO, OTTOTE
n Téon Tou yivetan V, = 4V . Na uttoAoyiaBei n SINAeKTpIKr) oTaBePd € TOU BinAe-
KTPIKOU.

Auon

O1 C, kai C, ouvdéovtal o€ oelipd apa



MYKNQTEZ 4 229

c,C
Cop =24 eC.C,
C+Ci=Ch=—-"2 (1)
, eC, +C,
C, =¢C,

Etreidn o1 TTukvwTég ouvdEovTal o€ OEIpA:
) (1)
gi =0, =0 = CyV =

._ €CC, .
=172 -y (2) Opw
g £C,+C, (2) Opwg

q,=C;V, =eC,V,; (3)
Ao 116 (2) ka1 (3) =

egv= %Y o hc =c,Y mec =c, Y C, =
eC, +C, V, V,
eC, =C, l-1 :£=& X-1 =
v, c, |V,
e :>£=§(3-1):>e=§-2:>£=3
4uF 4V 2 2

7-6. MpoBAnpara mpog AUoCN

1° ETiredog TTUKVWTNG £XEl XwpnTIKOTNTA C=4,7uF kai pépel popTio q=23,5uC.
Me 1To10 Téon TpoPodOoTEITAlI;
(5V)

2° o OTTAIoHOI €TTiTTEOOU TTUKVWTHA €Xouv euBaddv S=100cm? Kkal aTTéXouv
katd ¢ =1,77mm. O TTukvwTAG €&l popTtio g=0,5nC. MNdon eival n Tadon Twv
CZ

oTTAIopWY Tou; AiveTal €, = 8,85-1012 5
N-m

(10V)

3° Emimedog TTukvwTng éxel evépyeia W= 200pJ kai gopTtio q=200pC. O1 o1TAI-
opoi Tou TTUKVWTA atréxouv £ =1,77mm. Na utroAoyioBei 1o eupaddv Twv
CZ

oTTAIcJWY Tou. AiveTal €, = 8,85-1012 5
N-m

(200cm?)
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Emimredog TTUKVWTAG €xel xwpnTikoTnTa C=18uF Kai Tpogodorteital atrd
TNy ouvexoug peupartog ue taon V=10V. Evw o TTUKVWTAG €ival ouvde-
Oepévog PE TNV TTYR N aTOoTOON TWV OTTAICPWY Tou diTAacidletal. Na
uttoAoyicBouv:
a) H TeAIKR TIUA TG XwpenTIKATNTAG
B) To TeAIKG QopTio
y) H TeAIKA evépyeia

(9uF, 90uC, 450uJ)

Emitredog mukvwTrg aépa éxel xwpntikétnta C=3uF. O1 omrAIojhoi Tou
TTUKVWTNA €ival guvdedeuEvol JE TTNY OUVEXOUG PEUNATOS. To QOopTio TOu
TTUKVWTA gival q=27uC. O TTUKVWTAG aTTOOUVOEETAl ATTO TNV TTNYR Kal
aKOAOUBWG TO BIAKEVO TWV OTTAICHWY TOU TTANPOUTAI JE JOVWTIKO UAIKO OI-
NAEKTPIKAG 0TaBePAG €=3. Na uttoAoyioBouv:
a) H véa xwpnTIKOTNTA TOU TTUKVWTA
B) To véo goprio
y) H véa tdon
0) H véa evépyeia

(9uF, 27uC, 3V, 40,5 uJ)

TpeIg TTUKVWTEG £xouv XwpnTikotnTeg C,=3uF, C,=4uF kai C,=12pF. O1 TTu-
KVWTEG gival ouvdedeuévol o€ oglpd. H 1don otoug ommAiIcpoug Tou C, gival
V,=5V. Mdéon cival n Tdon 1po@odoaciag Tou CUCTANUATOG;

(10V)

Tpeig TukvwTég C=2uF kai C,=5uF kai C; ouvdéovtal TapadAAnAa. H didra-
&n Tpoodorteital e Tadon V=10V. To oAik6é @opTio TNG cuvdeauoAoyiag ival
0,=100uC. Na uttohoyioBei n xwpnTikoTNTa C,i.

(3uF)

Ma v ouvdeopoAoyia Tou oxruartog divovtal C,=2uF, C,=4uF kai C,=6pF.
C,=1,5uF, C;=2,5uF kai C;=3uF ka1 V=8V.

Na uttoAoyI00€i To QopTio KaI N TAON KABE TTUKVWTH.
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Ce

c, C.

C,

C, Cs
Vv

(q=2uC V=1V
q,=4uC V=1V
q;=6uC V=1V
q,~4,5uC V,=3V
qs=7,5uC V=3V
qs=12uC  V4z=4V)

9° Moo ivai To QOPTIO Kal TToIa n Taon KABE TTUKVWTH TNG OUVOECGOoAoyiag
Tou oxAuarog; Aivovral C,=5uF, C,=20uF ka1 C,=5uF. C,=1uF ka1 V=20V.

o C,

Cs

(q,=80uC V,=16V
q,=80uC V,=4V
qs=100uC q,=20uC)

10° na TN ouvdeopoloyia Tou oxnpatog divovral: C,=4uF, C,=1uF, C,=2uF,
C,=12uF ka1 n Tdon oTtoug oTTAIcoug Tou C,, V,=8V. Na utroloyiocBouv:

a) H oAk xwpnTikdTNTA TG OUVOECOAOYIOg
B) H tdon Tpopodoaiag
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v 1 (1,50F, 16V)

11 ° Na Bpebei n 0AIKr XwpenTIKGTTA TNS OUVSEGHOAOYIOC TOU OXAHATOC. Aivo-
vtal: C,=5uF, C,=20uF, C,=3uF, C,=6uF.

C, C, C, C,

‘ | (6uF)

12° >1n ouvdeopoloyia Tou oxAuaTog divovral: C,=20uF, C,=5uF, C,=14F,
C,=6uF, C,=3uF, Cs&=1uF, C,=4uF ka1 To @oprTio Tou TTukvwTA C,, q,=20uC.
Na utroAoyicBouv:
a) H oAIkr xwpnTIKOTNTA TNG ouvOEoUoAoyiag
B) To @opTio K&GBE TTUKVWTA
y) H 160N 1pogodoaiag

c, G, Cs

C,

] (Co=4uF q=20uC
G, G ¢, 9;=70uC, q,=qs=10uC
. . ' qs=20uC q,=80uC

V=25V)
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Eicaywyn

2Ta TTnvia ammoBnKeUeTal NAEKTPIKI EVEQYEIQ € LIOPQPH EVEPYEIQS LIAYVNTIKOU
mrediou. Orav ueraBdAAeral n évraan Tou peduarog mou SIappéEsl Eva TTnvio,
aTo TThvio gugavietal NAEKTPEYEPTIKN dUvaun amré autemaywyn. Ta xapa-
KTNPICTIKA £VOC TTNVIoU ekppalovral amrd 10 ouvreAeaT) autermaywyng. H
TIUN TOU OUVTEAEDTH aQuTETTayWwynNS VOGS TTNVIoU EQPTATAI ATTO TA YEWUETPIKA
XAPAKTNPIOTIKA TOU TTHViou Kai arrd TN @Uaon Tou UAIKOU arré 1o o1roio ivai
KaTaoKEUAoUEVOS O TTUPNVAC.

Ta mTnvia, O1TWCS Kai 01 TTUKVWTES, XPNOILOTTOIOUVTAl O TTOIKIAES EQAPLIOYEC,
OTTWG OTa GUVTOVICOUEVA KUKAWUATA, OTA NAEKTPOVIKA QIiATpa, OTa oUCTHLA-
Ta aVAPAEENS TWV QUTOKIVATWV.

2KOTTOC ToU KepaAaiou gival n karavonaon twv IGI0TATWY Twv TTNViwV Kai
TWV XAPAKTNPIOTIKWV TWV KUKAWUATWY TTOU TTPOKUTTTOUV QTTO QIAPOPOUS
ouvOUAOUOUS TTHVIWV.
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8-1. AsciToupyia 1Inviou — auTeEmMaywyn
270 KUKAWMA Tou oXAUATOG 8-1 évag AQUTTTHPOG TTUPOKTWOEWG gival ouvde-

OeUEVOC [E TTNVIO. ZTA AKPO TOU CUCTAPATOG Eival ouvdedEUEVN TTNYI CUVEXOUG
peUPaTOC HECW BIOKOTTTN O.

I))))))))))))

Zxnua 8.1. Orav kAgioer o diakorrn¢ 8, o Aautrripac avaBer, oradiakd

ApPXIKG 0 dIakOTITNG O PpiokeTal oTn B€on B, ommdéTe 0 AauTITApag dev QwTo-
BoAei. Otav o & To1mo8eTNOEi 0TN B€0Nn A, dIOTTIOTWVETAI TTWG N £VTACT TNG OKTI-
voBoAiag aufavel oTadiakd péExpl va @BAoel TN TENIKN TNG Tiur. AuTé onuaivel,
TTWG N €VTOON TOU PEUPATOG TTOU BIapPEEl TO KUKAwPA, auéavel oTadlakd PEXPI
va Tépel TN TEAIKA TNG TIPA. AKOAOUBWGS 0 BIAKOTITNG TOTTOBETEITAI ATTO TN B€0N
A otn 6¢on B. AlammioTwveTal TTwG 0 AGUTITPAS ofAVEl OTAdIAKA, TTOU ONUAIVEI
TTWG N éviaon Tou pelpaTog dev pndevifetal akapiaia aAAd otadiakd. To 611 TO
peUpa Kal oTIG OUO TTPONYOUNEVES TTEPITITWOEIG, OEV PTAVEI akaplaia oTn TEAI-
KA TIUA o@eileTal 0TO QaIvOpEVo TNG eTTaywyng. OTwg €xel AdN avagepbei oTo
EOWTEPIKO €VOC TTNViou dnuioupyeital yayvntiko 1redio, otav autd diappéeTal
atd pevpa (BA. Tap. 6-8). H évtaon Tou payvnTikou trediou egapTdrtal ammod tnv
évraorn Tou peupaTog (B =yl %).

AGyw TOU payvnTikoU TTediou atrd TIG OTTEIPEG TOU TTNVIOU UTTAPXEl PayvnTI-
KA por). Otav peTaBaAAeTal n €viaon Tou peUPaTog YETABAAAETAI N €vTaoh Tou
HayvnTikoU TTediou Kal TEAIKA PETOBAAAETAI N PayvNTIKA por] attd TIG OTTEIPES
TOU TTNVioU, ETTOMEVWG OTO TINVio gu@avifeTal Taon atd emaywyn. H emaywyikA
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TGon oUuPWva Pe Tov Kavova Tou Lenz £xel TETola popd WOTE va avTidpd oTa
aiTIa TTOU TNV TTPOKAAOUV. 2TN CUYKEKPIMEVN TTEPITITWON TO QITIO €ival N PETA-
BoAn TnNG évraong Tou pelpatog. ETTopévwg n emaywyikn 1a0n eugavideTar Ye
TETOIO TTOAIKOTNTO TTOU EUTTOdICEl TNV £vTAoN TOU PEUMATOG VO PETABAAAETAI Kal
auTd €xEl oav ATTOTEAECHA TNV JECOAARBNON KATTOIOU XPOVIKOU dIACTHHATOG [é-
Xp! auTh va @Bdcel otn TeAIKA TNG TIWA. To Qaivouevo autd ovopdaleTal aure-
maywyn €meIidn N YETABOAR TNG MAyVNTIKAG PoNG TTPOKAAgiTal atrd 10 idIo TO
KUKAwUQ.

evikéTepQ:

Q AuTteTTaywyr oOVouAZeTal TO QAIVOPEVO KATA TO OTTOI0 EMQAVICETAI ETTAYWYI-
KA Tdan o€ évav aywyo, otav HETARAAAETAI TO PEUUO TTOU TOV BIAPPEEL.
AtrodeikvUeTal OTI, N TAon ammd auteTtaywyn divetal atrd T oxéaon.

Al
vV =-L— 8.1
L= (8.1)

O ouvteAeoTAc avaloyiag TnG (8.1) ovouddleTal ouvreAearng auremaywyng. To
peiov o@eileTal oToV Kavéva Tou Lenz. H povdda Tou cuvTeAEDT) QUTETTAYWYNG

oto S.| givai To 1 Henry, To otroio opileTtal wg 1 %

8-2. ZuvTeEAEOTAG AUTEMAYWYRS

Mpétrel va onPeIwBel TTwg N auTeTTaywyn €ival Eva @aivOPeEVO ETTAYwYNG,
ETTOMEVWG N TIWA TNG TAONG ATTO AQUTETTAYWYIN TTOU EP@avieTal og éva TTnvio
otav petaBaAAeTal To pelpua, divetal atrd Tov vouo Tou Faraday. AnAadi:

AD

VL=-E (1)

n

AMG AD=A(BS) = AD=SAB => AD=SA [polg

] = AD=Sp,| % Al = (2)
ATIO TIG o)éoelg (1) kai (2) ouveTTdyeTal:

Sp, LAl
= -n—e
L
At

S Al
=V =-uyn’>=(3
L= Ho £At()

Opwg amé Tnv (8-1) V, = -L%tl (4)



236 ¢ KEDAAAIO 8

Or1 (3) ka1 n (4) éxouv Ta TTpwTa PEAN ioa, dpa kal Ta deuTepa. ETTopEVWG:
Al_, p2S4l
At ™" T At

L=pn’> (8.2)

21NV TTEPITITWON TTOU TO TTNVio €€l TTupriva oTn oxéon (8.2) AapBavertar uttéd-
wn Kai n hJayvnTikn dlamrepatotnTa Y4 ToU UAIKOU TOU TTUPAva, otroTte n (8.2) vi-
VETQL:

L =y, un? S (8.3)
l
A6 Tn oxéan (8.3) yiveral avepod, TTWG 0 CUVTEAECTAC AUTETTAYWYNG £€ap-
TéTal:
e AT Tn @UON TOU UAIKOU TOU TTUPAVA.
* A0 Ta YEWUETPIKA OTOIXEIQ TOU TINnVviou.
] . S .
Ag onpelwdei n opoidTnTa TG (8.3) Kai TNg C = g,6 —, TToOU divel TNV XwpNTI-
KOTATA ETTITTEOOU TTUKVWTH. ¢
ATIO TIG o)éoelg (1) kai (4) ETeTal:
LAI=nAD (5).
Etmeidn ®=0, étav =0 = LI=n®d =
L= ? (8.4)
H oxéon (8.4) atmmorteAei I006UVAUO OPICHO TOU CUVTEAEDTH] QUTETTAYWYNG.
AnAadn:

Q ZuvTeAEOTAG QUTETTAYWYNAS OVOPACZeTal TO TTNAIKO TNG OAIKAG PayvNTIKAG
PONG TTou DIEPXETAI OTTO TIG OTTEIPES TINViou, TTPOG TO PEUMA TTOU TO DIAPPEEL.

Me Tov 6p0 OAIKA payvNnTIK por| evvoeital o TrTapdyovtag nd.

8-3. ApoiBaia emaywyn

270 KUKAwpa Tou oxfuatog 8-2, duo Trnvia givalr TuAlypéva oTov idio TTu-
priva. 21a Akpa Tou €vOg, TO OTTOI0 OVOPALETal TTPWTEUOV, gival ouVOEDENEVN
TTNYR ouveXoUg PEUNATOG HECW POOOTATN. ZTa GKPA TOu AAAOU, TTOU OVOPACETal
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oecutepelov gival auvdedeuévo yalBavouetpo. Me tn BoriBsia Tou pooaTdTn [e-
TABAAAETAI TO PEUPA TOU TTPWTEVUOVTOG, OTTOTE DITTIOTWVETAI, TTWG N BEASVN TOu
YOABOVOUETPOU ATTOKAIVEI, TTOU onuaivel TTWG To deuTEPEUOV dlappEETal ATTO
pevua. Ta idla @aivoueva dIATTIOTWYOVTaAl OTaV TPoYodoTnBEi Je TNV TNy TO
OeuTepeliov Kal To YAABAVOUETPO ouvdeBei oTa dkpa Tou TTPWTEUOVTOG. To @al-
vOpEVO auTtd ovoudleTal apolfaia eTaywyr. AnAadn:

Q ApoiBaia eTraywyr dUo TTNViwy, TTou Bpiokovtal o€ oUleuén ovouadeTal TO
QAIVOPEVO KATA TO OTTOI0 gP@aviCETal ETTAYWYIKN TAON O0TO deUTEPEUOV TTNVIO,
oTav JETARAAAETAI TO PEUMA TOU TTPWTEUOVTOG KOl AVTIOTPOPWG.

H apoiBaia eraywyr] JeTagu dUo TTnviwy eEnyeital wg €EAG:

2T0 EOWTEPIKO TOU TTPWTEUOVTOG UTTAPXEI JayvNnTIKO TTedio, agou diappéeTal
ammo pevpa. O1 SUVAMIKEG YPOUMES TOU payvnTIKOU TTediou TOU TTPWTEUOVTOG,
MEow Tou TTUPAVA, BiEpxovTal Kal aTTd To deuTepeUoV (JayvnTIKA ouleuén). OTav
MeTaBAAAETaI N évTaCT TOU PEUUATOG OTO TTPWTEUOV, JETARAAAETAI KAI N €vTAOT
TOU HayvnTIkoU Trediou. ETTouévwg PETABAAAETOI KQI N PayvNTIKR por] atd TIg
OTIEipeG TOU BEUTEPEUOVTOG, UE ATTOTEAECHA TNV EUQPAVION ETTAYWYIKNAG TAONG.
O1wg atmodeikvueTal n 1don amd auoifaia sraywyn oTo dsutepedov givar ava-
Aoyn tou puBuoU ueTaBoAng Tou peUUATOC GTO TTPWTEUOV.

V, = -M% (8.5)

O oguvteAeoTng avahoyiag Tng (8.5) ovouddletal uvTeAEOTAG apolBaiag eTTa-
YWwyNg kal petpeitar ato S.1. ae Henry.

() (I

A s N
\Y P

2xnua 8.2. H uetaBoAn tou peduartog aTo mpwrelov TTPOKAAEI TAaN aT0 OEUTELEUOV
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O1wg Kal 0 CUVTEAEOTAG QUTETTAYWYNAG, £TOI KAl O CUVTEAEOTAG apoIfaiag
ETTAYWYNG MTTOPEi va op1oBei IcodUvapa we:

Q ZuvTteAeoTAG apoIaiag eTTaywyng dUo Tnviwy, TTou BpiokovTal o€ payvn-
TIKA 0U0Cgugn, ovouddeTal To TTNAIKO TNG OAIKNG JayVNTIKAG PONRG TTOU TTEPVE OTTO
1O deuTEPEUOVY, TTPOG TNV £VTACT TOU PEUPATOC TTOU BIAPPEEI TO TTPWTEUOV.

- n,®P,,
l,

M (8.6)

Av 10 TTpWTEUOV Kal To deuTepeUoV avTtaAlldEouv poioug, dnAadn av Tpogo-
dorteital To deuTepeUoV TOTE O OUVTEAEOTAG apoIBaiag eTTaywyrg diveTal ato Tn
oxéon:

= n®,,

M (8.7)

1,

8-3.1. ZuvTteAeoTég OULEUENG KAl OKESaoNg

Avo TTnvia Bpiokovtal o€ oTevh payvntiky o0deuén, 6Tav PEYAAO UEPOG TNG
MayvnTIKAS POAG, N OTToIa TTAPAYETAI OTO £Va, TTEPVA ATTO TIC OTTEIPES TOU AAAOU.
2Tnv avtiBetn mepimTwaon n ouleutn eival yaAapn.

Q BaBuog ouleuéng evog Trnviou wg Tpog éva aAAo ovouddletal To TTNAIKO
TNG MAYVNTIKAG PONG, TToU TTEPVA aTTO TO OEUTEPEUOV TTPOC TN OUVOAIKN pOr| Tou
TTPWTEUOVTOG.

(0)
k, =—2 (8.8)
12 q)1

Av TO TTPpWTEUOV Kal To deuTEPEUOV AVTaAAGEOUV pOAOUG 0 BaBudg ouleuéng
TOU TTNViou (2) wg TTpog 10 (1) KAt avaloyia givai:

K,, = % (8.9)
ATIO Tn oxéon (8.8) EtreTal:
® =k, D, (1)
Opoiwg a1é TNV (8.6):
P, = Ml (2).

n,
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ATTO TG ox€oelg (1) Kal (2) ouveTrayeTal:

M,
ek, ® > M= Ky, 2%

2 I1

- (3)

Me Spoio TpdTTo aTTé TIG OXEOEIS (8.7) Kal (8.9) atrodeikvUeTal:

n,®
AT ()

2

M=k

ATT6 TOV TTOAAQTTAQCIAO PO TWV OXETEWV (3) Kal (4) ocuveTTayeTal:

n,®, ][nZGJ2 (5).

l, l,

M? =k k,, [

0Py =L,, Kai n2|d>2 =L,, omdre n (5) yiverar:

1 2

ANG

M?=K; Kz L4L; (6).

O ouvteheotng k = /k,,K,, ovopadetal ouvteAeoTrg 0Ueuéng Twv dUo TINVi-
wv. H oxéon (6) TeAika yiverai:

M=k L, L, (8.10)

A6 T oxéon (8.10) yiveTal @avepd TTWG O CUVTEAECTAG apoIfaiag eTayw-
YA¢ egaptarai:
e AT Tn @UON TOu UAIKOU TOU TTUPK V.
e AT T YEWMETPIKA XAPAKTNPIOTIKA KAl TWV OUO TTNVIWV.

‘Evag GANOG CUVTEAEOTAG TTOU agopd Tn oUleugn dUo TTNviwyv €ival 0 ouvTe-
AeoTAG OkéSAONC.

Q ZuvTeAeoTng okEDOONG BUO TTNViWV ovouadeTal To TTHAIKO TOU HEPOUG TNG

PONG TOU TTPWTEUOVTOG TTOU OEV TTEPVA ATTO TO DEUTEPEUOV, TTPOG TNV TUVOAIKA
pOr} TOU TTPWTEUOVTOC.

¢10
0,=— (8.11)
12 ¢1
Kat avaloyia:
(0}
0, === (8.12)
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O1w¢ TTOAU €UKOAO ATTOBEIKVUETA:

k+o=1 (8.13)

8-4. Evépyela payvnTikoU mediou minviou

O1Twg 0 TTUKVWTAG atroBnKeUEel EVEPYEIQ OE HOPPN EVEPYEIAG NAEKTPIKOU TTE-
diou, €101 Kal €va TTNVIO ATTOBNKEUEI EVEPYEIQ OE POPQI EVEPYEIOG PAYVNTIKOU
mediou. ‘Eva mnvio, TTou £xel ouvTteAeoTn autemaywyng L, kai diapéetal atrd
peupa évraong |, €xel evépyela payvnTikou TTediou:

W =%LI2 (8.14)

8-5. ZuvdeopoAoyieg MTnviwyv

Ta tvia, 6TTwg o1 AvTIOTACEIG KAl Ol TTUKVWTEG, UTTOpoUV va ouvdeBouv pe
d1agpopoug TpoTTouG. O BaIKOTEPEG CUVOETHOAOYIESG cival n ouvdeauoAoyia
Tnviwv o€ o€ipd Kal N TapdAAnAn cuvdeouoAoyia rnviwv.

O OAIKOG CUVTEAEOTAG QUTETTAYWYNG OUVOECUOAOYIOG TTNViwV ovouddeTal o
OUVTEAEOTAG AUTETTAYWYNAG TTNViIOU, TO OTTOI0 OTAV AVTIKATAOTAOEI TN OUVOECHO-
Aoyia avatrtuoael Tnv idia TAon atTdé AQUTETTAYWYI YE TN cuvdeaoAoyia, yia Tov
id10 pUBNO PETABOAAC TOU OUVOAIKOU PEUNATOG.

8-5.1. ZuvdeopoAoyia Mnviwv o€ oeipd (Xwpig oculeudn)

Ta Tnvia piag ouvdeopoloyiag TTnviwv o€ oeipd, diappsovtal atrd TO idIo
peUPa. ZUPQWVA JE TOV OPICKO N OAIKF) aQuTETTAyWYr TNG cuvdeopoloyiag Ba
divetal atmd Tn oxéon:

Al

V=L°AE (1)

O1 tdoeig Twv TTnVviwy ivai:
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V, =L, H
At
Al
V,=L,—
2 2 At
Al
V,=L,—
3 3 At (2)
Vv—1 = Lv—‘l ﬂ
At
VV - LV H
At
L4 Lo Ly
V4 Vo Vi
\Y

Zxnua 8.3. ZuvdeauoAoyia nviwv o€ oeipa

OT1wg eival yvwoTo:
V=V, +V,+V, +...+V +V, (3)
A6 TIG o)éaeig (1), (2) kai (3) ouverTayeTal:

AL B B N B N
At At At At At At

Al Al
LC,AE=(L1 +L,+L, +...+L +LV)E:>

Lo=L,+L,+Ly+...+L,+L, (8.15)
8-5.2. MapaAAnAn cuvdeopoAoyia mnviwv

2NV TTapdAAnAn ouvdeopoloyia Trnviwy, 6Aa Ta TTRvia €xouv Tnv idia Tdon,
gival Opwg dIaPoPETIKOS 0 PUBPOG PETAPBOANG TOU PEUPATOG OTO KOBEVQ.
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O oAIKOG OUVTEAEOTAG aUTETTAYWYNG diveTal atro Tn oxEon:

V=L0Aﬂbﬁ=i (1)
MM L,

Zxnua 8.4. NapaAAnAn ouvdeouoAoyia mnviwv

O puBbubG PeTaBOANG TOU pEUPATOC YIa KABE TTnvio givat:

Al, _V
AL

Al, _V
AL,

Al, Vv
AL, {(2)
Al, Vv
AL,
Al, Vv

At L,

O1mrwg eUkoAa TTpokUTITEI ATTO ToV 1° Kavéva Tou Kirchhoff:

Al—ﬁ+&+%+"'+Alv—1+& (3)
At At At At At At
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ATIO TG oxéoelg (1), (2) kai (3) EmeTal:

e+ = (8.16)
L L1 L2 L3 I‘v-1 v
1_1 1 1 1 1
et — A —
L L L, L, L., L,

8-5.3. ZuvdeouoAoyia mnviwv oe oceipd (e o0leudn)

O 0AIKOG OUVTEAEDTHG QUTETTAYWYNG dUO TTNViwyv, TToU BpicKovTal 0€ Yayvn-
TIKA oUeugn, eTnpeddeTal atd TNV apoifaia eTTaywyn Twv dUo Tnviwy. ¥’ auTh
TNV TTEPITITWON 0 OAIKOG CUVTEAECTNG AUTETTAYWYAG diveTal attd Tn oxéon:

L, =L, +L, kL, +L, (8.17)

To BeTikG TTPOoNUO AauBdveTal, dTav Ol JayvNTIKEG POEG KAl TwV dUO TTNViwy
gival opdonUEG Kal TO ApvnTIKO OTNV AVTIOETN TTEPITITWON.

8-6. Epappoyég

Epappoyn 1n

Mnvio dlappéeTal atrd pelpa TToU PETABAAAETOI PE OTABEPO puBuod. H Tiun
NG évraong Tou peupaTtog atod |, = 3A yivetai |, = 1A o€ xpovo At = 2ms. Av n
Tdon atmod auTeTTaywyr oTto Trnvio gival V= 10V, va uttoAoyioB¢ei 0 CuvTEAEOTAG
QUTETTAYWYNG.

NAuon
H tdon amé autemmaywyn oTta dkpa Tou TThviou givai:

Al
Vio=-L— (1
= ()

ANG
Al=l,—1, (2)
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A6 TIg oX€oeig (1) Kai (2) EmreTal

VoLt WAL
At -1,
3
2 10V-2:10%s _ 0o

3A-1A

Epappoyn 2n

Mnvio éxer ouvteAeoT autemaywyns L=150mH kai diappéeTal amd peuua
I=2A. O apiBuodg Twv oTmrelpwyv Tou TTnviou gival n=100. Na uttoAoyicBei n pao-
YVNTIKA por, TTou JIEpXETAI aTTO KABE OTTEipa TOU TINVviou.

Auon
O ouvTeAeoTAG auTETTAYWYNG TTNViou diveTal atrd Tn oxEon:

L:@:(D:H:
I n

=150-10'3H-2A

o)
10°

=3mWb

Epappoyn 3n

Mnvio éxe1 ouvteAeoTr) autemmaywyns L = 100mH. O otreipeg Tou €xouv dia-
Tour S=0,5cm? kai To Yrikog Tou eival £ = 2cm. To Trnvio €xel n = 100 oTrEipeg.

Na utroAoyio6gi n payvnTikA dIaTTEPATOTNTA TOU TTUPAVA o= 41T 10”7 X—S
-m
Auon

O ouvTEAEOTAG QUTETTAYWYNAG O€ OUVAPTNON ME TA YEWHETPIKA XAPAKTNPIOTI-
KA Tou TTnviou €ivai:

L = py,n? % = L{=py,n’S =
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L/ _ 100-10°H-2-10%m
- .n2.S:> - V-s
Ho 417107 ~">.10%.0,5-10*m?
A-m
10*
:) IJ e —
T

Epappoyn 4n

Mnvio £xel n = 100 oTreipeg kal diappéetal atrd peupa | = 1A, omroTE N payvn-
TIKR por} TTou Trepvdel amd kaBe atreipa givar ®=4-10* Wb. Na utroAoyioBei n
EVEPYEIQ TTOU €ival ATTOTAUIEUPEVN OTO TINViO.

Auon
H evépyeia trnviou diveral atrd mn oxéon:

1
W=—LF (1
SLE ()

O ouvTeAeoTAG aUTETTAYWYNAG TOU TTnviou eivai:

ATI6 TIg o)éoeig (1) kai (2) EmeTai:
w=1"%e o w=lhoi=
2 1
1

W =§100-4-10'4Wb-1A =0,02J

Epappoyn 5n

Auvo Tnvia BpiokovTtal o€ payvnTikr ouleuén. OTtav 10 pelha OTO TTPWTEU-
ov PeTaBAAAETal PE OTOBEPO PUBUO OTO deuTEPEUOV EU@AVICETOI ETTAYWYIKA
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Tdon V,=90V. Av ouvTeAeOTAG apoIBaiag eTTaywyrg Tou ocuoThuaTtog givalr M =
100mH, va utroAoyio0¢i 0 puBPOG PETABOANG TNG £vTaACNG OTO TTPWTEUOV.

Auon
H eTaywyIkr) Tdon 1Tou egavicetal 0To deUTEPEUOV Eival:

V2 :Mﬁj&:ﬁ
At At M
AL 90

Ao 90 _gpf
At 100107 s

Epappoyn 6n

Mikpo trnvio pe n = 10 oTreipeg Kal cwAnvoeldEg gival TUNIypéva aTov idlo TTu-
priva oTTwg @aiveral oto axnua. O1 oTreipeg Tou cwANVoEIdoug £xouv eupadov

S = cm?. To owAnvoeldég éxel n* = 2:103 SLLI NP UTTOAOYIOBEi O GUVTEAEDTAG
m

apoifaiog eTaywyrng Tou oUuoTAPATOG. Aivetal n payvnTik dIoTTEQATOTNTA TOU

Trupiva u=1000. (1r?=10, Y= 41107 E)
Am

Auon

Av uttoTeBei TTwg 010 CWANVOEIdES dlafIBaleTal peUpa oTaBepng éviaong Iy,
TOTE 0 OUVTEAEOTAG auoIfaiag eTTaywyAg TOU CUCTAMATOG Ba givai:

nd,

M= (1)

1

61mou P, n pon TTou TreEpvAEl atrd KABE OTTEIpa TOU TTNViou.
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Etreidr) 1o pIkKpO TTNVIO BpiokeTal éoa oTo hayvnTIKO TTEdI0 TOU CWANVOEI-
0o0g, n d, Ba eivai:

®,=B,S (2)

61Tou S 10 £uPadOV KABe aTTEipag Tou CwANVOEIBOUG, TTou €ival i0o Ye To eupa-
OOV KABe oTTEipAg TOU PIKPOU TTnviou.

H évraon Tou payvnTikou 1Tediou TTou UTTAPXEI OTO E0WTEPIKO TOU CWANVOEI-
doug givai:

B1 = HHolin™ (3)
ATTO TIg o)€oelg (2) kal (3) EmTeTal:

®,=py, 1in*S (4)
A0 TIG oxéoeig (1) kai (4) EmTeTal:

M= MM NN - S

1

= M=py,Snn’ =

M=103-41T-10'7En-10"‘m2-10-2-103ﬂ=
A-m m

8mH

Egappoyn 7n

AUo Tnvia éxouv Ta €€AG XOPAKTNPIOTIKAG:

MnAkog, ¢, = 8cm kai £, = 2cm.

2T1reipeg, ny, = 80 kai n, =40

Eppaddv kabe otreipag S, = 1cm? kal S,=2cm? O TTuprvag Kail Twv 000 Trnvi-
wv gival atrod 1o id1o0 UAIKO TTou €xel JayvnTikA diatrepatotnTa u=1000. To ouoTtn-
Ma €xel ouvteAeoTr apoiBaiag eraywyng M=0,0071H. Na uttoAoyioBouv:

O ouvteAeoTAG 0UCEUENG KOl O OUVTEAEDTNG OKEDAONG TOU GCUCTANATOG.

Aivetal y,= 41'r'10'7':‘/—S
m

Auon

O ouvteAeoTAG apoIfaiag eTTaywyng TOU CUCTAUATOG gival:
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M

T (1)

OTTOU K 0 OUVTEAEDTNG OUZEUENG TWV TTNViWV.
O1 cuvTeAEOTEG QUTETTAYWYNG TWV BUO TTNVIWV avTioToIXa Eival:

M=K LL,

S S
L, = Uo“”ff (2) kai L, = poun’ 6_2 (3)
2

1

A6 TIG o)éoelg (1) (2) (3) émeTan:

K= M =

2 S, 2 S,
“opn1 7“0”“ f

M

K=
Mo,

EE

K 0,0071H _05

-4 2 -4 2
4107 VS 10°.80. 40\/10 m-2-10"m
Am 8.102m.2.10°m

O ouvteAeoTAG OKEDAONG TOU CUCTAUATOG Eival:
o=1-k = 0=1-0,5 = 0=0,5

Epappoyn 8n

Tpia mrnvia L,=2mH, L,=6mH kai L,=4mH cuvdfovTtal o€ ceipd. Katola xpo-
VIK] OTIYUA 0 pUBPOG PETABOANG TNG £vTAONG TOU PEUNATOC Eival % = 2A oI
s
gival n Tiyn TNG Tdong oTa AKPA TNG CUVOECHOAOYIAg OTaV TOTE;

Auon
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H 1don 1Tou Tpogodortei TN ouvdeauoAoyia eivai:
Al
V=L, — (1
oA At ( )
ETTe1dn ta mrnvia cival ouvOoedeuéva oTn O€Ipd, O CUVTEAECTAG AUTETTAYWYIG

TOU ouOTHUaToG Ba ivai:
Lao=Li+L+L; (2)
ATIO TIG oxéoelg (1) (2) EmeTat:

Al
V=L +L+Ll) — =
(1 2 3)At

V=(2mH+6mH + 4mH)2A =24mV
S

Epappoyn 9n

AuUo TTnvia éxouv ouvTeAEOTEG auTeTTayYWYNRGS L, = 3 mH kai L, = 6mH. Ta duo
Tnvia ouvdéovtal TTapdAAnAa kal Tpo@odoTtolvTal Ye Tdon. Karola oTiyur o
pPUBUGG pETABOANG TNG évTaong Tou peUPaTog oTOo L, gival: % = 24A Na uTro-

s
Aoyic0o0v:

a) O ouvTeAeOTAG QUTETTAYWYNG TOU CUCTANATOG

B) H miuA Tng Téong Tpoodoaiag dtav % = 24é

s
Y) O puBuog peTafBoAng Tng évraong Tou peluaTtog oTo L, otav % = 24A .
s

Auon

L+
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a) A@ou Ta TTnvia ouvdéovTal TTAPAAANAQ, 0 CUVTEAECTAG QUTETTAYWYNS TOU OU-
oTPaToG Ba diveTal atrd Tn oxéon:

1 _1 .1 1_L,+L,
—_— =t —= —= =
L, L, L, L LL,

LL, 3mH-6mH

B) H tdon Tpogodoaiag €ivai:

V=L1%:>V=3mH-24A=72mV
S

Y) Z1a dkpa Tou L, uttdpxel N Tdon Tpo@odoaciag ETTOPEVWG:
Al, Al

V:Lz_:>_2: —
AT At L, At 6mH s

Epappoyn 10n

MNa TN ouvdeopoloyia Tou oxAparog divovral: L, = 3mH, L, = 6mH, L; =

vV _ AL, _72mH_ A

20mH, L, = 5mH ka1 K&TToIa XpOVIKK GTIYMN % = 200A . Na utroAoyioBouv:
s

a) O ouvTteAeoTAG QUTETTAYWYNG TNG OUVOETOAOYiag

B) O pubudg peTafBoAng TNG €viaong kKal n Tdon o€ kKABe Tnvio, otav
Al, _ 2005 ]

At S Al A

y) H 1ipn Tng 1dong tpogpodoaciag étav T’f =200—.

s

Auon
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a) Ta mnvia L, kai L, gival ouvdedepéva TTapAAANAa TTOPEVWG:

LL, _ 3mH-6mH
12 = =L, =
L, +L, 3mH+6mH

2mH

ETTopévwg TO KUKAWMA PETAOXNKATICETAI OTO I00OUVALO:

L3

Lo
La

Ouoiwg 1a L, kai L, gival ouvdedepéva TTApAAANAa ETTOUEVWIG:

_ L, L = 20mH-5mH _

= =Ll,=—————=4mH
“ oL,+L, 7 20mH+5mH

To KUKAWWPQO PETAOYNUATICETOI OTO:

Ta Ly, ka1 L, €ival ouvdedepéva OTn OEIpd ETTOPEVWG:

L,o=L,+L; = L, =2mH+4mH = L, = 6mH.
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B) H tdon oTo L, Ba eivai:

2 T 2

V, =L %:VZ =6mH200§=1,2V

Emeidn 1o L, ka1 10 L, €ival ouvdedepéva TapdAAnha V=V, = V, =12V
= V1 = |_1 ﬁ = % = &
At At L,
Al _12V _400”
At 3mH S
O pububg petaBoAfg TNG OAIKAG évTaong Ba civat:
Al =ﬁ+£ ﬂ_200§+4005_6ooé
At At At At S S S

Emouévwg n tdon oTo L,, Ba eivai:

v34=|_34£tI SV, =4mH 600 2 =24V
S

AMAG eTTE10 Ly Kal L, gival ouvdedeuéva TTapdAAnAa
V3,=V,;=V,=2,4V
O1moTE 0 PUBPOG PETABOARG TNG évTaong Tou pelpaTog oTa L, kai L, uttoAo-

yifovtal wg €ENC

V:L%j%:ﬁ:&_ﬂ_']ZOé
7 At T At L, At 20mH s

kar v, =L, Do Bl Vs AL 2,4V _ 400 A
At At L At 5mH S

4

y) H 1d0n 1pogodoaiag civai:
V=V, ,+V,, = V=1,2V+2,4V=3,6V

Epappoyn 11n

O1 TINEG TWV CUVTEAECTWV AUTETTAYWYAGS TWV TINVIWV TG cuvdEToAoyiag

TOU OXAMOTOG gival;
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L,=2mH, L,=6mH, L,=12mH kaiI L,=4mH. Av n 1don oTto L, eival V,=4,8V. Na
utToAoyioBouv:

a) O ouvTeAeOTAC QUTETTAYWYNG TNG CUVOEGHOAOYIag

B) H tdon kai o puBudg petaBoAAg TnG éviaong o€ kABe Tnvio, étav V,=4,8V
y) H 1ign 1ng 1élong tpogodoaiag étav V,=4,8V

Lo

L3

Auon

a) Ta Tnvia L, kai L, €ivar guvdedepéva TTapAaAAnAa, ETTOPEVWIG

L.L .
L23=A: 23:M:4mH
L, +L, 6 mH+12mH
OTTéTE TO KUKAWWO PETAOXNMaTICETA:
L2s
| |
L4 Ly

Ta L, Ly kai L, givar ouvdedepéva aTn O€Ipd, ETTOMEVWG:

L=l L, 5+L, = Lo,=2mH+4mH+4mH=10mA

B) O pubusg % Ba cival

&:ﬁ:&:ﬂ:SOOA
At L, At  6mH s
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|3

Etreidn 1o L, givalr TapdAAnAo trpog 1o L, V,=V,=4,8V, o1rdTe 0 pubudg %t
givai

Al, _V, A, _48V _ A

o0 T8 =0 g0l

At L, At 12mA s

O pubBuég petaBoAng TNG OAIKAG évTaong Ba civat:

Ar_AL Al A _g502 44002 = 12002

At At At At S S S

Emeidn 1o L, 10 L, 5 ka1 L, €ival cuvdedepéva o oeipa:

al, —£—§—1200A

At At At

Al
Emopévwg V, = L1Kt1= 2 mH-1200% =2,4V

Al, A
KarV, =L, At_4 mH - 1200——48V

Y) H Tign Tng 1dong tpo@odoaoiag givai:
V=V,+V,3+V, => V=24V +48V+48V=12V

8-7. NMNpoBAnpara mpog AUoH

1° Mnvio €xel yAkog =211 cm, n=100 OTTEiPES KAl TTUPHVA PE PayvnTIKY dIaTTE-
patoéTnTa W=1000. To epBaddv k&be aTreipag Tou Trnviou givalr S=0,5¢cm?. To
pelpa Tou TInviou aufavetai pe oTabepd pubuod, oTmdTE OTA AKPA TOU TINViou
emayetal Tdon V=2V. Kdaroia xpovikf oTIyu n £€viaon Tou peUPOTOG TTOU
dlappéel To TTnvio eival 1,=2A. Na uttoAoyi06¢i n évraon Tou peUPaTOg PETA

xpévo At=10ms |y, = 41-10" A?/_s
i (44)

2° H payvnTiK pon, TTou Trepvael atmd KaBe aTreipa evac Tmviou, gival =0,01
Wb, étav diappéetar amd pevpa 1=1 A. To mnvio €xel n=100 oTreipeg.
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30

4o

50

60

To peupa TToU dlappéel To TTNVio ETABAAAETaI e oTABEPS PpUBNO, OTTOTE OTO
Tnvio emayetal taon V=100V. Na utroAoyioBei 1o Xpovikd didoTnua péoa
OTO OTT0i0 N €vTaon Tou peupaTog HETABAGAAETal kKaTd Al=0,1A.

(At=1ms)

Mnvio €ival oyoiduopPa TUAIYUEVO O€ TTUPAVA PE PayvnTIKA dIaTTEPATOTN-

OTIEIpE
Ta p=1000. To TMvio éxel N*=10° “—P° ka1 guvTeAeoT auTETAYWYIG
L=0,11H. Na utrohoyioBei o dykog Tou TTupAva |y, = 4m-107 AVS
‘m
(2,5:10*md)

‘Eva 1rnvio mou diappéeTal ammd peupa €xEl ATTOTAMIEUCEl EVEPYEIQ Uayvn-

TIKoU Trediou W=2-102J. H payvnTikr) porj TTou diépxeTal atmmd K&Be oTreipa
Tou TTnviou gival ®=0,02Wb. To trnvio €xel n=100 oTreipeg. Na uttoAoyioBei
n €viaon Tou pEUPATOG TToU dIappPEEl TO TTNViO.

(20mA)

Avo Tnvia €xouv ouvteAeoTéG auTeTmraywyng L,=20mH ka1 L,=80mH avri-

oToixa. Ta Tnvia Bpiokovtal og oUgeuén kal 6Tav OTO TTPWTEUOV N £VTaon
Al A

TOU peUPATOG HETABAAAETAI HE PUBUO K‘: = 125§ oTo deuTEPEUOV ETTAYETAI

Tdon V,=4V. Na uttoAoyioB¢ei 0 ouvTeAeoTAG 0KESAGNG TOU CUCTAMATOG.
(0=0,2)

Avo Tnvia BpiokovTal og gUleuln. ZT0 TTPWTEUOV, TTOU £XEI CUVTEAECTNA aAU-
Temaywyng L,=100mH, n €vraon Tou peupatog peTaBAAAeTal pe oTOBEPO
pubuo % =10° %.To deutepelov €xel n,=200 OTTEIPES KAl TO EPPABOV KABE
oTreipag gival S=1cm?. O TTuprivag Tou euTePEUOVTOG EXEI HAYVNTIKA dIATTE-

patétnTa P=50011. O cuvTeAEOTAG OKEDAONG Tou cuoThPaTog gival 0=0,1.
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Av n 1don TTOU £TTAYETAI OTO deuTEPEUOV gival V,=9V, va uttoAoyioBei 1O
MAKOG Tou BeuTepelovTog |, = 41107 A}/—S ™ = 10

‘m (8cm)

7° Aoo Tnvia Bpiokovtal og culeuén. Otav 1o TTpwTElOV dlappEeTal Ao PeU-
Ma ;=1 A, n JayvnTiKr por TTou TTEPVAEl ATTO TIG OTTEIPEG TOU BEUTEPEUOVTOG
givar ®=0,5mWb. H évtaon Tou peUPATOG OTO TTPWTEUOV AQUEAVETAI E OTA-
Bepd pubuo, otrdTE aTO deuTEPEUOV atrayetal Téon V,=100V. Av To TTpwTEU-
ov Katrola oTiyun diappéetal amd pevua 1,=3A, va uttoloyioBei n Evraon
TOU PETA Xpovo At=1mS. AiveTtal o apiBudg Twv OTTEIPWY TOU BEUTEPEUOVTOG
n,=100 oTTEipEg.
(54)

8° 1o KUKAwpa Tou oxnuarog, L,=2mH, L,=4mH ka1 L;=3mH. H 1tdon Tou L,
eivar V,=2V. Na utroAoyioBouUv:
a) O ouvTEAEOTNG QUTETTAYWYNG TNG CUVOETHOAOYIOG
B) H tdon kai o puBbudg ueTaBoAng TnG £€viacng Tou peUNATOC yia KABE Tn-
vio, étav V, =2V.

L1
(L, = 2mH
-2 v,=2 Bh_4p0A
L At S
3
V,=ay B_qp0A
At S
Al
v,=6v 2hoo.90° 4
At S

9° Tpia Tvia L,=3mH, L,=12mH Kai L, givar cuvdedepéva rapaAnAa. O ou-
VTEAEOTAG QUTETTAYWYNG TNG ouvdeapoAoyiag civar L=1,5mH. Na utroAoyi-
00¢i 0 ouvTEAEOTAG auTeTTaYWYNAS L.

(4mH)
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o 7 . , , ,
10° 0 OUVTEAEOTEG QUTETTAYWYNG TWV TTNVIWV TOU KUKAWPOTOG, TTOU QaiveTal
oTo oXAua, gival iool JeTagu Toug:

L, =L, =L, =L, = L, = 14mH

Katroia oTiyuA n 1don 1p0@od0aiag Tou KUKAWMATOG €xel TNV TIWA V=7V.
Na uttoAoyigBouv

a) O ouvTeAeOTAG QUTETTAYWYNAG TNG OUVOETHOAOYIag

B) O puBbudg peTaBoAnG Tou peuuaTtog o€ KABe TTnvio, 6tav V=7V.

L3

Ls L, L1

Al AI A
L, = 10mH, —~ =100—
At At S
ﬂ_ﬂ_QOOé ﬂ_500A)
At At At S

11°ra o KUKAwPA Tou oxnuarog divovral:

Al, A .
L,=20mH, L,=5mH, L;=2mH, L,=3mH kai E=1OOO— Na uttoAoyioBEi

0 puBu6g peTaBOAAG TOU peUATOG OE KABE TTNVIO.

L4
L3 ]
R (hmvr0?
L4 %_5.1035
— At S
% =10* éj
At S
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1 2° Na utohoyio6ei 0 GUVTEAEDTAC QUTETTAYWYAC TOU KUKAWHOTOC TOU OO
T0G. AivovTat:
L,=20mH, L,=15mH, L,=14mH, L,=10mH L;=5mH ka1 Ls=8mH.

Le L,

(12 mH)



KE®DAAAIO

ENAAAAZZOMENO PEYMA (A.C.)

Eicaywyn
270 KepAAaio aurd TTeplypapovTal BaoiKES EVVOIES Kal KUKAwaTa evallao-
OOUEVOU PEUUATOC.

2KOTTOC ToU KepaAaiou autou €ival, va KATavoroouv o1 abnTéc BACIKES
EWVOIEC TOU evaAAQOOOUEVOU PEUUATOS KAl T GUUTTEPIQPOPA TWV OTOIXEIWY
R, L, C oo evaAlaooduevo peuua KabBwg emmions Kai ouvouaoous autwy.

EmimAéov, va avamrru§ouv KPITIK IKQVOTNTA OXETIKA LIE TOV TPOTTO AVTIUETW-
mong KUKAwuarwv AC warTe va gival o€ 6éon va Ta EMIAUOUV.
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9-1. EVAAAGOOOHEVO PEUHA KAl XAPAKTNPIOTIKA TOU
HEYEON

Q Ovouddetal evaAANaoCOUEVO TO PEUPA TOU OTTOIOU N YopPd Kal N TIPA (EvTa-
on) peTapaAAovTal TTEPIOBIKA PE TO XPOVO.

Av n évtaon Tou PeUPATOG €ival NUITOVOEIBNG CUVAPTNON TOU XPOvou, TOTE
£XOUUE TO NUITOVOEIBEG EVOAAAOOONEVO PEUA, TO OTTOIO diveTal ATTO TN OXé-
on

. 21
i=1lp NP =y nuwt =1, - nu2Tft = |, - nu7t (9.1)

41TV

i: oTiydigia évraon, dnAadn n évraon Tou pEUPATOG OE OPICHEVN XPO-
VIKN oTiyun t.

lo: TTAGTOG, dNAADA N MEYIOTN TIMN TNG £VTOONG TOU PEUPOTOG.

T: mepiodog, dnAadr) o Xpdvogs TTou XPEIAZETal YIA MG OAOKANPN YETA-
BoAr Tng évtaong Tou peUPATOG.

f: ouxvotnTa, dnAadn o apIBudg Twv TTANPWY PETABOAWY TNG €vTa-
OoNgG Tou PEUPATOG OTN Jovada Tou Xpovou (Jovada ouxvoTnTag To
1 Hz).

w=211f: KUKAIKI cuyxvétnTa (Movada KUKAIKAG ouxvoTnTag 1o 1 rad/s).
¢=wt: oTiyplaia ¢aon, dnAadn n ywvia o€ opIoPEVN XPOVIKR OTIYUN t.

H ypa@ikn TTapdoTtacn Tou eVOAAQCOOUEVOU PEUUATOG PAIVETAI OTO OXAMO
9.1.

-lo

Zxnua 9.1. Huirovoeidég evarlaoaduevo peuua
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&= lNaparnpnocic

® 3TN OUVEXEIQ TO NUITOVOEIDEG EVAANOOOOUEVO peUa Ba ava@épeTal aTTAd
w¢ eVOAAOoOOUEVO peUa.

® Av Tn Xpovikr oTiyu t = 0 n @don ivail @,, TOTE N HOPPr} TOU PEUPATOG Eival
i = lonu(wt + @o).

9-2. EVaAAaoOOHEVN TAON KAl XAPAKTNPIOTIKA TG
HEYEON

Q Ovopaddletal evaAAaocoduevn Tdon N 10N TNG OTToIAC N TTOAIKOTNTA Kal N
TIUA TNG METABAAAOVTaI TTEPIOBIKA YE TO XPOVO.

Av n Tdon ival nuiITovogidng ouvdpTnon Tou XpOvou, TOTE EXOUUE TNV NMITO-
voeldn Tdon, n otroia diveTal atrd Tn OXEON
V=Vo-nu<p=Vo-nuwt=Vo-nu21Tft=Vo-nu2—"t (9.2)
T
o1ToU
v: OTIydiaia Taon, dnAadh n TGon o€ opIouEVN XPOVIKH OTIyun t.
V,: TTAGTOG, OnAad n PEYIOTN TIPA TNG TAONG.
T: mepiodog, OnAadr o Xpdvog TTou XpEeIAZeTal yia PIo OAOKANPN UETA-
BoAn Tng Tdong.
f: ouxvotnTa, dnAadr o apIiBUog Twv TTAAPWY PETAROAWY TNG TAONG
oTn Hovada Tou Xpovou (Jovada cuxvotnTag 1o 1 Hz).
w=2T11f: KUKAIK} ouxvoTnTa (HovAada KUKAIKNG ouxvotnTag 1o 1 rad/s).
¢=wt: oTiypiaia @aon, dnNAadA n ywvia o€ opIoUEVN XPOVIKA OTIVUA t.
H ypagikn TTapdoTtacn TG evaAAaoodpevng Tdong @aivetal oTto oxnua 9.2.

VA

Y/ Y S—

-Vo

2xnpa 9.2. Huirovoeidne evalAaoaouevn taon
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&= laparnphoeic

® 3TN OUVEXEIDQ N NUITOVOEIBNG EVOAAQTOOPEVN TAON Ba ava@EépeTal ATTAG WG
evaAAhaoodpevn Taon.

® Av n XpovikA oTiyuf t = 0 n @don cival ¢,, T0TE N JopPn TG EVAANACOOE-
VNG Taong gival v = Vonu(wt + ).

9-3. Napaywyn eVAAAAOCOTOHEVOU PEUHATOC -
EVOAAAOOOHEVNG TAONG

‘EoTw OTI yéoa o€ éva ouoyevEG payvnTikG TTedio (ayvnTIKAG eTTaywyng B)
BpiokeTal éva TTAQICIO PE N OTTEIPEG, TO OTTOIO PTTOPEI VO TTEPICTPAYPEI e OTAOE-
pr YWVIAKA TaxuTnTa w, OTTWGS QaiveTal 0TO TTAPAKATW OXAMA.

—— e —— N —

N

agovag

TTEPIOTPOPN
b

L —V

2xnua 9.3. MNepioTpoen TAaITiou yia Tapaywyn evaAlacoduevou peuuarog

Katd tnv mepioTpo@r] Tou TTAAIGIoOU PETABAAAETAI N PAyVATIKI POR TTOU TO
Olappéel UE ATTOTEAECHA VA DNUIOUPYEITAI OTA AKPO TOU £TTAYWYIKA HEA.

H pon tTou TTepvd aTTd TO TTACiCIO €ival:
®=B-S-ouvp=B-a-b-ouve (9.3)

OTTOU @: N ywvia PETALU TwV BUVANIKWY YPAMMPWY Kal TNG KABETNG eubeiag oT1o
TTAaiclo.
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Eteidn @ = wt, n oxéon (9.3) maipvel TN popen
®=B-a-b-ouvwt (9.4)

Me epappuoyn Tou v. Faraday (BAétre Keg. 6) amodeikvUeTal OTI, N AVOTITUO-
oopuevn HEA gival:

E=-%-n=B-a-b-n-w-npwt=E0-npwt (9.5)

OMoUE,=B-a-b-n-w
Av 10 TTAQiCIO OUVOEBET PE PIa aVTIOTAOT, WOTE VA OXNUATICETAI KAEIOTO KU-
KAwpa, T6TE N €vTaon Tou pEUPATOC ival:

i=—="0"_""""=| .nuwt (9.6)

E,

otmou |y = —
TTou |, R

Avaloya n Taon oTa akpa TG avtioTaong ivai:
v=i-R=1,- R nuwt=V, - nuwt (9.7)

omouV,=1,-R

9-4. Evepyog £évraon Kal EVEPYOS Taon

270 evaANaOoOOuEVO peUla, n TAoN Kal N évraon PMeTaBAGAAOVTal E TO XPOVO,
yI' auTto &€V PTTOPOUHE VA XOPAKTNPIOOUME £va peUa oUTE atrd TN OTIYUIAIa TIUN
TOU 0AAG oUTE aTTO TN PEYIOTN TIPA. 'ETON, €ipaoTe uTTOXPEWMEVOI VA XPNOIUOTTOI-
fiooupe TNV évvola TnG evepyou TIPNAG.

Tautdxpovo To BepUIKO aTTOTEAECHUA TOU peUNATOC e€apTdTal, ATTO TO TETPA-
YWVO TNG évraong Tou peupatog (P = 1?2 - R) kal KaTd GuvEéTTEIa €ival aveEdpTnTo
atrod TN @opd Tou. AuTd anuaivel 0TI Kal Ta evaAAaoaopEva pelaTa Beppuaivouv
TOUG aywyoug.

Me Baon Ta TTapattdvw, UTTPEE N avaykn €TTIAOYNAG MIOG OVOUAOTIKAG TIMAG
TTOU Ba eTTETPETTE TN OUYKPION ME AAAEG TIMEG, JE IO TIMA ouveXOUG PEUNATOG.

Q Evepyog évraon evog evaAANAOOOUEVOU PEUPATOS OVOUALETal N oTaBEPN
EVTAON TTOU TTPETTEI VA €XEI CUVEXEG PEUNA, TO OTTOI0, OTAV TTEPVA ATTO TNV idia
avTtioTacn, amodidel aTov idI0 XpOvo TO aUTO TTOCO BEPUOTNTAG UE TO EVOAAOC-
OOUEVO.
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ATtrodeikvUueTal 611 N evepydg évraon divetal atrd Tn oxEon:

L, ='—°2=0,7o7-|0 (9.8)

Q Evepyodg 1G0N €vog evaAAaCOOUEVOU PEUUATOC OVOPAZETAl N OUVEXNS
Tdon, n otoia, otav epapuodleTal oTa AKkpa Tou idlou aywyou, divel peUPa e
évraon ion Pe TNV evepyo €vraon Tou E.P.

ATtrodeikvueTal 0TI N evepydg Taon diveTtal atrd Tn oxéon:

v, =Y

&v

=0,707-V, (9.9)

i

9-5. AlavuoHaTIK] MapaoTaon EVAAAAOOTOHEVWYV
HEYEOWV

‘Eva evaAAaooduevo péyeBog ptmopei va TapaoTaBei oto eTTiredo xOy pe
éva d1Iavuoua, UTTO TIG TTAPAKATW TTPOUTTOBETEIG.

a) O aéovag Twv TETUNPEVWY OTTOTEAET TNV apXh TWV QACEWY KAl AapBAVETaI
WG aPeTNEia PETPNONG TWV PACIKWY YwVIWY. Katd Tnv apioTepr] ¢opd ol
ywvieg BewpouvTal BTIKES, EVW KATA TNV avTiIOETN ApvNTIKEG.

B) O d&&ovag Twv TeTayHEVWY ATTOTEAET TOV AEOVA TWV TTPOROAWY 1 TWV OTIY-
Hidiwv TIHWV.

Y) Kd&b6e péyeBog mmapiotavetal oto emmitredo xOy oav didvuoua, Aoxeta ammo
1O av gival i dev gival didvuapa.

8) To unkog Tou diavuouaTtog o€ KAtola KAipaka (Jovada pETpnang) €xel
METPO i00 pE TO TTAGTOG TOU eVOAAQGOOEVOU HEYEBOUG.

€) H ywvia mou oxnuari¢el 1o didvuopa Pe To BETIKO TTpayuaTiko agova eivai
ion pe TNV apxIKr @aaon @, Tou evoOAAACOUEVOU PEYEBOUG.

Me aAAa AOyia, Eva evaAAaooopevo peyebog, Tr.X. a(t) = A, - nu(wt+g,), TapI-
OTAVETAI PE £va DIAVUC A TTOU £XEI HETPO i00 PE TO TTAATOG A, KAl oXNUATICEl PE
TO BeTIKG GEOVA X ywvia @y. To SIAVUCHA QUTO TTEPICTPEPETAI UE YWVIOKH TaXU-
TNTA W, ion PE TNV KUKAIKF ouxvéTnTa TOU UEYEBOUG.

H ywvia ¢ mTou oxnuarTifel 10 didvuopa Pe To BeTIKO dEova Twv X augaveTal
OUVEXWG Kal UoTepa attd Xpovo t yivetalr @ = wt + @,. H oTiypiaia Tipr Tou givai
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a(t) = Ay - nu(wt+g,). AnAadn, ol TTPoBoAEG Tou dIavUCPOTOG OTO QAVTACTIKG
agova divouv TIG OTIVUIQIEG TIMEG TOU EVOAAACTOUEVOU PEYEBOUG.

OAa autd gaivovTtal oto oXAHa 9.4.

>
<

Agovag TTpoBoAwv

a(t)=Ao " nu(wt + @o) +

.l <] ®o | X»

/ Apxn paoewv

Zxnua 9.4. Aiavuouarikn mapaoracn evaAllacaoduevou ueyéBous

9-6. Baoikd KUKAWHATA OTO EVOAAAOOOHEVO PEUHA

H évtaon Tou pelpaTog o’ évav KatavaAwTh ¢apTtdral ammo Tnv epapuoloue-
vn Tdon Kal a1rdé TV AvTiIOTAON TOU KATAVAAWTH.
Ortav n epappoldpevn Ta0nN gival CuveXNG, N avTioTaon Tou KATavaAwTh gival
ion ME TNV WWIKA Tou avTioTaon.
Otav n epappolduevn 1a0n €ivalr evaAAacoouevn, N avTioTaon Tou Katava-
AWwTA €ival n avTioTaon evaOANACOOUEVOU PEUUATOG.
H avtiotaon evaAAaocoduevou peluaTog ival duvaTto va TTepIAaPBAvEl pia n
TTEPIOCOTEPES ATTO TIG AKOAOUBES QVTIOTACEIG:
* QuIkn avTtioTaon: To evaAAaooouevo peUpa TTapdyel oTnv avtiotaon Bep-
MOTNTA (TT.X. NAEKTPIKN BEpudoTpa).
* ETraywyikn avtiotaon: To evaAAaocoouevo pedua dnPIoupyei aTnv avTi-
oTaon éva payvnriké edio (Tr.x. TTnvio).
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* XwpnTIKA avtioTaon: To evaAAacoduevo pelua dnUIOUPYEI OTNV avTioTa-
on €va nAekTPIKG TTEdIO (TT.X. TTUKVWTAG).
O poodIopIGHOG TNG £vTAong TOU EVAAANACOONEVOU PEUUATOG TTPOUTTOBETEI
TOV UTTOAOYIOWO TNG QVTIOTAONSG EVOAAACOCOUEVOU PEUPATOS TOU KATAVOAWTH.

9-6.1. Quikn avrioraon oto E.P.

Av oTa akpa pia wHIKAG avTioTaong R epappooTei evaAAaocodpevn Tdon Tng
Hopeng v =V, - nu(wt + ¢,), TTapatnpouvTal Ta £EAG:
a) To pedpa TToU TTEPVAEl aTTd TNV R gival evaAAaooopEVO Pe ouxvoTnTa ion
ME TN ouxvoTnTa TNG TAoNG.

Y/
B) 10 TTAGTOG TOU EVAAAAOCOPEVOU PEUPATOG Eival |, = EO

Y) n Tdon kai n €vraon gival yeyédn oup@acikd, ETTOPEVWGS N HOPYPr TOU PEU-
MaTog givar i = I - nu(wt + @,).

210 oxNua 9.5 aivetal KUKAwua E.P. ye wuiki avriotaon R, kabwg emmiong
Kal N dlavuouaTiky TapdoTacn Twv EPPavIOPEVWY PEYEBWV.

A

y

—

Y
= nu(wteo)

Po _ X
0 R

Y

i = Vonu(wt+go)

Zxnua 9.5. KikAwua E.P. ue wuikn avrioraon

9-6.2. Nnvio oTto E.P.

Av oTa dkpa evog 1Idavikou Trnviou (dnNAadh Xwpig WHIKEG ATTWAELIEG) Qap-
MooTei evaAAaooopevn Tédon NG Hop@ng v = V, - nu(wt + @,), TTapatnpouvtal
Ta €€AG:

a) To pevua TTou Trepvael amd To Trnvio L gival kal autd evaAAACOOUEVO [E

ouxvoTnTa ion Je Tn ouxvoeTnTa NG Tdong.

B) To TTnvio TTapouacidlel avTioTaon TTou ovOUAZeTal ETTAYWYIKA avTioTaon

X, Kai diveral atré TN oxéon:,
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y) n Tdon TTpoTTopeUETal TNG EVTOONG TOU PEUNATOC KATA 90°, eTTOMEVWG N
Mop®r] Tou pelpaTog gival i = Iy - nu(wt+@,-90°) ue |, = Vy/wl
210 oxNua 9.6 @aivetal KUKAwpa E.P. pe Tnvio, kabwg etriong kal n diavu-
OMATIKA TTAPACTAON TWV EPPAVICOUEVWV PEYEDWV.

L y w

> Vo

V
i = L NH(wt+po—90°)
wLA

®o X

v = Vo nu(wt+@g) lo
Zxnua 9.6. KikAwua E.P. ye nvio (16aviko)

& lNaparnpnoeic
e [oxUel 0 vouog Tou Ohm yia Tn PEYIOTN Kal TNV evepyo TIUN, dnAadn:
Vo=wL I, V,=wL -1,

* Edv w = 0 (ouvexég peuua), n emaywyikn avriotaon eival X, = 0. ETroué-
VWG TO TINVIO CUUTTEPIPEPETAI WG PPOXUKUKAWMPG OTO GUVEXES PEUA.

® Av n ouxvotnTa yivel TToAU JeydaAn, n ETTAYWYIKN avTioTaon Yiveral €TTiong
TTOAU peydAn, pe ammotéAeopa va pnv repvd 1o E.P. Ta TTnvia autd ovoud-
(ovTal ATTOTIVIKTIKA ] OTPAYYAAIOTIKA, ETTEION ATTOKOTITOUV TIG UYWNAEG
OuUXVOTNTEG.

9-6.3. NMNukvwTng oTo E.P.

Av oTa akpa evog 10avikou TTUKVWTH (dNAadR Xwpic WHIKEG OTTWAEIEG) @ap-
MooTel evaAhacooduevn Taon TG MOoPPNRS v = Vonu(wt+e,), TaparnpouvTal Ta
€gng:

a) To peUpa TToU TTEPVAEI aTTd ToV TTUKVWTH C gival evaAAaoodpevo, e ou-

XvOTNTA iON PE TN ouxvoTNTa TG TAONG.
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B) 0 TTUKVWTNAG TTAPOUCIAEl avTioTAOT, N OTTOI0 OVOUACZETAI XWPNTIKA avTi-
otaon X kai divetal ammd Tn oxéon:
X = (9.11)
° wC '
Y) TO peUua TTPOTTOPEUETAI TNG TAONG KATA 90°, ETTOUEVWG N HOPPH TOU PEU-
MaTog gival i = |y - nu(wt + @, + 90°) pe I, = wC - V,.

210 OoXAPa 9.7 @aivetal KUKAwpa E.P. pye TukvwTh, kaBwg eTtiong kai n dia-
VUOUATIKA TTOPAoTAC TWV EPPAVICOUEVWY PEYEBWV.

C A
y

_—>
i = WC-Vy nu(wt+py+90°)

Y Po X

A4

v =Vonu(wt+eg)

Zxnua 9.7. KikAwua E.P. ue rukvwrn (10aviko)

& [Naparnphoeic
e [oxUel o v.Ohm yia Tn Y€yioTn Kal Tnv evepyo TIPN, dNAadN:
1 1

V= —-| V., =—|
0 (L)C 0 ev (.UC eV

e Av w = 0 (ouvexég peuua), N XwenTikr avtioTacon Teivel aTo dmelpo. Emoué-
VWG, O TTUKVWTAG OTO OUVEXEG PEUNO CUUTTEPIPEPETAI WG AVOIKTOKUKAWUA.

9-7. ZUvOeTa KUKAWHATA—-ZUVOETN avTioTaon

21NV TTPAEN Ta KUKAWMATO OTTOTEAOUVTAI OTTO TTEPICOOTEPA OTOIXEIQ KATAAAN-
Aa ocuvduaopéva, WOoTE va oxnuUaTifouv ouvBeTeg cuvdeToAOYiES, N avTioTaon
TWV OTToIWV ovopddeTal oUVOETN avTioTaon. To aTTOTEAECUA TNG CUVEPYATIOg
OAwv Twv oToixeiwv dev PTTopolue va To TTPORAEWoUUE TTapd YOVO PE UTTOAO-
ylopoUG.
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9-7.1. KikAwpa RL o€ osipa

Eotw kUKAwPa RL o€ ogipd TTOU TpOYOodOTEITAlI HE EVOAAACOOUEVN TAON. AV
V gival n evepyodg TIUA TNG TAoNS auTig Kal | n evepydg TIWAR TG £vTaong Trou
TTEPVA atmd 10 KUKAwG, TOTE n Tdon V avtiotabpiler duo Tpdyuara:

a) TNV TITWaon Tdong oTnv WHIKA avTtiotaon R, mou eival Vi = | - R kai n otroia
gival CUPQAOIKN PE TNV €vTaon.
B) TNV TTTWON TAONG OTNV £TTAYWYIKA avtiotaon wL, Tou gival V| = | - wL ka1 n

oTToia TTPOTTOPEUETAl ATTO TNV £VTAoHh TOU peupaTog Katd 90°.
ATreikovifovtag Ta heyédn diavuopaTikd (oTov opIovTIo dgova ToTToBEeTEITal
TO KOIVO PEyEBOG, OnAadn 1o pelua), TTPOKUTITEL

R L A
y
=
A/ Vv
\ |
1
@z X
V: evepydg TIUA 0 I WR

Zxnua 9.8. KikAwua RL oe asipa

%
Sl
JR? +(wL)’

Kal oUPQWVA PE To V. Ohm TTPOKUTITEI OTI 0 6pOg +/R? +(w L)2 aTroTeAsi TN
oUVBeTN avTioTaon Z Tou KUKAWPATOG. AnAadn, Z = |R? + (w L)2 .

H diag@opd @dong peTagl TGong Kal EvTaong gival @, Kai IoXUEL:
V. _llwL _wL , . . .
EQQ, = v IR R OTTWG Paiveral Kal Ao Tn SIAVUCPATIKN TTapAoTacH.
- .

Ta oTiydiaia uey€EBn TOU KUKAWPOTOG EUKOAQ TTPOKUTITOUV Kal Eival:

VZ=V2+V2 = [RZ + (wl_)z]

A
==L wt 9.12
Z nu ( )
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Kal
VR=lo - R nu wt

v =l wL - nu(wt+90°) (9.13)
V=V, nu(wt+9,)

& llaparnpnoeig

e A6 Tig oxéoelg (9.12), (9.13) kai atrd Tn dlavuopaTikr) TTapAcTOoN TWV JEYE-
BWvV CUUTTEPAIVOUNE OTI:

® n TAON TTPONYEITAI TOU PEUPATOG KATA Ywvia @,, TIPAYUA TO OTTOI0 CUNQWVEI
ME TOV ETTAYWYIKO XOPAKTAPA TOU KUKAWUATOG.

® 1O PEYEDBN I, Vi €ival CUPQACIKA, TTPAYMA TO OTTOI0O CUMQWVEI PE TO ATTOTEAE-
ouara g Tapaypdeou 9-6.1.

* 1O ueyEON I, V, diapépouv katd 90°, TTpAyHa TO OTTOI0 GUUQWVEI JE TA OTTOTE-
Aoparta Tng TTapaypdgpou 9-6.2.

9-7.2. KikAwpa RC o€ oceipa

‘EoTw kUKAwpPa RC o€ ogipd TTou TpoodoTteital e evaAAacgoduevn Taon. Av
V gival n evepydg TIPA TG TAONG Kal | N evepyodg TIWA TG évTaong TToU TTEPVA
atro 10 KUKAwa, T0TE N Tad0n V avriotabpicer dUo Tpdyuara:
o) TNV TITWON TAoNg oTNV WHIKN avTiotaon R, Tou gival Vi = | - R kai n oTroia
gival CUPQAOIKA JE TNV éviaon. 1 1
B) Tnv TITWON TAGONG OTNV XWENTIKA avTioTaon —=, Tou €ival Vo = | - —
Kal N oTToia £1TeTal TOU peUpaTog katd 90°. we
ATtreikovifovtag Ta peyédn diavuouaTikG (oTov opIdovTio dfova ToTToBeTEITal
TO KOIVO péyeBog, dnAadn 1o peUua), TTPOKUTITEL

A

R C y
o
I VR X
0 %z g
1
I
Vel o> !
\Y,
V: evepyog TIUA

Zxnua 9.9. KikAwua RC oe agipa
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-V
2, (1 v
R*+ ()

1
Kal CUPPWVA PE TO V. Ohm TIPOKUTITEI 6TI 0 Opog /R? + (E)2 arroTeAei TNV

1
oUVOETN avTioTaon Z Tou KUKAWUATOG. Anhadn, Z= ,/R? + (—)2

wC
H diagopd @dong peTagl TGong Kal €viaong gival @, Kal IoYUE:
s
€ = & = _UJC = —1 A i A A 2
P, OTTWG Qaivetal kal atréd T dlIavUCUATIKA TTapdoTaaon.

V. 'R  wCR

Ta oTiydiaia uey€Bn TOu KUKAWMPOTOG EUKOAQ TTPOKUTITOUV Kal Eival:

V
i=— nuwt 9.14
5 Ul (9.14)

Kal
Vg =l - R - nuwt

1 o
Ve =IO-E-np(wt-90 ) (9.15)
v =V, - nu(wt - ¢,)

&= lNaparnpnoeic

A6 TIC oxéoelc (9.14), (9.15) kol atrd Tn SIAVUCUATIK TTAPACTACH TWV HEVE-

Bwv ouuTTEPAiVOUE OTI:

® n TAon £TTETAI TOU PEUPATOG KATA Ywvid @5, TTPAYUA TO OTTOI0 CUUPWVEI UE TO
XWPNTIKO XAPOKTAPA TOU KUKAWNATOG.

® 1O YeyEdN |, Vi €ival cuP@ACIKA, TTPAYHA TO OTTOI0 CUMQWVEI JE TA QTTOTEAE-
ouarta TnG Trapaypdeou 9-6.1.

® T pey€dn |, V. diaépouv katd 90°, Tpdyua TO OTTOI0 CUMQWVEI JE TA OTTO-
TeAéoPATa TNG TTapaypd@ou 9-6.3.

9-7.3. KUkAwpa RLC o€ oeipa

‘EoTw KUKAwpa RLC o¢ oeipd 1Tou Tpogodorteital pe evaAAacoduevn 1aon
v = Vonu(wt + @). Av V gival n evepyog TIPN NG Tdong Kai | n evepyog TIPn NG
évraong Trou Trepvael atrd 10 KUKAwMa, 161 N 1don V avtiotaBuidel Tpia Tpdy-
gara:
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o) TNV TITWON TAoNG 0TNV WHIKN avTiotaon R, 1Tou gival Vg = | - R kai n oTroia
gival CUPQAOIKL PE TNV £vTaon.

B) TNV TITWON TAONG OTNV ETTAYWYIKN avTioTaon wL, Tou givar V| =1 - wL kai
N oTroia TTPOTTOPEUETAl ATTO THV €vIACTN TOU PEUUATOG KaTd 90°.
Y) TNV TTTwon 1dong otn XwenTikn avtiotaon 1/wC, tou gival Vo =1 - 1/wC

Kal N oTroia £TTETAI TNG €vTAONG TOU peUaTog Katé 90°.

ATreikovifovtag Ta peyéBn diavuopuaTikd (oTov opIfOVTIO dgova TOTToBETEITA
TO KOIVO péyeBOg, dnNAadn TO pelpa), TTPOKUTITEL:

R L c y (Vi> Ve)
- . W | S v
i
Vi-Ve
X\
5 >
Ve
V: evepyog TIUA
Zxnua 9.10. KbkAwua RLC o¢ ocipd
\%

w

2
V2= VI (V -V ) =|{R2+(wL-LC] }:|=\/

1 2
R? +[wL-)
wC

2
Kal oUuQwva ue 1o v.Ohm TTpoKUTITEl 0TI 0 OPOG \/Rz + (wL - LC) ATTOTEAEI TN
ouvBeTn avrtioTaon Z Tou KUKAWJATOG. w

H dlapopd @dong petagl Taong Kal Eviaong ival @, Kai IoXUEl

lol-lo— L

L™ Ve _ wC _ wC
Vi I-R R
OTTWG aiveTal Kal 0TN dIOVUCUATIKA TTAOPACTOOoN.
Ta oTiypigia HeyEBN TOU KUKAWMPOTOG EUKOAX TTPOKUTITOUV Kal Eival:

€Qp, =

i=%npwt (9.16)

Kal
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Vg = lo - R nuwt

V=l - WL - nu(wt + 90°)
| (9.17)
— 0 o
Ve = —— nu(wt - 90°)
wC

v =V, nu(wt + ¢z)

9-7.4. ZUVTOVIOHOG OEIPAg

To kUkAwpa RLC oeipdg Tou oxnpaTtog 9.10 gival ywvwaoTd Kal wg KUKAWMA
OUVTOVIOMOU Kal £XEl TTOAEG EQapUOYEG OTNV TTPAEN.
O1wg Tpoékuye, n dlagopd eaong HETAEU TAoNG Kal peUNATOG Eival

wL - L

£QO, =TwC (9.18)

°Av wlL- &; > 0, To KUKAWMO TTOPOUCIAZEl ETTAYWYIKA CUMTTEPIPOPA, KOBO-

TI ¢, > 0, KAl CUVETTWG N TAON TTPONYEITAI TOU PEUPATOG KATA ywvid @,.

° Av wL-LC < 0, T0 KUKAWUO TTaPOUCIAZEl XwPNTIKA CUUTTEPIPOPA, KABOTI
w

@7 < 0, KaI CUVETTWG N TAON ETTETAI TOU PEUPATOS KATA ywvid | @, |.
e Av wL-LC = 0, n Tdon kal To pedua cival HeyEBN OUPPATIKA, KABOTI
w

@, = 0, Kal TO KUKAWMO €XEI WHIKA CUPTTEPIPOPA. TO QaIVOUEVO AQUTO OVOUACLETOI
OUVTOVIOMOG. H ouxvoTnTa OTNV OTToia €MTUYXAVETAI OUVTOVIOUOG BpiokeTal
ato TNV TTaPaKATW £&icwon :

1 1

SW,=——=f,=
° Jc " ° 2mlc

Lw, = (9.19)

w,C
& [lNaparnpnoeic

Katd 1o ouvToviouo TTapaTtneouue OTi:
® H ouvBeTn avrioTtaon Traipvel eAAXIOTN TIUA

Z, =[R2+ (WL -1/ w,C)’ =R.

® H £vtaon Tou peuPaTog TTaipvel PEYIOTN TIUA
— VO
"R+ (Wl -1/ w,C)

=V, /R.
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® H tdon kai n évraon ival uey£dn ocup@acikd.
* H tdon ota dkpa Tou Trnviou givai:

Y v,

Vo=l olw, =2Llw, = =Q, -V,
L max 0 R 0 RCU)O m 0
oTToU Q, = Lw, __ 1 (9.20)
R  w,.CR

To Q,, ovopadetal ouvTeEAEOTRG TTOIGTNTAG TOU Trviou. O cuvteAeoTng QTT
dnAwvel 611 n Tdon oTa Akpa Tou Trnviou gival Q,, opES TNV Taon TPoPodOaiag.
To @aivépevo auTod ival ywwoTd we UTTEPTACT) KATA TO GUVTOVIOUO.

O1 1doeig oTa AKpa TWV OTOIXEIWV YivovTal JEYIOTEG KOl AEyOVTal UTTEPTACEIG.
210V TTUKVWTA gival duvaTdv n utréptacn va dIaTpuTTHoEl TO INAEKTPIKG Kal va
TO axpnoTéwel. Auté Aaupavetal coBapd utTown OTa KUKAWMNOTA TOAQVTWOEWV.

270 TTAPAKATW OXAUa @aivovTal ol JETABOAEG TG oUVBETNG avTioTaong Z Kal
TOU peupatog | cuvapTioel Tng ouxvoTnTag f.

A
zZnl -
\ Vo +\/f@

f, f

0 auxvetTnTa
guvTOVIOUOU

2xnua 9.11. MeraBoArn¢ twv Z kai | ouvaprroel the auyvornrag f

IS1aiTepn onuagia otnv TTPAEN £xel TO TTOOO OTEVH €ival N KAUTTUAN OUVTO-
VIOMOU OTNV TTEPIOXI KOVTA OTh OUXVOTNTA CUVTOVIOHUOU. AUTO EKTIMATAI WE TN
{wvn diéAeuong 1 {wvn cuvtoviopou Af Tou KUKAWMATOG, TTou BiveTal aTro T
oxéon

Af =1, —f, (9.21)



ENAAAAZZOMENO PEYMA (A.C.) ¢ 275

otrou f, kai f, gival o1 ouxvoTNTEG OTIG OTTOIEG TO pelpa | TTaipvel TIUR ion pe

1
_Imax = 0’707 ’ Ima><
V2
(N
Y
max— R
Imax
V2

Y

0 fof

Af

2ynua 9.12. Zwvn diéAsuong

AtrodeikvueTal 0TI PeTagu TG duvng diEAeuong Af kal Tou ouvTeAeOTA TTOI6TN-
106 Q 10XVEI N oxéon:

Af = o (9.22)

Q

onAadn, yia opiopévn ouxvoeTnTa ouvtoviouou f, n duvn diEAeuong gival T6CO
MIKPOTEPN (TTIO OTEVA KAWTTIUAN) 0G0 PEYOAUTEPOG €ival O OUVTEAEOTAG TTOIOTN-
106 Q.

9-7.5. KUkAwpa RLC mapaAAnAa
‘EoTw KUKAwpa RLC trapdAAnAa 1mou Tpo@odorteital ye evalhacooduevn
Tdon. Av V gival n evepydg TIPN TNG TAong Kai | n evepydg TIPN TNG €vTaong TTou
TrepvdAel ammd 10 KUKAWMA, TOTE TO pelpa | avTioTaBuilel Tpia TpdyuaTa:
o) TO peUpa OTNV WHIKN avriotaon R, Tou eival |, =% Kal TO oTroio eival
OUM@ACIKO JE TNV TAoN.
B) T0 pevpa oTnNV eTTAywWYIK avrtiotaon wl, Tou eivar |, = il_ KAl TO OTT0i0
EmeTal TNG TAONG KaTd 90°. w
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y) 70 pedha OoTN XWENTIKA avTiotaon % Tou €ival I; = w C - V Kkai 10
w
OTTOIO TTPOTTOPEUETAI TNG TAONG KaTd 90°.

ATreikovifovtag Ta peyédn diavuopuaTikd (oTov opIfOvTIo dfova ToTToBEeTEITal
TO KOIVO pEyeBOG, dnAadr n Tdon), TTPOKUTITEL:

R yAL
i (Ic>11)
R . L Ic A
I
[ |
ic| ¢ lc— L&
0 I
[
L ILy
V: evepyOg TIUA
Zxnua 9.13. KikAwua RLC mapdAAnia
2 1 1)
P+ (lc-h) :VZ'{E*(‘“CE”
. . . . 1 ,
Kal cUP@wva Pe 1o v. Ohm trpokuTrTel 6TI 0 6pOg - QATTOTEAEI
1 1
TN oUVOEeTN avTioTaon Z Tou KUKAWPATOG. \/ R2 + (‘*’C ) ij
H dia@opd @daong petagu pelpaTog Kal TAoNng gival ¢, Kai IoXUE:
—c 'L wL — w
E(P(Pz IR ! 1
R R

OTTWG @aiveTal Kal oTn SIGVUCUATIKA TTapAcTOOon.
Ta oTiypigia HEYEBN TOU KUKAWMPOTOG EUKOAX TTPOKUTITOUV Kal Eival:

v=V; - nuwt (9.23)

Kal
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Y
Ir ? nUwt
_ Ve 5

L (wt-90°) (9.24)

ic = WC-V, - nu(wt+90°)
= lo - nU(wt+e,)
9-7.6. MapaAAnAog ocuvToVIOHOG (AVTIOUVTOVIOHOG)

To KUKAWMA TOU TTAPAKATW OXAMATOG €ival yvwoTO WG KUKAWUO TTapaAAn-
Aou cuvTtoviopoU ( avTiouvToviopou). AtroteAsital atrd évav IDAvIKO TTu-
KVWTA Kal éva Trnvio TTou TTapoudciddel Kal WUIKA avTioTaon TTOAU JIKPA.

Av V gival n evepydg TIuR TNG TA0NG Kai | n evepyog TIPK Tou pEUPATOG TTOU
TTEPVAEl aTTO TO KUKAWA, TOTE TO peupa | avTioTaBuicsl dUo TTPAyHaTA:

o) TO peUpa OTO TINVio, TToU €ival | = v Kal ETTEITA TNG TAONG KATA
, , wl R® +(wL)’
ywvia @, otrou Q@ = R
B) TO0 pelpa oTOV TTUKVWTH, TToU €ival I = w C - V Kkal TTponyeital TG Tdong
katé 90°.
ATreikovifovtag Ta peyédn diavuouaTikd (oTov opIovTIo dgova ToTToBEeTEITal
TO KOIVO péyeBog, dnAadn n Tdon), TTPOKUTITEL:

R L yA
——— (XwpnTIKA oUpTTEPIPOPA)

[
I
‘% A
i C Ic .

\
v

I

V: evepyog TIuR
Zxnua 9.14. KukAwua mmapdAAnAou cuvroviouou

YmoBétoupe 611 Ta oToixeia R kai L diatnpouvtal oTaBepd Kal ETTOUEVWG TO
I, eival o1aBepd. MeTadAlovTag Tn XwenTiIKOTNTA C, METABAAAETAI N XWPENTIKNA
avTioTaon, apa Kal n €vTaon Tou peUNOTOoq ..
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‘ET01, 6TaV N XWPNTIKOTNTA C eAATTWVETAI, QUEAVETAI N AVTIOTOON TOU TTUKVW-
TA KAl KATA oUVETTEIQ EAAATTWVETAI N évTaon |.. TauTdxpova eAATTWVETAI KAI TO
peupa | KaBwg £TTioNG KAl N YwVid @.

MNa opiopévn TIP Tou C 10 OAIKO pelpa YiveTal CUPQAOIKS Pe TV TAon (@, =
0) kan Traipvel TRV eAayioTn duvath TIPA |, (BIOTI N KABETN gival PIKPOTEPN aTTO
KGBe TAdyia). Av n xwpnTikéTNTa C eAaTTWOET KON TTEPIOTOTEPO, apXilel Kal
TTAAI N al&non Tou PeUPATOG, OAAG PE ETTAYWYIKO XOPOKTAPA.

Q AEpE o1 Exoupe TTAPAAANAO CUVTOVICHO OTAV N £€VTOCT TOU PEUUATOC TTaip-
vel Tnv eAdxiotn Tipn (l.,,) Kai €ival CUPQACIKN We Tnv Tédon V.

A

y

Zxnua 9.15. Aiavuouariké didypauua arov mapdAinAo auvroviouoé
H ammairoopevn TipnA XwpenmikdétnTag C yia Tov TTapAAANAO GUVTOVIGUO TTPO-
KUTTTEI iON ME

L

H cuxvotnTa cuvToviouoU TTPOKUTITEN ion WE:

1 /1 R?
f=_ | LR 9.26
o om\LC L2 (9.26)

Kal n eAGXI0TN TIYA TOU PEUUATOG

V-R

PR S (9.27)
R? +(w,L)’

Kai eTeIdn R? << (wL)?, TpooeyyioTikd Ta f, kai |, divovtal atmd TIG OxXEOEIg
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e 9.28
b= omiic (9.25)
VR

(woL) (9.29)

H ouvBéTn avriotaon Traipvel Tn peyioTn TIPA Kai divetal atrd T ox€on

z =Y -@.R=qwL (9.30)
|

w,L
R
To @aivouevo TNG avaTTugng PEYAANng avtiotaong Z ., Katd Tov TTapdAAnAo
OUVTOVIOPO OVOUAZETAl UTTEPAVTIOTAOT).
Eg@ooov utroBéoape 611 N R gival TTOAU pikpr}, Ta peupata |, kai l; givar ioca kal
divovtal atrd T oxéon:

omou Q, =

| =l,=Qm-l, (9.31)

Etmopévwg, otov TapdAAnAo cuvToviopd Ta pelpata | kai | gival Q,, popég
MeyaAUTEPa atTd TO EAAXIOTO PEUMA |, TO QaIVOUEVO QUTO OVOUAleTal UTTEPE-
vTaon.

270 TTapaKdATW oXAMa @aivovTal ol JETABOAEG TNG Z Kal Tou | cuvapTACEl TNG
ouxvotnTtag f.

zil]
|
Zmax \
Zmax A2 \
Zmax Av2 1y
_‘/? min
Imin
4 z
f;
0 fi fo b g
Af
E—

Zxnua 9.16. MeraBoAn twv Z kai | cuvaprioer 1n¢ ouxvorntag
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f
MNa 1n dwvn di€Aeuong 1oxUel Kal TTAAI n oxéon Af = f, — f, = Q_O aAAd o1 ou-

xvotnTeg f, kai f, avtioToixoUv oTNV TTEPITITWON QUTA OTa or]pei(;(r 0,707 Z,x N
o0 V2 - lin = 1,41 - |, OTTWG @aiveTal o1o oxAua (9.16).

9-8. loxug oro EvaAAacoopevo Peopa-Tpiywvo loxuog

‘EoTw oUvBeTn avtiotaon Z, ota dkpa TnG otroiag e@apuoletal Taon v = V,
- NUwt kai dlappéeTal atrd pevpa i = |, - nu(wt - @), 610U @: N dlagopd edaong
MeTagU V kai | (A ywvia Tng ouvleTng avTioTaong Z).

ouvBeTn
avTioTaon

2xnua 9.17. KikAwua yia tn ueAérn ioxuog oro E.P.

Q Ovopddletal TTpayMaATIKA 10XUC P n 10X0C TTOU KATAVOAIOKETAI OTO WHIKO
MEPOG TNG OUVOETNG avTioTaONG UTTO HopP®r] BEpUOTNTAG Kal ATTODEIKVUETAI OTI
diveTal atrd Tn oxéon:

€

P=V, I, ~cruvcp=%v0 1y -ouve (9.32)

Movdada mpayuatikig 1oxuog gival 1o Watt (W)

Q Ovopuddetal depyog 1I0XUG Q n 1I0XUG TTOU TTAPOUCIAZETAl OTO ETTAYWYIKO 1
XWPENTIKO PMEPOC TG OUVBETNC avTioTaong Kal atrodelkvUeTal 0Tl diveTal aTrd TN
oxéon:

1
Q=V, I, -r]|.|(p=EV0 1y -nue (9.33)
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Movada depyng 1oxUog gival To Var (Vr)
Q OvopadleTal paivopevn I0XUG S TO YIVOUEVO

1

S=V_ -, ==

eV sv=2 O'IO

(9.34)

Movada @aivéuevng 1oxuog cival To VoltAmpere (VA)
MeTa€ TwV TPILV QUTWV 1I0X0WYV 10XVEl N oxéon: S = vP? + Q?, kaboT

&v ev A% (A%

P?+Q° = V2 - -ow’e+ V2 B, e = V2 B, - (ouwe+nu’e)= VS, -2, = 8°

Emeidn -90° < ¢ < 90°, guptrepaivoupe 611 0 < guvep < 1 Kal GUVETTWG N
TIPAYMATIKA 10XUG gival TTavTa O€TIKA, evw n depyog I0XUG PTTOPE va gival A
BeTIKA | KAl apvnTIKA, KABOTI e€apTaTal atrd Tov TTapdyovTa nue. Avaloya Pe 10
TPOCNHO TNG depyng 10XU0G Q dIaKpivOUUE TIG EEAG TTEPITITWOEIG:

° Av Q > 0, To KUKAWMQ TTapouaIddel ETTAYWYIKA CUUTTEPIPOPA 1 I00dUvaua
n TaonN TTPONYEITal TOU PEUPOTOG KATA Ywvia @.

To cuvg ovoudleTal oUVTEAEOTRG 1I0XU0G TOU KUKAWWPATOG KAl OThV TTEI-
TITWOT QUTA AEYETAI ETTAYWYIKOG | HETATTOPEIOG.

* Av Q < 0, To KUKAWHA TTapouCIadel wpnTiKA CUPTTEPIPOPA 1) IcodUvVaua N
Tdon £TTETAI TOU PEUPATOG KATA YwVvid @.

O ouvTeAeaTnG 1I0XUOG GTNV TTEPITITWOTN AUTH AEYETAI XWPNTIKOG | TTPOTTO-
peiag.

H mrpayuaTikr], n depyog kal N @aivouevn 10X0UG, KABwG KAl N CUPTTEPIPOPA
TOU KUKAWMOTOG, aTTEIKovifovTal e TO TPiywvo 10xXU0G, dnA. éva opBoywvio Tpi-
YWVOo peE KABeTeG TTAEUpEG P, Q kai uttoTeivouoa S.

Emaywyikn XwpnTikA
OUPTTEPIQPOPA OUUTTEPIPOPA

>xnua 9.18. Tpiywva 1ox00¢
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9-9. NMAgovekTRuara Tou E.P. évavri Tou Z.P.

To E.P. mapoucialel apketd TTAeovekTAPaTa €vavTi Tou 2.P. kal yI' autd n
XPAOoN Tou gival eupeia. Ta KUPIWTEPO TTAEOVEKTANATA Tou gival:

a) To E.P. petaoxnuartietal, dnAadr augdvetal Kal EAQTTWVETAI N TAON 1 TO
peUpa Xwpig va aAAadel n 100G Tou.

B) E¢aitiag TOU HETOOXNUATIOPOU PETAPEPETAI OE PEYAAEG ATTOOTACEIG HE MI-
KPO OXETIKA KOOTOG KATAOKEUAG TNG YPAMUAG Kal AiYEG ATTWAEIEG.

y) E€aitiag Tng eUKoANG peTagpopdg, To E.P. TrTapdyeTal kel TTOU UTTAPXE! QTN-
VI TTPWTN EVEPYEIQ.

8) Mtropei pe KATAAANAN avopBwTIKA dIATAEN VO XPNOIYOTTOINBEI KAl EKEN TTOU
atraiteital omwodAmoTe 2.P., .. nAekTpOAUCH, QOPTION CUCOWPEUTWY, NAE-
KTPOMAYVNTES K.ATT.

€) O1 kivnTATES E.P. gival AiydTepo TTepiTTAOKOI OTTO TOUG avTioTolixoug Z.P.

9-10. Eqpappoyég

Epappoyn 1n

‘Eva trnvio auteraywyng 2 (H) ouvdéetal o€ evaAAQOOOPEVN TAON EVEPYOUG
TIAG 220 (V) kai ouxvotnTtag 50 (Hz). Zntouvral:

a) n oTiypiaia Taon B) n €TAyWYIKN avTioTaon y) To oTiyuiaio peupa kai &) n
TIMA TOU PEUUATOG TTOU Ba £BEIXVE Eva AUTTEPOUETPO AUEANTEAG QVTIOTOONG.

Auon
L=2H

220V, 50 Hz

a) To TAGTOG TG TéoNg eivar V, =+/2-V,, =+/2.220 =310(V)
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H KUKAIKA ouxvotnTa givai:
w=2mf=2-3,14-50 =314 (rad I s)
Etmropévwg, n oTiydidia téon eival
v=V, nuwt=310 - nu 314 t (V)
B) H eTaywyikr avTioTaon Tou Trmviou givai
X =wL=314-2 = x, =628 (Q)
y) H evepydg Tiun Tou pedpaTog TTou dlappEel To Trnvio ival

_ Ve 220

&V

. =1, =0,35(A)
x,_ 628

Kal ETOPEVWG |, =~/2-1,, =+/2-0,35 = 0,494 (A)
ETriong, €mme1df n ocupTtrepIpopd ival ETTAYWYIKA TO peUA ETTETAI TNG TAONG
katd 90°. Apa, n oTiydidia TIA Tou peluaTog gival:
i=ly Ny (wt-90°)=0,494 - nu (314 t-90°)

0) Emeidf 1a autrepdueTpa TTOU PETPOUV evaAAacoouevo pedpa deixvouv
TTAvTa TNV evepyo TIUA, CUPTTEPAIVOUME OTI N £VOEIEN TOU AUTTEPOPETPOU Eival
0,35 (A).

E@appoyn 2n

‘Evag TTUKVWTAG XwpnTikétntag 20 (UF) ouvdéetal oe evaAAaoodpevn Taon
evepyou Tiung 220 (V) kai ouyxvotntag 50 (Hz). Zntolvtal a) n XwpenTIKA avTi-
oTaon Tou TTUKVWTA B) n éviaon Tou peUPaTog TToU Tov dlappéel Kal y) To diavu-
OMaTIKO dIdypaupa Tdong Kal EVvTaong.

Auon
a) H xwpnTikA avTioTaon Tou TTUKVWTA givail;

I 1
© wC 2nf-C 2.3,14.-50.20-10°

= X, = 159,23 (Q)
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C=20pF

220V, 50 Hz

B) H évtaon Tou peupaTog TTou dlappEEl TOV TTUKVWTH £XEl evepyd TIUA

1=V = 220 -4 38
XC

"~ 159.23

Kal TTponyeital TnG Tdong kata 90°.
y) To diavuopatikd didypaupa (Me TV TGon aTov opIfovTio agova) gival To
ak6Aoubo).

YA

11=1,38(A)

-1 >
V=220(V)

Vx

& [lNaparipnon
ETreidn utrdpyel pia taon dev €xel vonua va oxedlaoTei e KAipaka. To idio
I0XUEI KOl yia TO peUMQ.

Epappoyn 3n

Quikn avtiotaon 10 (Q) cuvdéeTal o€ ocipd Pe TTnvio autemaywyng 0,02 (H).
To aUoTnua TpoPodorteital atrd evaAAacooduevo peuua 220 V, 50 Hz.
ZntouvTal: a) n évracn Tou peUPATOG
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B) n Tdon Vg TNG avtioTaong

Y) n Téon V, Tou TTnviou

0) To dIAVUGHATIKO SIAYPAUNG TACEWV Kal EVTACEWV
€) 10 dlavuopaTiké SIAYPAPUA avTIOTACEWV.

Auon
10Q 0,02 H

220V, 50 Hz

a) H KuKAIKf) ouxvOoTnTa TOU KUKAWUATOG €ival:
w=2mf=2-3,14-50=314 (rad/ s)

Kal KaTd OUVETTEIQ, N oUVOETN avTioTaon auTtou ival:

Z=R? +(wL) =,10° +(314.0,02) =Z=11,8(Q)

ME ywvia @, £€T01 WOTE: EQY = wk_ M =0,628
R 10
KdavovTag xprion TRIYWVOUETPIKWY TTIVAKWY, TIPOKUTITEL @ = 32°.
To peUpa Tou KUKAWPATOG gival | = % = % = 18,64 (A) Kai £TTEITA TNG TA-

ong katda 32°, agou To KUKAWMO £XEI ETTAYWYIKA CUPTTEPIPOPA.
B) H tédon Tng avtiotaong TTPOKUTITEL:

Vg=1-R=18,64-10 = V;=186,4 (V)

Kal €ival CUPQACIKH PE TO pEUQ.
y) H 1don Tou TTNVviou TTPOKUTITEL:

V. =1-wL=18,64 - (314 - 0,02) = 117 (V)

Kal TTponyeiTal Tou peUPaTog KaTd 90°.
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0) ATtTelkoviCovTag oToV OPICOVTIO Agova TO PEUUA (XWPIG KAipaka KaBoTI dev
UTTAPXEl GAAO pEUPA) Kal 0PICOVTAG KAIMAKA VIO TIG TAOEIG, TTPOKUTITEI TO aKOAOU-
B0 dIavUCPATIKO BIdypaPa TACEWY Kal pEUNATOG

yl\

Vi=117(V)
) V=220(V)

(kAipaka Tdogwv:
2cm— 100 V)

\V><

0 1=18,64A  Vr=186,4(V)

atrd TO OTT0I0 QPAIVETAI O ETTAYWYIKOG XAPOAKTPAG TOU KUKAWMOTOS KABOTI n
TAON TTPONYEITAI TOU PEUPATOG KOTA Ywvia ¢ = 32 °.

€) Atreikovifovtag oTov opIZOVTIO Agova TNV WHIKA avtioTaon Pe KAiPaka
TTPOKUTITEI TO aKOAOUBO dIavUOUATIKO SIAYPAUMA AVTIOTACEWV.

yA
X=6,28 Q Z=11,8Q

(KAipaka avTiIoTACEWV:
4cm—10Q)

0 R=10Q

Epappoyn 4n

Quiki avriotaon 60 (Q) ocuvdéeTal o€ OEIPA PE TTUKVWTH XWPNTIKOTNTAG 8
(MF). To otoTtnpa Tpogodoreital ammd evalacodpevn tédon 220 V, 50 Hz.
ZntouvTal n éviaon Tou peUuaTog
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B) n T@on Vg TnNg avriotaong
y) n 1Gdon V¢ TOu TTUKVWTA
0) TO BIAVUCHATIKO BIAYPAUHA TACEWVY KOl EVTAOEWV.

Auon
a) H KukAIKA ouxvoTnTa TOU KUKAWPOTOG gival:

w=2mf=2"-3,14 - 50 = 314 (rad / s) kaI KOTG CUVETTEIQ N OUVOETN AvTioTOON
auTtou eival:

2 2
Z=JR2+[%} =\/602+ [m] — 7 =402,5(Q)
w .8.

ME Ywvia @, £€TO1 WOTE: €QP = % = 1 =6,63.
w

KdavovTag xprion TRIYWVOUETPIKWY TTIVAKWY, TIPOKUTITEL @ = 81°.

60 Q 8 uF
T |
220V, 50 Hz
. , ] \Y, 220 .
To pelpa Tou KuKAwpaTog eival: | = Z = 2025 = 0,55 (A) kal TTponyeital

TNG TGong KaTté 81°, apoU TO KUKAWMG EXEI XWPENTIKA CUUTTEPIPOPA.
B) H tdon Tng avricTaong civai:
Ve=1-R=0,55-60 = Vg =33 (V)
Kal gival CUPQAOIKA JE TO peUa.
y) H 1don Tou TTUKVWTH €ivai:
1 1

V. =l-— =0,55

—=218(V
wC 314.8-10° V)

Kal ETTETAI TOU peUATOC KaTd 90°.
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0) ATtTelkoviCovTag oToV OPICOVTIO Agova TO PEUUA (XWPIG KAipaka KaBoTI dev
uTTapXel GAAO pelpa) kal opidovTag KAiHaka yia TIG TAOEIG, TIPOKUTITEI TO OKO-
AouBo diavuopaTiké diIdypauua TAoEWV Kal peUUATOC ATTO TO OTTOIO PaiveTal O
XWpPNTIKOG XAPOKTAPAG TOU KUKAWMATOG KABATI TO peUpa TTponyEital Tng Tdong
KaTé ywvia @ = 81°,

(kAipaka Téoewv: Vg =33(V)
2cm— 100 V)

0 1=0,55 A

V=218(V) V=220

Epappoyn 5n

Kukhwpa RLC oeipdg €xel: RLC oeipdag éxel: R=30(Q),L=0,5(H),C=141
(MF) kai Tpogpodorteital atrd evaAhaooduevn t1aon 220 V, 50 Hz.
ZntouvTal: a) n £viaon Tou peUPOTOG
B) n Tédon Vi TNG avtioTaong
y) n Téon V| Tou TTnviou
0) n Taon V; Tou TTUKVWTA
€) 10 SlavuopaTiké SIAypaua TACEWV Kal EVTATEWV.

Auon
a) H KUKAIKf) ouxvOéTnTa TOU KUKAWWATOG €ival:
v=2mf=2-3,14 - 50 = 314 (rad / s).
O1 avTioTdoelg X, Kal X. TTPOKUTITOUV:

X =wl=314-05=157 (Q)

X,=—=—" ' =22528(Q)
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Kal eTTeIdn X¢ > X, T0 KUKAWNA TTApOUCIAgel XwpnTIKY CUUTTEPIPOPT.
H ouvBeTn avtioTaon Tou KUKAWPATOG ival:

Z= R +(X_- X, ) =30 +(157-225,8) =75(Q)

X -Xo| _[157-225,8 _
R 30

ME Ywvia @, £€TO1 WOTE: EQQ = 29

KdavovTag xpron TPIYWVOUETPIKWY TTIVAKWY, TTPOKUTITEl ¢ =~ 66°.

300 05H 141pF

220V, 50 Hz
. . . VvV 220 .
To pelpa Tou KUKAWPATOG gival | = Z = =5 =2,93 (A) Kal TTponyeital Tng

TdoNG KaTd 66°, a@oU To KUKAWHA £XEI XWPNTIKA CUUTTEPIPOPA.
B) H tdon Tng avtioTaong eivai:
Ve=1-R=2,93"-30 = V;=87,9 (V)
Kal €ival CUPQATIKA JE TO pEUUQ:
y) H téon Tou tInviou eivai:
V,o=1-X =293 157 = V_ =460 (V)
Kal TTponyeiTal Tou peUPaTog Katd 90°.
®) H 1don Tou TTUKVWTA €ival
Vo=1-X;=2,93-2258 = V. =661,5(V)

Kal ETTETAI TOU peUATOC KaTd 90°.

€) Atreikoviovtag oTov opIfovTIo dgova TO peUNA (XwWpPig KAiJaka KaBoTI dev
UTTAPXEl GAAO peUa) Kal 0pifovTag KAIMAKA YIa TIG TACEIG, TIPOKUTITEI TO aKOAOU-
B0 dIavVUCHOTIKO BIAYPAUMNO TACEWY Kal PEUUATOG.
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y
460(V)=V, |
KAIOKQ TACEWV: Vr=87,9 (V) ‘ X
(1 cm— 100 V) 0 |=2 93'(A) >
V-~V =201,5 (V
o v V=220(V)
V,=661,5V |

Epappoyn 6n

ATTé éva TTnvio TTEpVA OUVEXEG peUa BA, OTav OTa AKPA TOU QApUOCeTal
Tdon 15V. EGv avTIKaTaoTHOOUUE TO OUVEXEG PEUPA PE EVAOANAOOOUEVO Evep-
you 1aong 15V kai cuyvéTtntag 25 Hz, 1o petua mou Trepva 16Te gival 1,5A. Na
Bpebouv a) n wuIk KaBwG €TTiONG Kal N oUVOETN avTioTaon Tou Trnviou, B) o
OUVTEAEOTAG QUTETTAYWYAG TOU TInVviou, Kal y) N @AciKA ywvia @.

Auon
a) H wpikf avTiotaon Tou Trnviou Ba gival n avtioTaor] Tou 0To CuvexEG peU-
Ma, dpa
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R=¥ 1: R=2,5(Q)

Ortav diapiBaloupe E.P., n avriotach tou Ba gival n ouvletn

z=Ya 215 710
I 1,5

v

B) H ouvBeTtn avrioTaon civai:

Z=\R? +(wL) = |R? +(2nfL)’ = 2miL =vZ* -R? =\[10°-2,5°

__ 9682 — L =0,062(H)
2-3,14-25
y) H @aoikn ywvia eivai:
wL _ 9,682
epp=—=—-=3,873
*® R 2,5

KAl JE XPHoN TPIYWVOUETPIKWY TTIVAKWY TTPOKUTITEI @ = 75,5°.

Epappoyn 7n

Mnvio €xel wpikh avtiotaon 12Q kal eTaywyiki 9Q. O cuvTeAEOTAG AUTETTO-
ywyng autou gival 0,03H. Av oTa dkpa Tou TTnviou ouvdebei BOATOUETPO, deix Vel
300V. Na Bpebouv a) n TTpayuatiky Kal N @aivouevn 10XUG, Kail B) ol e6lowoelg
TOU EVOAAQCOOEVOU PEUUATOG.

Auon
a) H olvBeTn avriotaon Tou TTnviou givail:

V,, _ 300
= 2,492 ) A =t = OYY o
Z=R?+(wL)’ =12 +9% = Z =15(Q) Apa I, : 20(A)

P=V, "I, ouvp=1I2,-R=202-12 = P =4800 (W)
Etropévwg
S=V,-1,=300-20 = S =6000 (VA)
B) Edv utroBéooupe 611 N ywvia Tou pedpaTtog gival 0°, eTTeId TO KUKAWHA €XEI
ETTAYWYIKA CUMTTEPIPOPA, Ol ECICWOEIG TOU EVAAAACOOUEVOU peUaTog Ba givai:
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i=1,v2 - nuwt
V=V, V2 - npwt+ o), (1)
4TI0U w=%=%:>w=300(rad/s)
Kal EQ@ = EL = % =0,75 = ¢ = 37° (TPIYWVOUETPIKOUG TTIVOKEG)

Etmropévwg, ol oxéoeig (1) Taipvouv Tn Yopen:
i =202 - nu(300t) (A)

v =300+2 - nu(300t + 37°) (V)

Epappoyn 8n

MukvwTG ouvdéeTal TTapAAANAa pe wuIKA avTioTaon 60 Q kal oTa dkpa TOU
OUCTHPATOG £papuodeTal evaAAaooduevn Taon evepyou TIWAG 120 V kal ouxvo-
TnTag 50 Hz. H oAikA €vraon Tou peuparog gival 4 A. Na BpeBei n xwpnTikOTNTO
TOU TTUKVWTH.

Auon
c
ic
i 60 Q
i
120 V, 50 Hz
. . ] , 120
To peUpa TTou diappEel TNV avtioTaon sival: | = —=——=2(A)
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ETropévwg, To peupa g eivar: I, = P -2 = /42 -22 = 12 = 3,464 (A)
‘ET01, N XwpnTIKA avtiotaon X €ivai:

X =X=ﬂ:»xC = 34,64(Q)

o

-
w
N
[e2]
I

AMG X, = C =
wC 2mfC 2mf- X,
C= 1
2-3.14-50-34,64

Eqpappoyn 9n

2¢€ éva KUKAwMa €xouv ouvdeBei oe oeipd Trnvio e L=350mH, wuikn avri-
otaon R = 30Q kal TTUKVWTAG pE XwpnTikdTNTa C = 25uF. Z1a dkpa TOug £pap-
poleTal Thon pe evepyo TiPN V=200V kai KUKAIKA ouxvoTtnta w = 400rad/s. Na
Bpebei n TTpaypaTIKr 10XUG, KABWG Kal N XwpenTIKOTNTA TTUKVWTH TTOU TTPETTEI
va ouvdeBei yia va TreTuxoupe auvtovioud. Mola n évracn Tou PeUPATOS OTNV
TTEPITITWON AuUTh;

=92.10° (F) = 92 (uF).

Auon

H olvBeTn avtiotaon Tou KUKAWPOTOG gival:

Z=\/R2+

= \/302 +(140-100)° =+/30% +40% = Z =50(Q)

1

2
Lw-—| = [302+|350.10°.400-
C 25.10°- 400

w

Apa n TTpayuaTikn 1I0XUG givar : P =12, - R=42- 30 = P =480(W)
MNa va €Xxouue OUVTOVIONO, TTPETTEI N XWPENTIKA KAl N ETTAYWYIKA avTioTaon va
cival ioeg, dnAadn

lw=—1_=C, =— L

= =17,8(uF
LW Lw?  350-10°400 (HF)
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Kai eeIdn C,,<25uF, ouptrepaivoupe ot TTpETTel 0 TTUKVWTAG C, TTou Ba ouvde-
B¢i va gival ag oeipd Pe Tov TTUKVWTH Twv 25uF, €101 WOTE:
1 1

- —— ——=C,=618(F)

1
c, 17,8 25

1
C

2

Epappoyn 10n

To KUKAWMQO CUVTOVIOPOU TTOU QAivVETAl OTO TTAPOKATW OXAMA, ATTOTEAEITAI
amo avriotaon R, mukvwTr C kai Tinvio L = 10 (mH). Z1a dkpa Tou GUCTAPATOG
eQapudletal evaAhaooouevn Tdon pe evepyo TiuR VvV =1 (V). EGv n ouxvotnta
ouvTtoviopou eival f, = 100 (KHz) kai 0 ouvTteAeoTAg TToIdTNTAG Q,, = 50, va Bpe-
Bouv:

A
Co)\

a) H xwpnTikétnta C ka1 n avriotaon R
B) H dwvn di€éAeuong Af.
y) O1 TTAeupikéG ouxvotnTeg f;, T, TG {wvng dieUAguong.

R L=10mH c

1V

Auon

L
a) Ao T oxéon Q= :0 uttoAoyidoupe Tnv avtiotaon R
Lw, _ L - 2mrf, _ 10-10°.2.3,14-100-10° N
Q Q 50

1 1 1
ETrio Q. = =C= = =
M5 S w,CR w,-Q,-R 2mf-Q, R

R =

R =125,6(Q)

1
C= 3
2-3,14-100-10°-50-125,6

=C = 253102 (F) = 253 (pF)
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B) H dwvn diéAeuong TOU KUKAWMPOTOG givail:
f, _100-10°

Af =f,-f =2 =——"— = Af=2 (KHz)
Q. 50
y) O1 TTAeUpIKEG OUXVOTNTEG ival:
f, =1, A 1OO-E:> f, =99 (KHz)
2 2
Kal f2=f0+%=100+§:> f, =101 (KHz)

Epappoyn 11n

To KUKAWPQ CUVTOVIOPOU TTOU QAiVETAl OTO TTOPAKATW OXAMA, aTTOTEAEITAI
ato Ta oToixeia R =40 (Q), L =6,36 (mH), C = 1590 (pF) kai Tpo@odorteital atrd
evaAAaooduevn Taon evepyou TiuAG V. Na BpeBouv:

a) n ouxvéTNTa CUVTOVIOUOU f,

B) o ouvTteAeoTnG TTOIOTNTOG Q..

y) n dwvn diéAeuong Af

0) o1 TTAeupIkéG ouyvoTnTeg fy, f, TNG dwvng diEAeuong

,_k_

6,36 mH

1590 pF

8
0

Auon
a) Eival kOkKAwpa TapdAAnAouU CuVTOVIOUOU Kal ETTOUEVWG N ouxvoTNTA OU-
vToviopou f, divetal atrd Tn oxéon (9.26)

Y K 1 4o
" 2m\LC 2~ 2.3,144/6,36-10°.1590-10" (6,36.10'3)2
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= f, =50 (KHz)
B) O ouvteAeoTAG TTOIOTNTAG Q,, €ival

wol _ 2-3,14-50-10°-6,36-10°

Q, = =Q, =50
R 40
y) H duvn diéAeuong TTPOKUTITEl EUKOAQ
A =f—°=@:>Af =1(KHz).
Q, 50
0) O1 TTAUpIKEG OUXVOTNTEG Eival:

f,=f,- %f =50-%—>f1=49,5(KHz)

Ka f=f - % =50 + % S f,= 50,5 (KHz).

Epappoyn 12n

HAekTpokivnTipag ouvdéetal o€ dikTuo evaAdaooopevng Taong 220 (V) kai
atmmoppo@d 10XV 2,64 (KW) pe ouvteAeoTr] 1IoxUog 0,7. ZnTouvTat:

a) To pevupa tTou TTEPVAEl aTTO TOV KIVNTHPA.

B) H @aivéuevn kai n depyn 10X0UG TOU KIVNTAPA.

Auon
a) To peUpa TTou TrepvAEl atrd Tov KIvNTAPA ival:

P _2,64-1000

=1=17,14(A)
V.- ouve 220-0,7

P=V:l.cuvp=I=

B) H @aivéuevn 10x0¢ Tou KivnTApa €ivai:
S=V-1=220-17,14=3770,8 (VA) = S =3,77 (KVA).

TéAog, atrd TO TPiIYWVO 10XU0G @apudlovTtag 1o Mubaydpeio Oswpnua, TTpo-
KUTTTEI N AEPYOG I0XUG.

$?=P?+Q? = Q=S?-P? = [3,772-2,64* =
P = 2,69 (KVAR).
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Epappoyn 13n

2e evaAaoodpuevn tadon 220 V, 50 HE eival ouvdedepéva Ta EAG popTia:
1) 80 AaptrtApeg Twyv 100 (W).
2) KivnTApag 1oxUog 2 (KW), ouvteheoT atmédoong, 0,8 kal guvTeAeoTr) 10X U-
0¢ 0,65.
3) kivnTApag 1oxuog 0,8 (KW), cuvteAeoTr amédoong 0,5 kal cuvteAeoTA
IoXUuog 0,7.
4) nAekTpIKr BeppaoTpa I0XU0G 3,4 (KW).
ZnTouvrat:
a) Ta peyédbn P, Q, S kdBe popTtiou KABWG Kal 0AGKANPNG TNG EYKATAOTAONG.
B) O cuvTeAeoTAG 1I0XU0OG TNG eyKaTAOTAONG
y) To peUpa KaBe popTiou KaBWG £TTIoNG Kal TO OAIKO peUa.

Q, = 0 (KVAR) 81611 TTpdKEITAl VIO KABAPA - WHIKO QOPTiO
S, =P, =8 (KVA).

®doprio 2:

P

2

P, = 80 - 100 = 8000 (W) = 8 (KW)

_ Py 2000
= ===

n

2

0,8

Auon
>
I4 I I3 I4
Y A Y
Kivntipag Kivntipag
220V 80 2 KW 0,8 KW O¢epudoTpa
NQUTITHPEG n=0,8 n=0,5 3,4 KW
ouve = 0,69 ouvep = 0,7
a) ®oprio 1:

P, = 2500 (W) = 2,5 (KW)

ouvQ, = 0,65 = a1rd Tpiywv. TTivakeg ¢ = 49,5° = €@, = 1,169
ATTO TO TPiYWVO 10XU0G, TTPOKUTITEL
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Q, =P, €09, =2,5- 1,169 = 2,92 (KVAR)

Q;

P>

S, = P2 +QZ =/2,5? +2,92% = 3,85(KVA)

®oprio 3:

WEPEA
P3=P3 =%:>P3=1,6(KW)
n, 0,5

ouvep; = 0,7 = a1mo TpIy. TTVAKEG @ = 45,5° = @@, = 1,02.

Q3

Ps

AT1Té TO TPiIYWVO 1I0XU0G TTPOKUTITEL:

Q, =P, - €p@s = 1,6 - 1,02 = 1,632 (KVAR)

S, = P2 +Q2 = /1,67 +1,632° = 2,285(KVA)

®doprio 4:
P, =3,4 (KW)
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Q, = 0 (KVAR) 81611 TTpoKeITal yia KaBapd wHIKO QopTio
S, =P, =3,4 (KVA).

OAIKO ®OPTIO:
P=P,+P,+P;+P,=8+25+1,6+3,4 = P=155(KW)
Q=Q,+Q,+Q,;+Q,=0+292+1,632+0 = Q=4,552 (KVA)

S=P?+Q? =15,5° +4,5522 =S = 16,15(KVA)

B) O ouvTeAeoTNG I0XUOG TNG EYKATAOTAONG TTPOKUTITEI ATTO TO OAIKG TPiyWVOo
I0XU0G i00G JE:

S=16,15 KVA
Q=4,552 KVA
P=15,5 KW
P_ 15
ouvp =—=—"——=couvp =0,96
? s 1615 ¢
y) MNa 10 peduaTa TWV QOPTIWY EXOUE:
P, =Vl -oue, =1, = P _ 8000 =1,=36,36 (A)

V-ouve, 220-1

P, _ 2500

P,=V-l .ouvp, =1, = = =1, =17,48 (A
2= e OV = T v, 220.0,65 2 )
P
P, =V:l,-ouve, = I, = 3 - 1600 =1,=10,38 (A)
V-.ouvep, 220-0,7
P
P, =V, -oue, =1, = 4 - 3400 =1, =15,45 (A)

V-ouvp, 2201
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To oAIkd peUpa TNG £yKATAOTOONG Eival:

S=Vi=l=2=22""2=73 4(A)
Vv

9-11. MpofBAnpara mpog AUoN

10

20

30

40

H oTiypigia iy TG évtaong evog evaAAaooOpEVOU peUPaTOg diveTal atrd
TN oxéon: i = 10\/§-nu 628 t. ZnTouvrai:
a) 1o TTAdGTOG |,
B) n evepyog A I,
Y) N KUKAIKA] OUXvVOTNTa W
0) n ouyvétnta f
€) n mepiodog T
(10\/5A 10 A, 628 rad /s, 100 Hz, 0,01 s)

‘Eva KUKAwua Tpogodorteital atd 1don v = 220 - nuwt kai diappéetal arrd
pelpa i = 2-nu(wt - 60°).
ZnTouvTal: a) n oTIydlaia évraon Tou peUPATOG, OTAV N TAON TTAipvel TN Pé-
yioTn TIPA NG
B) n oTiyuicia Tdon 6Tav n éviaon Tou PEUPATOG TTAIPVEL TN UEYI-
oTn TIPA TNG.
(1A, 110 V)
QuikA aviotaon R = 40 (Q) kai Trnvio auteraywyng L = % (H), ouvdéovtal
oe oeipd. Edv n tdon ota dkpa Tou TTNViou ival v, = 80+/3 ‘nu (400t + 90°),

va Bpebouv:

a) n oTiypiaia Tdon Tpogodoaiag v
B) n oTiypicia évraon peUPATOGC |
Y) N S10popd @aong HETAEU peUNATOS Kal TAoNG
0) va yivel diavuouaTikd dIdypauua TACEWY Kal PEUPATOG
(v=160"-nu (400t +60°),i=2-nu400t, ¢ =60°)

Quikn aviotaon R = 500\/5((2) Kal TTUKVWTAG xwpnTikdTnTag C = 4 (uF)
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ouvdéovTal Og OeIpd Kal Tpo@odoTtouvtal Pe evaAAaocoouevn Tdon
v = 2000 - nu 500 t. ZntouvTai:
Q) Ta OTIyuIaia JeyEDN i, Vg, Vo
B) va yivel diavuopaTikd didypaupa TACEWY Kal PEUPATOG
(i=2-nu (500 t+30°, vy = 1000~/3 - nu(500t + 30°),
v=1000-nu(500t-60°))

5° A6 éva TIMvio auTteTTaywyng L, yia va TTepacel peuua 5 A, TTRETTEI va €Qap-
MooTei oTa dkpa Tou cuvexn Taon 40 (V) 4 evaAacoduevn evepyou TIWAG
50 (V) ye ouxvornta 50 (Hz).
ZntouvTal: a) n WHMIKA avTioTaon Tou Trnviou
B) o ouvTeAEOTNG auTETTAYWYNG
Y) O OUVTEAEOTAG 1I0XUOG TOU TTnviou
(8 Q, 19 (mH), ouve = 0,8)

6° KukAwpa RLC oe ocipd, tpogodorteital atmd evallacooduevn 1don v = 100
\/Er]u (250t + 30°) ka1 dlappésTal aTd pevpa i = 4nu (250t - 15°)
Eav L = 0,3 (H), Bpeite Ta R, C ka1 oxedidote 10 diavuouaTikd didypauua
TAOEWV KAl PEUPATOG.
(R=250, C=80uF)

7° 510 KUKAWO TOU TTOPAKATW OXNUATOG TO OTOIXEIO X €ival WUIKA avTioTaon
1 TTUKVWTAG 1 TTNvio. Edv v = 100 - nu 300 t kai
i=10 - nu (300t +90°), va Bpebei To oTOIXEIO X.

c -

(500 pF)

8° Kukhwpa RLC oe oeipd éxer: R =400 Q, L =1H, C =25 pF kai V¢ = 30 (V),
w =400 rad / s. ZnTouvTaul:
Q) N oUvOETN avTiOTAON TOU KUKAWMPATOG

B) n evepydg TiPA TOU PEUPATOG
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Y) n katavaAiokéuevn 10XUG
0) n evepydg TGoN TPOYPOdOTIag
(5600 Q, 0,1A, 4 W, 50 V)

9° Kukhwua RLC ot oeipd, Tpopodoteital amd evaAAaocooduevn TAON
v =200 - nu (500t + 30°) kai dlappéeTal atro peupai=2 - nu (500 t + 30°).

Eav L =0,5 (H), Bpeite Ta R, C.
(R=1000Q, C=8uF)

10° KukAwpa cuvtoviopoU RLC ocipdg, €xel R =20 Q, X, =200 Q, X, =200 Q
étav TpoodoTeital he evaAAacoduevn Tdon, evepyou TINAG 120 V kai ou-
xvotntag 60 (Hz). ZntouvrTat:

a) n evepydg TIP TOu pEUPATOG
B) o1 T@oeIg V| Kal V¢
Y) 0 OuVTEAEOTAG TTOIOTNTAG Q,,
®) n dwvn diéAeuong Af
€) ol TTAeUpIKEG ouxvotnTeg f,, f,
(6A,V, =V.=1200V, Q, =10, Af=6 Hz, f, = 57 Hz, f, = 63 Hz)

11° Eva KUKAwpa atroteAeital atmd avriotaon 10 Q, rukvwtr 0,01 yF kai 11n-
vio L o¢ oeipd. Edv 010 AKpa TOU CUCTHHOTOG £QAPPOOTEI EVAANAOOOE-
vn Tdon, To KUKAwPa ouvToviCel o ocuyxvoetnta 20 KHz. ZntouvTai:
a) H 1A Tg autemraywyng L
B) O ouvteAeoTAG TTOIOTNTAG Q,,
y) H Quvn diéAeuong Af
0) O1 mAeupikég ouxvoTnTeg f,, f,
(L=6,339 (mH), Q, =79,6, Af=0,25 KHz, f, = 19,875 KHz
f,=20,125 KHz)

12° HAekTpokivntipag ouvdéeTal o€ OikTuO evaAAacooduevou pelpaTog, HE
evepyo Tiun taong 220 (V), 50 Hz. Edv n evepydg TIWA Tou peluaTog givai
1,2 (A) Kal 0 ouvTeAeo TG I0XUOG 0,75, va Bpebouv:
a) Ta yeyédn P, Q, S Tou Kivntrpa
B) n dlagpopd @aong petagu V kai |
y) va oxediaoTei To Tpiywvo 10XU0G.
(P =198 (W),Q= 174,6 (VAR), S = 264 (VA), ¢ = 41°)
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13° 10 KUKAWPA TOU TTAPAKATW OXAKOTOC TO ONKO PEUNT EXEI EVEPYO Tir 30
(A). YtrohoyioTe Ta P, Q, S kai oxedidoTe 10 Tpiywvo 10XU0G.

50 X, =30

C

(P =2160 W,
Q =479,7 VAR mporropsiag,

0 S =2210 (VA))

14° ‘Eva Biounyaviké goprtio 25 (KVA) éxel GuvTeEAEDTR 10XUOC 0,8 PETATTOPEI-
ag. MpooTiBevtal pia opada BEPUAVTIKWY CWHATWY PE AVTIOTACEIG, OTTOTE
0 OUVTEAEOTNG 10XU0G TNG eykaTdoTaong yivetal 0,85 petatropeiag. MNoon
gival n 10xUG TwV BEPUAVTIKWY CWHATWY;
(4,3 KW)

15° Bpeite kai oxedidoTe TO OAIKO TPIYWVO 1I0XUOG TWV €ENG TPILWV TTAPAAAN-

Awv @opTiwv: PopTio A: 5 KW kai ouve = 0,8 petamropeiag, Poprio B: 4

KVA pe Q = 2 KVAR mrpotropeiag, ®oprio I': 6 KVA pe ouve = 0,9 yetaTtro-
pEiag.

(P =13,86 KW, Q = 4,38 KVAR pcrarmropeiag

S = 14,55 KVA, ouve = 0,965 usrarmropeiag)






KE®DAAAIO

METABATIKA OAINOMENA

Eicaywyn

Ta eéaprriuara Twv KUKAWUATWY, TToU TooeodoTouvTal aTTd GUVEXT pEULaTa,
TEAIKG Olappéovral arrd peduara mmou Exouv arabepn évraon. H kardoraon
auTth ToUu KUKAwuartog ovoudderar otabspn kardoraon. Méxpl Ouws 10 KU-
KAwua va oraoei atn oTtabepn KatadoTaar, Ta PEUUATA KAl Of TAGEIC OEV EXOUV
arabepn popen. H kardaraon aurr) ovoudleral ueraBarikn.

2KOTTOC TOU KepaAaiou eivar n EAETN Kai Karavonaorn 1nNg LETABATIKNG KaTd-
OTa0NS KUKAWUATWY TTUKVWTH KAl aQvTIOTATn, TTNVioU Kai avTioTAarn.
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10-1. KukAwpa RC o€ oeipa oro D.C

a) Poprion TUKVWTA

270 KUKAwpa Tou oxnuatog 10-1 TTUKVWTAG XwpenTIKOTNTag C ouvdEéeTal O€
ogIpd he avTiotdrn R. Z1a dkpa Tou CUCTANATOG GUVOEETal TTNYR TAoNnG V HEow
d1aKoTITN 0.

2xnua 10.1. KGkAwua @oprions mukvwrh

ApXIKG 0 dIaKOTITNG & €ival AVOIKTOG, OTTOTE O TTUKVWTHG Eival apopTIoTOG.
Otav o d1okoTITNG & KAgioel 0 TTUKVWTAG apxidel kal @opTifeTal oTadIoKA wg
€€NG: HAekTpdvia petakivouvtal atrd 10 BeTIKO OTTAIONS TOU TTUKVWTH Kal HECQ
atod TNV TNy Tyaivouv otov apvnTikG oTrAioud. Ta TTpwTa QopTia TTou @Od-
VOUV OTOV TTUKVWTI] EUTTOBICOUV TNV Kivnon TwV ETTOPEVWY, JE CUVETTEIQ N TAON
TOU TTUKVWTH va au&dvel oTadlakd. H peTakivnon Twv NAEKTpOViwy TEpUATICETAN,
otav n Tdon Tou TTUKVWTA Yivel ion pe Tnv Tdon ¢ TNYAG, TOTE KAl TO QOPTIo
TOU TTUKVWTH TTaipvel Tn TEAIKN Tou TIur. ®uoikd katd Tnv didpKeia TNG @OPTIONG
TO KUKAWWQ dlappéeTal atrd peUua, TOU OTTOIOU N évTach oTadIaKA PEIWVETAI KAl
TEAIKG pundevieTal Tav OAOKANPWOEI N @opTIoN.

H epappoyr] Tou 2° vopou Tou Kirchhoff oto Bpdxo Tou KukAwpatog Tou 10-1
Oivel Tn oxéon:

V-IR-V=0 (1)

otou V n 1don Tng TNYAG, | N €viaon Tou peUPATOg TTOU dlappPEEl TO KUKAWUG
Kal V¢ n Tdon oToug OTTAICUOUG TOU TTUKVWTH.
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To peupa | Tou KUKAwPATog divetal atro Tn oxEon:
I=—(2)

To @opTio Aq TTEpVAEI ATTO Mia SIATOWN TWV AYWYWY TOU KUKAWNATOG O€ XPO-
vo At kail TTpoaTiBeTal OTO POPTIO TOU TTUKVWTH TTou AN uTtdpxel. AT Tov opl-
OMO TNG XWPNTIKOTNTAG TTUKVWTH ETTETAI:

Aq=CAV, (3)
ATTO TIg ox€oelg (2) kal (3) émTeTal:

AV,
At

1=C=C (4)

A6 TIG oxéoelg (1) kai (4) EmeTal:

AV,
At

V-RC

-V, =0 (5)

H e€iowon (5) dev gival aAyePpikn egiocwaon, aAAG diagopikn eéiowon. Ol dia-
POPIKEG €CI0WOEIG £XOoUV AUCEIC CUVAPTAOEIG Kal €TTIAUOVTAI JE TN XPAON avw-
TEPWV pabnuaTikwy. MNa autd 1o Adyo n Abon Tng (5) divetal xwpig atrddeIgn Kai
eivaui:

t
V. =V|1-eFe

(10.1)

To aUpBoAo e avTioToIxEi OTOV APIBUG 2,718.
Tn xpovikn oTiyun t=0:
0
e R¢ =e%=1 ka1 amd 1n (10.1) TTpokUTITEl TTWG V(=0.
AnAadn Tn oTiyun TToU KAgivel 0 dIakATTTNG & N TAoN TOU TTUKVWTH €ival undéEv.
Ot1av t>eo , e RS =0, emopévwe amd T (10.1) émetar: Vo=V
dNnAadr n Taon Tou TTUKVWT YiveTal ion Ye TV Tdon NG TTNynRg BewpnTikd o€
ATrEIPo XPOVvo.
RC

Ortav t=RC, eR¢ =¢™' = , oroTe N (10.1) yiveran:

1
2,718
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V, = v[1 L ]:» V, =0,632V.

2,718
AnAadn yia va yivel n Tdon Tou TTUKVWTA ion pe 10 63,2% Tng Tdong Tng -
yAG TTpétTel va yecoAaBroel xpovog t=RC amd m oTiyuf Tou Ba kAcioel o dia-
KOTITNG 6. H oTta0epd T=RC ovopddeTal oTaBepd XpOVOU TOU KUKAWHATOG.
5RC
Orav t=5RC, e R¢ =¢® =6,74-10", omdre n (10.1) yivetar:
V. =V(1-6,74-10%) = V,=0,993 V.

AnAadn UoTepa amd xpovo t=5RC (5 oTabepég Xxpdvou) atrd Tn OTIYUN TTou
Ba kAcioel o B1oKOTITNG & N TAon Tou TTUKVWTH @Tavel T0 99,3% Tng TAong TNG
TNYNGS. MeTd atrd autdv TO XPOVO O TTUKVWTHG BewpEiTal TTANPWGS POPTICUEVOG.

210 di1dypaupa Tou oxfuatog 10-2 @aivetal n PMeTABOAR TNG TAONG OTOUG
OTTAIGHOUG TOU TTUKVWTR WG ouvApPTNON TOU XPOVOU.

AVC

0,632E Ve=E(1-eRO)

t

Py Py

T 27 3t 47 51 6T

Zxnua 10.2. To didypauua ¢ 1a0NS 0TOUS OTTAIGUOUCS TOU TTUKVWTI OE OUVAPTNON LIE
TO XPOVO KATd T OPTION TTUKVWTH
H egiowaon (1), étav emAuBei wg TTpog Tnv éviacn Tou peluaTog |, yiverai:

V-V

(6)

H oxéon (6), étav n V. avrikataoTtaBei ammod mnv (10.1), yiveTau:
t

V-V|1-eRe

t
V-V +\VeRe
==
R R

t
e RS (10.2)

X<
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0
Orav t=0, e R¢ =1 ka1 n oxéon (10.2) yiveTau:

\

R

AnAadn péAig kAgioel 0 IaKATTTNG & N évTaoT TOU PEUPATOG £XEI TNV PEYIOTN
TIUA TNG. o
Otav t-0 = e R¢ =0 ka1 n oxéon (10.2) yiverai: 1=0.

A

lo

Llc

|=l, e YRC
0,368 I, 0®

Py ry

T 27 31 471 51 6T

t

Zxynua 10.3. Aidypauua tng éviaong Tou peUUaros @OPTIoH TTUKVWTH w¢ auvaprnon
TOU XpOVvoU

AnAadn 10 pelpa @OPTIONG PUNdevileTal BewpnTIKG o€ ATTEIPO XPOVo. MpaKTI-
KA OPWG 0 PUNOEVIOPOG TOU PeUATOG ETTEPXETAI HETA 5 0TABEPES XpdVou. 2T0
oxAua 10-3 @aivetal To diIdypauua TNG £viaong eOPTIoONG TOU TTUKVWTA O€ Ou-
vAapTNON JE TO XPOVO.

H tdon otov avtiotdtn R civar: Vg=IR, pe TN xprion g (10.2) émeTau:

t
V, = VerRr=
R

t

V, = Ve &€ (10.3)

210 oxAua 10-4 @aivetal Twg JETABAAAETAI N Vi O ouvapTnon PE To XpOvo.

V()
M

A

A

0 T

36,8%V

Yy —+

2ynua 10.4. To didypauua tng Tdong Tou avrioTdrn R o€ ouvdprnon ue 1o xpovo yia 1o
KUKAwa @opTiong TUKvwIh
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To @opTio TOU TTUKVWTA €ival:
q=CV.. Av n V. avtikaraoTtaBei pe Tnv ékppaon (10.1):
t

q=cv [1 e (10.4)

210 oxAua 10-5 @aivetal TG PETABAAAETAI TO QOPTIO TOU TTUKVWTH OE OU-
vapTNOoN KE TO XPpOVO.

qa(t)
cv - oz2esaasmarmemsesmemes

63,2%CV - //'
t

0 l T

2xnua 10-5. To didypauua ToU QOPTIOU TOU TTUKVWTI] OE OUVAPTNON LE TO XPOVO, yia TO
KUKAwa @popTions mukvwin

B) Ek@oprion mukvwri
270 KUKAWPa TToU @aivetal o1o oxnua 10-4, 0 TTUKVWTAG €XEI XWPNTIKOTNTA

C kai givalr goptiopévog o€ 1aon V,. O1 OTTAICHOI TOU TTUKVWTA ouvdéovTal e
aywyo HEow Tou BIaKOTITN O, TTou €Xel avTioTaon R.

C R

6

2xnua 10.6. KUKAwua ekpopTIons TUKVwWTH

Tn xpoviki oTiyun t=0 o d1akdTTNG & KAcgivel. TOTE nAekTpOVIa ATTd TOV Ap-
vnTIKG OTTAIoUOG KivouvTal Jéow TNG avtioTaong R 1Tpog Tov BeTikd omTAIous. H
METAKivNOoNn Twv nAeKTpoviwv dlapkKei, £wWG 6Tou n TAON OTOUG OTTAICUOUG TOU
TTUKVWTH JNOEVIOTEI.

A6 TNV e@appoyr Tou vouou Tou Kirchhoff aTo KUKAwua, TTpIvV 0 TTUKVWTAG
EKQOPTIOTEI TTARPWG, TTPOKUTITEI N OXEoN:

V-IR=0 (1)

AV,
At

Opwg: I=C (2)
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ATTO TIg oxéoelg (1) kal (2) émmeTal:
AV,
At

V,-RC=2=0 (3)

H e€iowaon (3) cival pia diagopikn eEiowan, n otroia €xel AUon Tnv:

i
V, =V,erRe (10.5)
0
Otav t=0, e R¢ = 1=V =V,
AnAadr uOAIG 0 BIaKOTITNG & KAgioel, n Tdon Tou TTUKVWTA €ival n idia e au-
TAV TTOU UTTAPXE, OTAV O BIOKOTITNG O TAV OVOIKTOG.

Otav t-ow, e R =0 = V=0.

AnAadn, n Tdon Tou TTUKVWTH PndevideTal og BewpnTIKA ATTEIPO XPovo. MNa
t=RC n (10.5) yivetai V.=V, - €'=0,368V,. AnAadr n Tdon oToug OTTAICOUG TOU
TTUKVWTH yivetal ion pe 10 36,8% Tng apxikAg étav pecohaproel xpoévog t=RC
atroé Tn oTIyr TTou Ba kAgioel o d1akoTTTNG. H oT1aBepd t=RC ovopddletal oTade-
PA XPOVOU TOU KUKAWMATOG.

210 oxAua 10-7 @aivetal TTWG PETABAAAETAI N TAON TWV OANICHWYV TTUKVWTH,

\Ve

V=EeRC

0,368 E

t

Py Py

T 21 3t 4t 51 6T

Zxnua 10.7. Aigypauua tnG TAONS TTUKVWTH O OUVAPTNGON UE TO XPOVO yid KUKAwua
EKQPOPTIONS

OTaV EKPOPTICETAI O€ OUVAPTNOTN UE TO XPOVO. O TTUKVWTAG TTPAKTIKA EKQOPTICE-
Tal o€ XpOvo SRC atrd mn oTiypr] 1Tou KAgivel o S1akéTTTnG O.

Av n e€iowon (1) emAuBei wg TTPOG |, TTPOKUTTITEI N oXEON:
Y/

== @)

Av n V. avtikataoTtaBei pe Tnv ékepaon (10.3), utroloyidetal n éviaon Tou
peUPaTOC TTOU BIappEEl TO KUKAWHA, 6TAV O TTUKVWTHG EKQOPTICETAI.
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E %e_RC (10.6)

o
Otav: t=0, e R =1:>I=£.

AnAadn POAIG KAgioel 0 dIaKOTITNG N €vTaon TOU PEUPATOG EXEl TN MEYIOTN
TIA. o0

Otav t»w, eRC =0=1=0.

AnAadn, n évraon Tou peupaTog undevideTal BewpnTikd 0€ ATTEIPO XPOVO.

ALIC

lo

|:|Oe-t/RC

0,368 I

Py Py >

T 21 31 471 571 6T

Zxnua 10.8. Aigypauua S Eviacns Tou PEUUATOS OE OUVAPTNOT LIE TO XPOVO, Katd
TNV EKQOPTION TTUKVWTN

210 oxnua 10-8 gaivetal Twg PETABAAAETAI N €vTaon TOu PEUPATOG, KATA
TNV EKQOPTION TTUKVWTH, O€ oUVAPTNON ME TO XPOvo. To pelha eKQOPTIONG TOU
TTUKVWTA pNdevieTal TTpakTIKA o€ Xpovo t=5RC atd Tn oTIydr TToU KAEgivel 0
dIaKOTITNG O.

H tdon Tou avmioTdtn Vg gival ion pe v 1don V¢, a@ou o TTUKVWTAG Kal O
avTIoOTATNG £XOUV Ta idIa AKpPA.

To @opTio TOU TTUKVWTA €ival:

q=CV¢, av n V. avtikataoTtabei amrd Tnv ékgpacn (10-6) 1oTe:

t
q=CV,eRe (10.7)

210 oxAua 10-9 @aivetal TTWG PETABAAAETAI TO QOPTIO TOU TTUKVWTH OE OU-
vapTnon Ke TO XpOvo.
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36,8%CV, 1

0 T

Zxnua 10.9. To diGypauua ToU QOPTIOU TOU TTUKVWT O OUVAPTNON UE TO XPOVo, yia
KUKAWUQa EKQOPTIONS TTUKVWTH

10-2. KukAwpa RL o€ og1pa oto D.C

a) Amokardoraon psUuuarog

270 oxnua 10-7 @aivetal KUKAWWPA, OTO OTTOIO 10aVIKO TTNVIo JE CUVTEAEDTA
auTteTTaywyng L ouvdésTtal o ocipd pe avTioTdrn mmou éxel avtiotaon R. To ou-
oTNUa TPOYOdOTEITAI ATTO TTINYA CUVEXOUG PEUNATOC TAoNG V péow SIaKOTITN.

Zxnua 10.10. KUkAwpua armmokardoracns peuuarog o€ mnvio

ApXIKG 0 BIaKAOTITNG O €ival AVOIKTOG KAl QUOIKA TO KUKAwMA dev dlappEeTal
ammé peupa. Tn xpovikr oTiyur t=0 o dIakOTTITNG KAEiVEl, ETTOUEVWG OTO KUKAW-
Ma apxilel va KukAo@opei pelpa. ETeidn n évraon Tou peUpaTog YeTaBAAAeTal
atoé TN TIYA Pndév, oTo TTNVio, cUPPWYA PE TO VOUO TNG QUTETTAYWYNG, Ba eu-
@avioBei eTTaywyikr Tdon Pe TéTola TTOAIKOTNTA TToU va avTidpd oTnv auénon
TOU peupaTog (kavévag Tou Lenz). H etaywyikh Tdon Tou TTnviou ePTTodidel TNV
évtaon Tou peluaTog va ¢Bdcel akapiaia oTnv TEAIKR TNG TIUA.

Av 10 KUKAWPa dlappéeTal atro peupa Eviaong | Kal EQAapPooTEi 0 2° vOUOog
Tou Kirchhoff, TrpokUTTTEI N OYéON:
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V-IR-V, =0 A

= V-IR-L—==0 (1

v =LA a0
At

Otrou, V n tdon ¢ TTYNGS Kal V. n Tdon atré auTeTTaywyr] oTo Trnvio.
H oxéon (1) eival dilagopikn egiowon kal €xel Adon Tnv:

\Y

Ry
1-et ] (10.8)
Ro
Otav:t=0, et =1=1=0.
AnAadn n évraon Tou peupaTog EXel TINA INOEV OAIG KAEioEl 0 BIAKATITNG.
R
Otavtsw, et =0=1= %
AnAadn, n évtaon Tou PeUPATOG TTAipVEl TNV TEAIKA TNG TIUA BewpnTIKA O€
ATTEIPO XPOVO.

\

Orav: t=1, |=¥(1-e-1)= (1-0,368)=0,632—-.
R" R R

o] <

AnAadn o6tav pecoAafroel xpoévog t = % aTTd TN aTIYMN TToU Ba KAgioel o dia-
KOTITNG © N TIYR TNG €vTaong Tou peupaTog gival 1o 63,2% Tng TEAIKNAG TIUAG TNG.
H ota@epa 17 = % ovoudadeTal oTabspd xpOvou TOU KUKAWMATOG.

H évraon Tou pelpatog TTPaKTIKA @OAvel 0Tn TEAIKA TNG TIKN, aQoU YEGOAA-
Brioel xpdvog t=51 atrd TN oTIyur| TTou Ba KAgio€l 0 dIAKOTITNG .

210 dIdypappa Tou oxnuarog 10-11 gaivetal TTwg PETARBAANAETAI N EvTAON TOU
peUPATOG O CUVAPTNON WE TO XPOVO.

Al

lo

0,632 1

t

T 27 3T 41 57 6T

2xnua 10.11. To didypaupua NS Eviaons ToU PeUUATOS O OUVAPTNON UE TO XPOVO yia
TO KUKAWUa armokardoracns peuuarog o€ mnvio
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Av n (1) emAuBEi wg TTpog V,:
V =V-IR, n avtikardotaon TG | e Tnv ékppaocn (10.8) divel:

V _Et _Et
V =Veo|1-et RV V-V 1-et |5V V-V ve

Ry
(I
R

V. =Vel (10.9)

210 oxnua 10-12 @aivetal Twg HETARAAAETAI N TAON TOU TINViou 0€ cuvapTN-
orn UE TO XpOvo.

Vi)
\%

36,8%V +=emns

L Eo

L]
L]
:
T

of

Zxnua 10.12. To diaypauua NS TGONS GTO TTNVIO O€ CUVAPTNON LE TO XPOVO, YId TO
KUKAwUQ armokaraoTacn§ peUUAros o€ mnvio

H tdon Vg Tou avTioTdrn ivai:
Vr=IR, n avtikatdotaon 1ng | ye v ékppacn (10.8) diver:

R
\A =¥(1-eLtJR:>
R

R
VR=V[1-eftJ (10.10)

210 oXAMa 10-13 @aivetal TTwg PETARAAAETAI N TGoN Tou avTioTdTn R o€ ou-
vapTNOoN JE TO XPOVO.

Vr(t)
Vv
63,2%V ;

T
1
i
L}
L}
1
-
—

2xnua 10.13. To didypauua NG TAONS TOU QVTIOTATH O OUVAPTNON UE TO XPOVO, YId TO
KUKAwuQa ammokar@araong peUuaros o€ mnvio
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B) Alakotry peUATOG
270 KUKAwpa Tou oxnuatog 10-14, o petaywyog & apxikda Bpioketal atn B€on
A. Etropévwg 10 peupa trou diappEel To KUKAwpa Ba givar |,= % Tn xpovikn

oTiyun t=0, o peTaywydg & petapépetal otn Béon B. Ereidn n iy tng éviaong
TOU peUpaTog PETABAAAETaI, gu@avifeTal oTo TTNVio Tdon atmmd auTeTTaywyn HE
@opd TToU va avTITiBeTal oTnV heiwon Tou pevpatog (kavovag Lenz). ‘Etol, n
TIMA TNG €vTaong Tou peupaTog &€ undeviletal akapiaia aAAd otadiakd.

R L

Zxnua 10.14. KikAwpua S1akoTTHS pEUUATOS O TTNVIo

H epappoyn Tou 2° vopou Ttou Kirchhoff divel:

V. -IR=0

Al
=-L—-IR=0 (1
VL=Lﬂ At ()
At

H (1) sival diagopikn e€icwan kai £xel AUan Tnv:

I=l,eT (10.11)

Ry

Nat=0, et =1=1=l1,.

AnAadn TN Xpovikn oTiyun t=0 n évraon Tou peUPOTOG €XEI TNV TIUA TTOU €iXe
oTav o petaywyog ATav otn Béon A.

R,

MNatoow, et =0=1=0.

AnAadn, 1o pevpa pndeviletal BewpnTikG ce dmeipo Xpoévo. BeBaiwg Tpa-
KTIKA 0 PNdeVIOPOG Tou peUPATOg ETTEPXETAI O€ Xpovo t = 51. OTToU T=% n

oTa0epd xpdvou.
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210 oxpa 10-15 @aiveral Twg PeTaBAAAeTal N évTaon Tou PEUPATOG OE OU-
vAapTNOoN JE TO XPOVO.

A6 Tnv (1) TTpOoKUTTITEI yIa TNV Téon TO TTNVviou N oxéon:

V. =IR, av n | avtikatacTtaBei ammd tnv ékppaon 1ng (10.11):

R

V. =IRe" (10.12)

AI

0,368 I

t

T 27 3t 47 51 6T

Zxnua 10.15. To diaypauua NS EVIaons Tou PEUUATOS OE GUVAPTNON LIE TO XPOVO, yia
KUKAwpa S1aKoTTnS peUUATog Tnviou

210 oxNua 10-16 aivetal N HETAPBOAN TNG TAONG TOU TTNVIOU G€ CUVAPTNON
ME TO Xpovo.

Vi(t)
| t

0 ’ T
RI,
Zxnua 10.16. To didypauua NG TACNS TOU TTHVIOU O€ oUVAPTHON UE TO XPOVO, yia
KUKAwua 61aKOTTNG PEUIATOC TTNViOU

10-3. Eqpapuoyég

Epappoyn 1n

MukvwTAG €xel XwpnTIKOTNTA € = 2uF Kal QopTifeTal HEOW avTioTAONG
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R =5 KQ, amré mnyn 1dong V = 10 V. Na utroloyio6¢i n 1don V, Tou TTUKVWTA
META Xpovo t = 20 ms atrd TNV £vapén NG eopTIong.

R C

Auon

H tdon Tou TTUKVWTA diveTal atmd Tn oxéon:

ot __20ms
V, =v(1-eRC]:vc =10v(1-e2“F5KQ]:>

20

=V, =1ov(1-e'10j:»vc =10V(1-¢?)=

V, =10V (1-0,135) = V, =8,65 V

Epappoyn 2n

MukvwTng £xel xwpnTikdoTNTa C = 3uF kai @opTideTal péow avtiotaong R = 2
KQ, ammé mnyA 1adong V = 12 V. K&toia xpovikr oTIyur 70 peUPa TTou dlappécl
TO KUKAwa gival | =4mA. Na utroloyioB¢ei To popTio q Tou TTUKVWTA; MNooo gival
TO TEAIKG POPTIO TOU TTUKVWTHA;
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Auon
a) Av epappooBei o 2° kavovag Tou Kirchhoff 010 KUKAwpa AauBaveral n
oxéon:

V-IR-V,=0(1)

To @opTio evog TTUKVWTH diveTal aTTd TN oxéon:
- -9
q=CV¢e = V,==(2)
C
ATTO TIGg ox€oelg (1) kai (2) émeTal:
V-IR-3=0=9_v_IR=
C C
g=(V-IR)C = gq=(12V-4mA - 2KQ) - 3uF =
= q=4V - 3uF = q=12uC

B) To @opTio TOU TTUKVWTH diveTal atrd Tn oxEon:
q=CV¢ (3)

H 1don Tou TTUKVWTH diveTal atro Tn oxXEon:
b
Ve =V[1-e RC] (4)

Otav t—oo, e RC =0 dpa n (4) yivetar:
V=V (5)
ATIO TIG o)éoelg (3) Kal (5) TTPOKUTITE

qo=CV = q,=3uF - 12V = q, = 36 uC.

Epappoyn 3n

KUkAwpa @épTiong TTUKvwTr atroTeAeital, amd mnyA tdong V = 15V, avrti-
otatn R = 5KQ kai Tukvwt C = 6uF. Katroia aTiyur n 10N Tou TTUKVWTA gival
V. =12 V. Na uttoAdoyioBouUv:
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a) H evépyeia Tou TTUKVWTHA.

B) O xpOVOG TTOU OTTAITEITAI VIO VO POPTIOOEI O TTUKVWTHG TEAEIWG.

y) H BeppdtnTa Tou €xel avatttuxBei oTov avTIoTATn aTTd TN OTIYUI) TTOU OapXi-
el N QOPTION, MEXPI N TAON TOU TTUKVWTNA Va Yivel Ve = 12V

Auon
a) H evépyeia TTou cival ammoBnkeupévn O’ éva QOPTICHEVO TTUKVWTH gival:
W =%CV§ =W =%6pF-(12V)2 —W =432uJ

B) MpakTIKA 0 TTUKVWTAG QopTICeTal TEAEIWGS UoTEPA aTTd 5 0TABEPES XPOVOU
ato TNV évapén TG eoépTnong. H otaBepd xpovou civai:
T=RC = 1=5KQ - 6yF = 7=30ms
ETmropévwg o TTukvwTrG Ba @opTioBei TTANpWS HETA XpOVou:
t=561 =>t=5-30ms = t=150ms
y) Na va yivel n Tdon Twv oTTANICPWY £vOg TTUKVWTA Vi, TTPETTEI va QopTIoBEI
ME @opTio qc. To gopTio KiveiTal o dlagopd duvauikoU V. ATTd Tov OpIoHO TNG
dlapopdg duVAUIKOU TTPOKUTITEI TTWG N EVEPYEIX TTOU aTTOdIdEl N TNV €ival:
W, =V - qc(1).
‘Eva Yépog TnG evépyelag TTou atmodidel n TNy KatavaAwveTtal atmd TNV R wg
BepuotnTa Joule Kai To UTTOAOITTO ATTOBNKEUETAI OTOV TTUKVWTA. AnAadn:
Wi = Qg + We(2)
otmou Q. n BeppodTnTa TTOU aTrodideTal atnv avriotaon kai W n evépyeia Trou
atroBnKeUETAI OTOV TTUKVWTH.

H evépyeia Tou TTukvwtr) divetar amod 1n oxéon: W, = %CVS (3)
A6 TIg oX€oelg (1) (2) kai (3) TTpokUTTTEr: VQ, = Q) + %CVS (4)
Opwg 10 POoPTiO TOU TTUKVWTH €ival:

gc = CV¢ (5)
ATTO TIG oX€oelg (4) Kal (5) TTPOKUTITEL:
VCVC = QR+ %CVS = QR=CVVC' %CVCZ =

= Q, =6pF-15V12V—%6pF(12V)2 = Q, = 1080pJ — 432uJ = 648uJ
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Epappoyn 4n

KUkAwpa @oépTIong TTUKVWTH, KATTOI OTIYWN diappéeTal atrd pelpa | = 4mA.
Na utroAoyiocBouv:

a) H péyiotn TiyA TnG évTaong Tou peUPATOG TTOU dIappPEEl TO KUKAwUA

B) H tdon ota dkpa NG avtiotaong R, étav | = 4mA.

Y) H 10x0g pe Tnv otroia n NAEKTPIKA EVEPYEIQ PETATPETTETAI OE EVEPYEID NAE-
KTPIKOU TTEdIOU OTOV TTUKVWTH

Aivovtal R =2 KQ, C=0,1 yF, V = 20V.

R C

Auon
a) H évtaon Tou peupaTtog 1ou diappéel To KUKAWPA @opTiong diveTal atrd Tn

oxéon:

vV L
I=—eRC (1
R (1)

-2 \% 20V
dravt=0 merc =18 =Y | =2 —qomA.
max R max 2KQ

B) ZUppwva pe Tov vopo Tou Ohm, n Tdon ota akpa ¢ R eivat:
Ve=IR = Vg=4mA -2 KQ =8V

y) H 10XUg pe Tnv oTToia N NAEKTPIKA EVEPYEIQ JETATPETTETAI OE EVEPYEIQ NAE-
KTPIKOU TTediOU OTOV TTUKVWTH gival:

Pc=Vcl (2)
H epappoyn Tou 2° kavéva Kirchhoff ato KUkAwpa Sivel:
V-IR-V;=0=V;=V-IR(3)
A6 11 (2) kai (3) TTPOKUTITEL

Po= (V- IR)l = Pg = (20V — 4mA2KQ) 2mA = P; = 12V - 2mA = P, = 24 mW.
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Epappoyn Sn

MNa 1o KUKAwPa Tou oxruartog divovral:

R =2KQ C, = 6uF, C, = 2uF C; = 1uF ka1 V = 17V Na utroAoyioBouv

a) H otaBepd xpOdvou TOU KUKAWMPATOG

B) H 1@d0on kaB¢ TTUKvWT éTAV N TIUA TNG €VTAONG TOU PEUNATOG TTOU DIappPEE!
TNV TTNYyN €ivai | = 4mA

Gy

Auon
a) ApXIKG uttoAoyiZeTal N OAIKH) XwpeNTIKOTATA TWV TTUKVWTWV.
O1 rukvwTég C, kai C, ival ouvdedepévol TTapdAAnAa. ETTopévwg:

C,3=C,+C; = C,3=2uF + 1yF = C,,; = 3pF.

OTT0TE TO KUKAWPA PJETOOXNMUATICETAI OTO:

R Ci GCos

O1 rukvwrég Cy kal C, 5 eival ouvdedepévol o€ OgIpd apa:

_ CCys - _ 6uF3pF .

- CCa C,, = 24F.
*TC,+C,, | GuF+auF o h
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To KUKAWWPO PHETAOYNUATICETAI OTO:

R Con

H o1abepd xpdvou Tou KUKAWHATOG gival
1=RC,, = 1=2KQ - 2uF = 1=4ms.

B) Av n 1aon Tou C,, gival Vg ,3, TOTE ATIO TNV €@apUoyr Tou 2° Kavova
Kirchhoff ato TeAeuTaio KUKAWPa ETTETAL:

V - IR = VC1,2,3 = O 3 VC1,2,3 = V = IR :> VC1,2,3 = 17V - 4mA . 2KQ :>
= Vc1’2’3 = 17V = 8V = Vc1’2’3 = 9V

O1 ukvwTég C, Kal C, 3 agoU gival uvOedEUEVOI OTN OEIPA £XOUV QOPTIA ioa
ME TO OAIKO OPTIO Q,3. ETTOMEVWG

Q1 = Q23 = 0423 = C\Vei23 = 9y = 2uF - 9V = q, =18uC
Ouwg

:i:v1=@

V.
' C, 6uF

=V, =3V.

O1rwg @aivetal atrd 10 SeUTEPO KUKAWMPA
Veizs= Vit Vo = V3= Vo=V 2 V,3=9V -3V = V,; =6V.
Etreidn o1 ukvwtég C, kal C, gival ouvdedeuévol TTapdAAnAa:
V,=V;=V,; = V,=6V, V;=6V

Epappoyn 6n

MNa 1o KUKAwPA Tou oxRuatog divovral:
R, =20KQ R, = 5KQ R, = 1KQ C = 4puF ka1 V = 20V. Na utroAoyioBouv:
a) H otaBepd Xpdvou ToU KUKAWNATOG
B) H pé€yiotn Tipn NG €viaong Tou peUPOTOS TTOU QOPTICEI TOV TTUKVWTH.
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Auon
a) ApxIkG BpiokeTal To 1I000UVAPO Katd Thevenin KUKAwua PETAED Twv On-

Meiwv A kai B.
OT11wg gival yvwoTé n Vo gival ion pe TNV V. MNa va uttoAoyio0ei n V,g €TT1-

AUETAI TO TTAPAKATW KUKAWPA

21ov Bpoxo AMHZA spapudletal o 2°¢ Kavévag Kirchhoff, otrore:
V-IR,-IR,=0 = V-IR,+R,)=0 = IR, +R,) =V =

\Y 20V

Sl=— " —|=0,8mA
R, +R, 20KQ +5KQ

ETreidn n R, dev diappéeTal atmd peupa,
Vig=V,=1"R, 2 Vg =0,8mA5KQ = V,5. =4V dpa V, = 4V.
MNa Tov Tpoadiopioud TNG Ry, atroouvdéetal n TTnyn V kail atn 8€on Tng T0-
TToBETEITAI BPAXUKUKAWUA, OTTOTE TO TTPONYOUNEVO KUKAWUA YIVETOI:

R4 Rs
_.A

Ry

[ ]
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H oAikA avtioTaon peTagu Twv onueiwv A kai B gival N Ryy,.
O1 avmioTaoeig R, kal R, gival cuvdedepéveg TTapaAAnAa, ETTOPEVWG
_ RR, _ 20KQ-5KQ
12 R 4R, " 20KQ+5KQ
1 2

R,, = 4KQ

To KUKAwpQ YiveTat:

[t
Ri2
B

Or avriotaosig R, , Kai R; gival ouvdedepéveg o€ ogipd apa
Ra=Ri2+R; = R, =4 KQ+1KQ R, =5KQ emopévwg Ry = 5KQ.
Apa 10 apXIKO KUKAwUa Ba JETaOXNMUATIOTEN OTO:

RTH =5KQ

o>

Vrn=4v C=4yF

e

Emropévwg n otaBepd xpdvou Tou KUKAwPATOG Ba givai:
T=R,,-C = 71=5KQ " 4uF = 1=20ms.
B) To pedpa TTOU QOPTICEl TOV TTUKVWTH diveTal atod Tn oxEon:

| = Vi @R C

TH
° 4V

Otavt=0, = e ™® =1 ="m oy = _ggma.
R, 5KQ
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Epappoyn 7n

KUKAwPa €K@OPTIONG TTUKVWTI OTTOTEAEITAI ATTO TTUKVWTA ME XWPnTIKOTATA
C = 10uF ka1 avriotaon R = 2KQ. O TTUKVWwTAG apxIka £xel @opTio g, = 50 uC.
Na utroAoyicBouv:

a) H otaBepd xpdvou

B) H Tdon Tou TTUKVWTH HETA Xpdvo t = 80mS atd Tn oTIyuA TToU apxicel n
EKQOPTION.

(@)

Auon
a)T=R-C = 1=2KQ10uF = 1= 20ms.
B) H Tdon Tou TTukvwTr diveTal atd Tn oxéon:

t
V., =Vete (1)
Opwg:

Vo=2 @

A6 Tig oxéoelg (1) (2) =

=50pCe_80ms
¢ 10uF = 20ms

VC = q_oeé
C

Vg = 5Ve* = V., =5- 0,018V = 0,09V

Epappoyn 8n

Mukvwtng C = 0,1uF gival apxika gopTiIopévog o€ Taon V, = 100V. O TTukvw-
TAG eKPopTiCeTal Jéow avTioTaong R.

Na uttoAoyioBei n BeppdTNTa TTOU €XEI avaTTTuXBei oTnVv avTiotaon R, étav 1o
POPTIO TOU TTUKVWTA €xel yivel q = 2uC
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Auon
H evépyela Tou TTUKVWTH MEIWVETAI, KOBWG eKpopTieTal. ZUPPWva PE TV

apxn diatnpnong TNG EVEPYEIAG, N WETARBOAN TNG EVEPYEIAC TOU TTUKVWTH Ba givai
ion e TNV BgpudTNTA TTOU AVATITUCOETAI TNV AVTIOTAOT). AnAad:

Wer = We, = Qg (1)

1
W, = ECVOZ (2)

1¢°
Wcz EE (3)
A6 Tig oxéoelg (1) (2) kai (3) EmmeTal:
Tove- 19 Q. = 20, 1uF (100V (2pe )
J— - = :> =_’ -— :>
2 % 2c *® R=H 0,1uF

Q; = 500pJ - 20pd = Qg = 48=480uJ.

Epappoyn 9n

MukvwTtng C = 8uF ekgoprTiCeTal péow avtiotaons R = 1 MQ. Na uttohoyioBei
0 PUBNOG e ToV OTToI0 EAATTWVETAI N TAON TOU TTUKVWTA, 6Tav N TAan Tou gival
Ve =160V

Auon
ETTe1d o TTUKVWTAG Kal N avTioTaon €Xouv Ta idla akpa, £Xouv ioeg TACEIG.
EtTopévwg:

Ve =Vr(1)
ZUu@wva Pe Tov vouo tou OM:
=R (2)
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ATIO TIg ox€oelg (1) Kai (2) émeTat:

VC=IR = |:£:|:M

— 1 =160pA.
R 1MQ

Opwg 10 pelpa EKPOPTIONG TOU TTUKVWTH €ival:

2oAVe | AV L AV _160pA | AV, _ 00V
At T At C At O1uF At s

Epappoyn 10n

KUKAWPaO aTTOKATAOTAONG PEUPATOG TTNVIOU aTToTEAEITAI, ATTO 1I8AVIKO TThVio
L = 10mH avriotdm R = 2 KQ kai TTnyr V = 20V. Na uttoAoyioBouv:

a) H otaBepd xpOvou TOU KUKAWMNATOG

B) H évraon Tou pelpatog, otav £xel peooAaBroel xpoévog t = 15us amoé Tnv
TPOPOdOTia TOU KUKAWHATOG

a) H otaBepd xpovou civai:

r=l o
R 2KQ

B) To pedpa ToU KUKAWMATOG diveTal atmd Tn oxéon:

R K
1=Vt | = 1= 2 | gromn ™|
R 2KQ

I = 10mA(1 —e?) = | = 10 mA(1 - 0,05) = 9,5mA.
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Epappoyn 11n

270 KUKAwPA Tou oxruartog divovral:

L=25mHR=2,5QYV =25V. a) Na uttoAoyioBei n évraon Tou peUuaTog TTou
dlappéel To KUKAwMa av n Tédon Tou TTnviou gival V|, = 20V.

B) Molog gival o puBudG PeTaBOAAG TNG évTaong Tou peupaTog étav V= 20V,

R L

a) H epapuoyry Tou 2% kavéva Tou Kirchhoff divel Tn oxéon:
V-IR-V,=0 = 1R=V-V, =

V-V, 25V-20V
= ==
R 2,50

I =1=2A

B) H tdon oT1o TTNvio, gival Tdon atmd auTetTaywyn Kal divetal atrd 1n oxEon:

V
VLzLﬂjﬂz_L:ﬂz 20V :8000A
At At L At 2,5mH s

Epappoyn 12n

To pevupa tTou dlappéel To KUKAwPa Tou oxfpaTog £xel évraon | = 100mA. Na
uttoAoyIiocBouUv:

a) H 1ox0g 1Tou TTapéxel n Tnyr oTo KUKAwUa

B) O puBudg e Tov OTTOIO N NAEKTPIKA EVEPYEIA PETATPETTETAI O€ BEPUOTNTA
oTnv avriotaon

y) O puBudég ue Tov oTToio AUEAVETaIl N EVEPYEIQ TOU PAyVNTIKOU TTEdiou OTO
Tnvio.

Aivovtai: R=10Q L = 20mH V = 40V.
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Auon
a) H 1ox0g 1Tou TTapéxel Jia Tnyn ivai:
Pm=V - IPm=40V - 100mA = 4W.

B) O puBudg e Tov OTT0I0 N NAEKTPIKA EVEPYEIA PETATPETTETAI O€ BEPUOTNTA
gival:

£=PR =I2R:£=(1OOmA)Z-1OQ =100mW.
At At

y) Z0powva Pe TNV apxn diatinenong TG eVEPYEIOS N evEPYEIQ TTOU TTapPE-
XEl N TTNYN OTO KUKAWWUQA, JETATPETTETAI O€ BEPUATNTA KAl EVEPYEIQ PAYVNTIKOU
mediou. AvTtioToIxa n 10XUG TNG TTYNG YiveTal 10X0¢ Joule Kal 10XUG eVEPYEIOG
payvnTikouU TTediou. ETrouévwg:

P,=Pg+Py = P,=P,-Pz = P, =4W- 100 mW = 3,9W.

Epappoyn 13n

MNa 1o KUKAwPa oxnuartog divovral:

R=6QL,=3mHL,=4mHL;=12mHV =15V

Na utroAoyicBouv:

a) H otaBepd xpodvou.

B) O pubuodg peTaBoAAS TNG €vTaONG TOU PEUPATOG TToU dlappéel TNV TTNyn,
oétav 1o pelpa £xel éviaon | = 1A.
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Auon
a) Ta mnvia L, L, kai L, eival ouvdedepéva TTapdAAnAa, ETTOPEVWG O GUVTE-
AEOTAG QUTETTAYWYAG TOU KUKAWMOTOG UTTOAOYICETaI ATTO TN OXEON:

1_1 .1 .1 1 1 1 1
= + + +

—t— = — = f—
L L1 L2 L3 L 3mH 4mH 12mH

S4*3+1 1.8 L -15mH

- 1
L~ 12mH L 12mH

dpa 10 KUKAWPA JETOOXNMUATICETAI OTO:

R L

H o1abepd xpdvou TTou TTPpOoKUTITEI gival:

L 1,5mH
T=—=T=
R 10Q

= 1=150ps.

B) H epappoyn Tou 2°¢ Kavova Kirchhoff oto TeAeutaio KUKAwa divel:

V-IR-V, =0 (1)

Ouwg:
V, = L% (2)

ATT6 TG oxéoelg (1) kal (2) émeTal:
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V-R-LA oo Ay g AL VIR AT T5V-1A60
At At At L At 1,5mH
=& - 60002
At S

Epappoyn 14n

lNa 10 KUKAwPa Tou oxAMaTog divovTal:
R,=3Q,R,=6Q,R;=2Q,R,=6Q,L=10mH, V =27V:

Na utroAoyicBouv:

a) H otaBepd xpOdvou TOU KUKAWNATOG

B) H téon tou trnviou étav 10 diappéel pelua éviaong | = 1,8A.

R1 Rs

Auon
a) MNa va uttohoyioBei N oTabepd xpovou, TTPETTEI TO KUKAWUA VA JETAOXNHO-
TIoOei 0710 10080Vapo Katd Thevenin. Otav amoouvdeBei To TTNViIO To KUKAWUA
yiveral:
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O1wg eival yvwoTo Vo, = V. TNa va uttohoyioBei n tdon VAB, Tipétel va
EMAUBE TO TTAPATTAVW KUKAWWA.
H epappoyn Tou 2° Kavova tou Kirchhoff atov Bpdyo MAZHI diver:

V-IR,-IR,=0 = V-I(R,+R,)=0 =

\Y, 27V I=27V:>I=3A_

=1- == =
R, *+R, 3Q0+6Q 90

ANG V5 = V,, agou ol avTioTdoelg R, kal R, dgv diappéovtal atrd peuua.
V,=1IR,=V,g = V,s=3A-6Q =18V

Etopévwg
Vo, =18V
MNa va Bpebei n Ry, attoouvdéeTal N TNy a1rd T0 KUKAWMA Kal avTiIKaBioTa-

Tal € BPAXUKUKAWUA.

R4 R3

O1 avrioTdoeig R, kai R, cuvdéovtal TTapdAAnAa eTTOPEVWIG:

_ RR, _ 3060

12 RaR, 2 T3neeq e TAY

To KUKAWWG pETAOXNUATICETAI
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Etopévwg:

To apxiké KUKAWPQ yiveTal:

Ry
VTH=4V L
Etropévwg n otaBepd xpdvou eival:
L _10mH _
=—=———=1ms.
R;, 10Q

B) Av epappocBei o 2°¢ Kavovag Kirchhoff o1o TeAguTaio KUKAwa, AapBave-
TaI N oxéon:

V-IRy-V, =0 =V, =V-IRy =V, =27V-1,8A-10Q =
=V, =27V -18V = V_ = 9V.

Epappoyn 15n

270 KUKAWHQA TOU OXAMOTOG O JETAYWYOC & Trnyaivel atro 1 Béon A otn B€on
B tnv xpovikA oTiyun t = 0. Na uttoAoyioB¢i To pedua Tou Trnviou petd xpodvo t =
20ms. Aivovtai L=16mH R =4QV =20V.

R L
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Auon
Tnv XpovikA t = 0 To TTnvio diaappéeTal atrd To peluaA, TTOU TO BIEPPEE OTAV O
SIaKOTITNG ATAV 0T B€é0nN A.
Apa:

20V

| =" o), =5A.
4Q

0 0

Vv
=—=|

R

To pelpa TTou diappéel To TIMvio, OTav 0 HETaywyog ival oTn Béon B divertal
atro TN oxéon:

R 4Q

I=l,e’t = |=5Ae T - 20ms = | = 5Ae”® = 33,7mA.

Epappoyn 16n

210 KUKAwpa Tou oxruatog divovral L = 10mH, R = 2Q, V = 20V. Tn xpovikn
oTiyun t = 0 o peTaywyog Tnyaivel ato 1n 8éon A otn 6éon B.

Na utroAoyioBei n BeppdTnTa oTNV avtiotacn R, étav 10 pedua oTo TTNVio
yivel | = 2A.

a5

TB

Auon
Tnv xpovikn oTiyuf t = 0, To TTNVio dlappéeTal atrd To peUNA, TTOU TO DIEPPEE
oTav o petaywyog & Atav otn Béon A. ETTopévwg

h=v o, =2 ) =10A
R 20

KaBwg n éviaon Tou peUPOTOC MEIWVETAI, PEIVETAl KAl N €vEPYEIQ TOU
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payvnTikoU Trediou, TTou peTaoxnuaricetal o Bepudtnta. ETTOpéVWG n BepudTn-
Ta oTNV avtiotaon R Ba gival ion pe TNV JETABOAA TNG EVEPYEIAG TOU PayvnTIKOU
mediou.

W, - W =Q (1)
1

W, =Z LI = (2)

W=lLP =3)
2

Ao 116 (1) (2) kau (3) ETTETAN:

Te-tie=q=a=l1omH(10A) - TomH(2a) =
2°° 2 2 2

= Q=500mW - 20mW = Q =480 mW

10-4. NpoBAfuara mpog Auon

1° MukvwTng €xel xwpnTikotnTa C = 3uF kar goprtifetal ammd mnyn tdong V =
12V, yéow avrtiotaong R = 4KQ. Na utroAhoyioBei n 1don Tng avriotaong

META Xpovo t = 24ms a1rd TNV £vapén TnNG YOpTIoNng
(1,62V)

2° KUkAwpa @opTiong TTUKvwTr atroteAeital atrd avriotaon R = 100Q, TTukvw-
™ C = 0,01 puF ka1 TNy 1@dong V = 100V. K&trola oTiyuA n 1Gdon Tou TTUKVW-
™ gival V; = 1V. Na uttohoyicBouyv:
a) O peyioTog pubudg HETABOAAG TNG TAONG TOU TTUKVWTH.
B) O puBu6S peTaBoAng TnG Taong otav Ve = 1V.
108!, 9,9-107K
S S
3° Avriotaon R = 1MQ cuvdéetal o€ ogipd pe TTukvwr C = 10pF. To ouoTnua
Tpogodorteital atrd Tnyn V = 10V. Na uttoAoyioBouv:
a) H Bepuokpaaia mou ekAUeTal oTnVv avTiotaon R, péxpl o TTUKVWTAG va
QOPTIOTEI TTAAPWG.
B) O puBudg PeTABOANG TNG TAONG TOU TTUKVWTK TN OTIYUA TTOU N evEépyEIa
Tou TTUKVWTH gival W¢ = 20 pJ.
(5000, 0, 8% )
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4° NMukvwtic C = 100uF @oprTiletal péow avTioTaon R amé myn 1éong V
= 20V. Na utroAoyicB¢i TTO00 QOopTIo QPEPEI O TTUKVWTAG TN OTIYMI TTOU £XEI
avatrTuxBei BepudTnTa Q = 15mJ oTnVv avriotaon.

(1TmC)

5° nato KUKAwpa Tou oxfjpatog divovtar: R, = 4KQ, R, = 3KQ, R, = 6KQ, C =
12uF, V = 12V. Na utroloyioBouv:
a) H otaBepd xpovou
B) H évraon Tou pedpaTog TTOU diappéel KABE avTioTdTn Otav n 1aon Tou
TTUKVWTN €ival Vi = 6V.

R
R1 C
| R,
(72ms,
\Y I, = 1mA
I, = 666,66uA

I, = 333,33uA)

6° ra o KUKAwpa Tou oxAuartog divovtal R, = 1KQ, R, = 6 KQ, R, = 4KQ, R,
= 2KQ, C =6 yF, V = 18V. Na utroAoyicBouv:
a) H otaBepd xpodvou
B) H tdon Tou TTukvwTn oTav I; = 1 mA.

R4 R3

Ry (36ms, 6V)

7° MukvwThg XwpenTikdTnTag C = 2uF cival @opTiopévog. H evépyeia Tou TTu-
Kvwth givar W, = 360mJ. O TTuKvwTNG ek@opTifeTal péow avtiotaong R =
10KQ. Katrola oTiyuy n tédon tou TTUKVWTA €ival Vi, = 200V. Na utroAoyi-
oBouv:
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80

90

a) H évtaon Tou pevparog 6tav Ve = 200V
B) To o006 Tng BepudTnTag otnv R péxpl Tn oTiyuA mmou Ve = 200V

R

(20mA,320m.J)

MNa 1o KUKAwpa Tou oxnpatog divovtal C, = 2uF, C, = 3uF, R, = 2KQ, R,
= 4KQ. O1 TTukvwTég gival eopTiopévol kal o C, @épel opTio g, = 6uC. Na
utToAoyIoB0UV:

a) H otaBepd xpOvou TOU KUKAWNATOG

B) To 1006 TNG BepudTNTAG TTOU €XEI KATAVOAWDBEI OTIG avTIOTAOEIG, OTAV
Ol TTUKVWTEG £X0UV EKQOPTIOBEI TTARPWG.

G4

Cz

(30ms, 22,5 uJ)

Mukvwtig C = 3uF cival goptiopévog oe 1éon V, = 20V. O TTUKVWTAG
ek@opTifeTal yéow Twv avtioTdoewv R, = 3KQ, kal R, = 2KQ, TToU €ivai
ouvoedepéveg o€ oeipd. Na uttoAoyioBei To TToodv TnNG BepudTnTag TTOU
eKAUeTaI o€ KABE avTioTaon, Tav O TTUKVWTAG EKQOPTICETAI TTAHPWG.
(360ud, 240uJ)

10° Nnvio L = 20mH eivarl cuvdedepévo oe oeipd pe avriotaon R = 2Q. To

ouoTnua Tpogodoreital Ye TTnyn 1aong V = 6V. Na uttohoyioBei o pubudg
METABOAAG TNG €vTAONG TOU PEUPATOG HETA XPOVOo t = 1 ms atrd Tnv OTIyUA
TTOU ApXIoE va TPOPOdOTEITAI TO KUKAWWQ.
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|

V
/ {271,455
S

o ’ I , , ’, , ’
11 ° Kikhwpa aTroKaTdoTaong peUpaToC oe TMVio amoTeAeital amd Tnvio L =

10mH avtiotaon R = 5Q ka1 tnyn 1aong V = 10V. Kdtroia oTiyuf n evép-
YEIO TTOU £XEI ATTOTAMIEUOET oTO TTRVIO €ival W = 5mJ.
Na utroAoyio0¢i 0 puBPOS HETAPBOANG TNG £€VTOONG GTO TTNVio.

R L

o
/ 3

12° 510 KUKAwpa Tou oxfuarog L = 2mH, R = 25Q ka1 V= 100V. Katroia oTiy-

M N 10XUG, TNG NAEKTPIKNAG EVEPYEIAG TTOU KaTavaAdioketal otnv R cival Py
= 100W. lMoiog cival o puBudg HeTABOARG TNG éviaong ToU pEUPATOG OTO
TTNVio;

V
[25-103 A]
S

13° Na uttoAoy1o0¢ei N oTaBepd xpOVou Tou KUKAWMATOG Tou oXAMaToG: Aivo-

vial R, = 2Q, R, =3Q, R; =6Q, L, = 20mH, L, = 5mH, V = 20V. lNoia €ivai
N MEYIOTN TIUA TNG évTaong Tou peUNATOG;
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R1

(1ms, 5A)

14° Na utToAoYIG0Ei N oTaBEPG XPOVOU TOU KUKAWMATOG TOU OXANOTOG KaBWG
Kal 0 PEYIOTOG PUBNOG WETARBOANG TNG £vTaonG TOU PEUNOTOS OTO TTNvVio.
Aivovtai: R, =15Q, R, =4Q, R; =2Q, R, =R;=5Q, L=100mH, V = 100V.

R4 Ry

L
Rs (10ms, 4002 )
S

15° 510 KUKAwpPa Tou oxnuatog ival R = 5Q, L = 25mH, V = 100V. Tnv xpovi-
Kr oTiydn t = 0 o peTaywyog & mrnyaivel amo Tn Béon A otn Béon B. Katoia
OTIYMN N evEPyEIa Tou TTRviou givail To 81% Tng apxikng. Na uttoAoyioBouv:
a) H otaBepd xpOdvou TOU KUKAWMNATOG
B) O puBub6c peTaBOARG TNG €vTaONG TOU PEUUATOG

R L

J.>_

N A
(5ms, 3600 —)
S



KE®DAAAIO

HAEKTPIKEZ MHXANEZ

Eicaywyn
2T0 KEQAAQIO autd TTEPIypapovTal BACIKES EVVOIES KAl XQPAKTNPIOTIKA TwvV
NAEKTPIKWY Unxavwv.

2KOTTOC TOU KE@PaAdiou auTtou gival, va KATAVOROOUV O UABNTEC OE YEVIKES
YRAUUES TOV TPOTTO AEITOUPYIAC TWV NAEKTPIKWY UNXAVWVY, TO0O TWV YEWWN-
TPIWV OO0 KAl TV KIVNTHPWY OUVEXOUS Kal EVAAAAOOOGUEVOU PEUUATOS KAl
va emAdouv ammAd mpoBAnuara.
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Opiopoi

Q HAekTpIKA pNxavh ovouddletal KGBe dIATAEN n OTToi0 YETATPETTEI TN PNXA-
VIK] EVEPYEIQ 0€ NAEKTPIKA 1 avTiIOTPOPA A METATPETTEI TO XAPOAKTNPIOTIKA TOU
NAEKTPIKOU PEUNATOG.

Me Bdaon Tov opIGUO oI NAEKTPIKES UNXavES SlaKPivovTal OTIG £EMNG KATNYOPIES:

e MevvATpIEG: cival PNXAVEG O OTToIEG TTAPAAAUPBAVOUV PNXAVIKH evEépyela
Kal a1rodi®ouV NAEKTPIKN EVEPYEIQ.

e KivnTipeg: cival unxavég ol otroieg TTapaAauBavouv NAEKTPIKA evépyeia
Kal atrodidouv PUNXaviKr eVEPYEIQ.

e MeTaoXnMATIOTEG: €ival PNXAVEG O OTTOIEG TTAPAAANPBAVOUV NAEKTPIKN
EVEPYEIQ KAl TNV aTTodidouV O¢€ Wia 1 TTEPICTOTEPESG KATAVOAWOEIG HETAOXN-
MaTiCovTag TOUG OUVTEAEOTEG TNG 1I0XUOG, dNAadr Tnv Tdon (V) kai To peupa
(I, 6x1 Spwg TNV IoXU (P =V - I).

* AvopBwrTég: cival unxavég ol OTToiEC XPNOIKOTIOIOUVTAIl VI Th METATPOTIN
TOU eVOANAOOOUEVOU PEUPATOG OE OUVEXEG.

* JTPEPOEVOI HETATPOTTEIG: Eival PNXAVEG OI OTTOIEG PHETATPETTOUV TO EVOA-
AaoGCOPEVO peEUPO OE OUVEXEG KOl QVTIOTPOYA.

2Tn ouvéxela, £EeTAdoVTal TA TPIO TTPWTA €i0N NAEKTPIKWY PINXAVWY TA OTTOIx

OUVAVTWVTAI TTOAU ouxva oTnv TTRAgN.

11-1. Meraoxnuariorng (M/X)

KdaBe M/Z atroTeAcital atrd dUo Trnvia Kal €vav KoIvo Truprva atro aidnpo (o1-
dnpopayvnTikd UAIKO). Ta dUo TTnvia dev €xouv ouvhiBwg Tov idIo apIBud oTTel-
pPWV aAAd, To éva £xel TTEPIOTOTEPES ATTO TO AAAO (EKTOG TWV TTEPITITWOEWY TTOU
o M/Z xpnolyoTrolEiTal yia atTouovwaon).

To 1TnVvio O0TO OTT0I0 CUVOEETAI N TACT) TTOU TTPOKEITAI VA ETAOXNMATIOTEI OVO-
MadeTal TTPWTEUOV, VW TO TTNVIO ATTO TO OTTOIO TTPOKUTITEI N HETACXNMATIOMEVN
TAon OVOPALeTOl BEUTEPEUOV.

Kai Ta 800 trnvia utmopouv va XpnoidoTroinBolv wg TpwTelov ) deutepelov
avaAoya e TIG aTTAITACEIS TTOU UTTAPXOUV QPKEI va PNV UTTEPPRAiVOUE TIG TACEIG
YIQ TIG OTTOIEG TTPOOPICOVTAl.

ETriong, Ta duo tnvia (Tuliypara) evog M/Z dev £pxovTal 0 NAEKTPIKA ETTOQPN
TTOTE.
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270 OXAua TToU akoAouBei @aivovtal Ta Yépn evog M/Z kaBuwg eTTiong Kai n
OUMBOAIKA Tou TTapdaTacn.

: o1dNpoTTUPARVaGg
|1 |2

Tpwrelov =
o— = deutepeliov
MayvnTikij poR

(M/%)

>upBoAikr TrapdaTacn Tou M/Z

Zxnua 11.1. M/2 kai oupBoAikn Tapdoraocn autou

2uvdEovTag To TTPWTEUOV TTNVIO PE TTNYR evaAAaooOuEvNG TAoNg, dlappée-
Tal ATTO eVAAAAOCOUEVO pelpa. AUuTO OUWG, TTPOKOAEI adIGKOTIN PETABOAA TNG
HayVNTIKAG PORG OTO ECWTEPIKO TOU TTNVIOU KAl KOTA CUVETTEIA KAl OTOV TTUprva
TTOU €ival KOIVOGS Kal yia Ta dU0 TTnvia. AuTtd €xel WG aTTOTEAEOUA va UTTAPXE! Kal
oTn por, n oTroia gival aItia ePPAviong eVAAAAOOUEVNG TAONG OTA AKPa deUTE-

. . AD
pevovtog Tviou |V, =n- At

ATTodeIKvUETAI OTI, HETAEU TAOEWYV, PEUPATWY Kal apiBuoU oTTelpwv 1IoXUEl N
oxéon:

Yoo b (11.1)
n

ME TNV TTPoUTTOBe0N OTI N 10XUG Tou TTpwTeuovTog (V, - 1) gival ion trepiTrou pe
TNV 10X0 Tou deutepelovtog (V, - 1,).
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O1wg o€ kdBe pnxavr) £101 Kal oToug M/Z UTTApYXOUV ATTWAEIEG EVEPYEIAG PE
atroTéAeopa n 10XUG 0TO deuTePEUOV va gival Aiyo PIKPOTEPN aTTd TNV 1I0XU TOU
TTPWTEUOVTOG.

Etreidn dpwg o’ évav M/Z dev uttdpyouv KIvnTéd Pépn, auTd €XEl WG OTTOTENE-
OJa va pnv uttdpyouv attwAeieg Kail €11 o M/Z epgavidel peydho Babud amddo-
ong (~ 95%) o€ oxéon pe AAAEG uNXAVEG.

A6 Tn oxéon (11.1) TTpoKUTITOUV Ta £€AC oUPTTEPATUATA:

*EaGvn,>n, = V,>V,

21nv Tepirtwaon auth o M/Z ovouddletal utroBIBacThg Tdong d16TI UTTORIRA-
{el1 TNV TAON TOU TTPWTEUOVTOG.

*Edvn,<n,=>V,<V,

21NV TePITTwon auth o M/Z ovouddeTal avUPwTAS TAoNG dIOTI AVUWWVEI
TNV TAON TOU TTPWTEUOVTOG.

O1 M/Z gival pnxavég e gupeia Xpron oc KaBnuepivo emmiTedo Kal o€ TTOAU
ONPAVTIKEG AEITOUPYIEG TTOU a@opolV Tn dlaxXeipnon TNG NAEKTPIKNAG EVEPYEIQG.

‘ET01, yIa TN METAQOPA NAEKTPIKAG EVEPYEIOG ATTO TOV TOTTO TTAPAYWYNG TNG
xpnoigotroiouvtal M/Z aviywaong TAong yIaTi ol ammWAEIEG O€ evEpyEla gival
APEANTEEC OTAV N TACN ME TNV OTTOIO PETAPEPETAI N NAEKTPIKA EVEPYEIQ Eival
TTOAU pEYAAN.

O1 peyaheg OuwWG TACEIS €ival ETTIKIVOUVEG yia TOV AvBPWTTO Kai yia To Adyo
auTo xpnoiyotrolouvTal M/Z utroBIBacuou Taong €101 WOTE va eAATTWOEI N Téon
TOU JIKTUOU TIPIV TPOPOdOTNOBOUV KATAVAAWTEG (BIOUNXAVIEG, KATOIKIEG, K.A.TT.).

TéNog, eupeia xprion M/Z yiveral o€ NAEKTPOVIKA KUKAWMPATA, avopBwTIKEG
IaTAEEIG, TPOPODOTIKA, TTaIXVIOIA K.A.TT.

11-2. F'evvATPIES

O1 yevvATpIEG avaloya e To €i00G TOU peUPATOG TTOU TTAPAyOoUV JIGKPIVOVTAal
WG €GNG:
® YEVVATPIEG OUVEXOUG PEUMATOG: €ival OI YEVVATPIEG TTOU TTAPAYOUV CUVE-
X€G pelpa.
® YEVVATPIEG EVOAAAOCOUEVOU PEUPATOG: £ival Ol YEVVATPIEG TTOU TTAPd-
youv evaAAaoodueVo pela.
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11-2.1. Karaokeun - AsiToupyia yEVVATPIOG

AvegaptnTa a1rd TO €i00G TOUG OI YEVVATPIEG aTTOTEAOUVTAI ATTO TO OTATNH
(oT0BEPO PEPOG TNG PNXAVIG) O OTToI0G dnUIoUPYEl TO PayvnTIKO TTEdio Kal ToV
pPOTOpPA (KIVNTO PEPOG TNG MNXAVIG) TTOU OTIG AKPEG TWV CTTEIPWYV TOU TUAiyua-
TOG Tou gu@aviCeTal (avamTuooeTal) Tédon V.

PoTopag

A \‘\/ ‘;,;\; Y " E";
quméne S e, ;

SOKTUAIBIO yIO 0
AC 180N

Zxnua 11.2. Aouiké didypauua yevwnTpiag

H tmepioTpo@r Tou TTAQICiou TNG yevvATPIAg (pOTOPaAG) PECA GTO PayvNnTIKO
100 TTPOKOAEl HETABOAR TNG MayvnTIKAG porg AD aTo TTAQICIO PE ATTOTEAECUO
Va EPQAVICETAI ETTAYWYIKY TAON OTA AKPA TOU N OTToid €ival evaOAAaoOpEVN ava-
Aoyn pe TNV TaXUTNTA TTEPIOTPOPNG TOU TTAAITioU.

* TTOPAYyWYN ouveXoUg peupartog (yevviTpia DC)

Fiveral pe Tn BonBeia Tou CUAAEKTN, O OTTOIOG €ival évag UNXavikdg avopBw-
TAG, OnAadn petaTtpotréag NG AC tdong kai AC peupartog o DC tdon kai DC
pelpa.

ATroteAgital atrd aywyideg MQAveIES (XAAKIVO eAdopaTa) TTou ovouddovTal
TOMEIG Kal €ival JOVWUEVEG PETALU TOUG. EEWTEPIKA @ATTTOVTAI O YAKTPES Ol
oTT0iEG €ival aTTO aywyiuo UAIKG. O1 WAKTPEG ival TTAVTA akivnTeS Kal &gV €TTNPE-
Aacouv TNV TTEPICTPOPN TOU POTOPA.

270 TTAPOAKATW OXAUA QAiVETAI TTWG TTAPAYETAI CUVEXH TAON PE TO CUAAEKTN.
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0° B¢on eKKIVAOEWG mepIoTpo@r) 180° TTepIOTPOYPr 360°

Zxnua 11.3. MNapaywyn ouvexous taong e 1n Bonbeia GUAAEKTN

Mapatnpolpe oT1, N WAKTPpa A cuvdéeTal eVAAAAE PE TOUG TOUEIG PE TPOTTO
woTe va diappéeTal TTAvToTe amd pelpa idlag @opdg. To idlo 1oXUEl Kal yia TN
wAKTpa B.

AUTO £X€l WG ATTOTEAECHA N TTOANIKOTNTA TWV WNKTPWV va gival oTabepr| €TT0-
MEVWG €XOUNE TTapaywyr) ouveXoUg TAong Kal peUUATOG.

° TTapaywyn evaAAaocodpevou peuparog (yevviatpia AC)

Mvetal ge TN BonBeia aywyluwyv 6akTUAIdiwy atrd XaAkd TTAdvw OTa OTToia
EQATITOVTAI ECWTEPIKA Ol YAKTPEG, ETTITPETTOVTAG £€TC1 OTO CUCTNHUA VA TTEPIOTPE-
@eTal EAeUBEPQ.

270 TTAPOKATW OXAMO QaiveTal TTWG TTAPAYETAI EVOAAACOOUEVN TAOH HE TN
Bonbeia Twv daKTUAIBIWV.

NN B AN B NN B
/ / /
// II //
AN AN AN
N N
\/\ A \/\ Yan \/\ o
Yol (D) Vg 0O Yo
_ " _
0° 80N eKKIVAOEWG TepIoTpo@r 180° TepIoTpo@r 360°

Zxnua 11.4. Napaywyn evaAdacaduevng raong ue 1 Bonbeia 6akTuAidiwv

MapaTtnpoupe 611, N WAKTPA A gival yoviua ouvdedepuévn e TO iB10 DAKTUAISI
(kOKKIVO) e aTToTEAECHA VO dlappEETAl TTEPIOBIKA aTTO PEUMA avTIBETNG QOPAG.
To idl10 10X Vel Kal yia Tn WARKTpa B.
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AUTO £XEl WG ATTOTEAEC A, N TTOAIKOTNTA TWV YNKTPWV VA eVOANACOETAI TTEPI-
00IKQ, ETTOPEVWG £XOUNE TTapaywyr evaAAaooouevng TAoNG Kal peEUPATOC.

11-2.2. FevvATpieg DC

2TIG MEYAAEG pnxavég To payvnTikd Tedio dev dnuioupyeital ammd pdévigoug
HayvrTeEG aAAG aTTd NAEKTPOUAYVATEG Ol OTToI0I £X0UV TO DIKO TOug TUAIyUA Kal
yia va dnuioupynBei payvntikd medio TTPETTEI va TPO@odoTNOOoUV Pe pelPa TO
oTT0i0 TTapPAyeTal Ao PIKPATEPN YEVVATPIO HOVIHWY PayvnTwy (IEyEPTPIA).

AvaAoya pe Tov TPOTTO TTOU cUVOEETAI TO TUAIYUA TwV TTOAWV (NAEKTpOPayVN-
TWV) o€ oxéon Pe 1o TUAlyua Tou péTtopa piag yevvATpiag DC, diakpivovTal Ta
TTapaKATw €idn:

e N'evvATpieg DC &€vng diéyepong

To TONIypa Twv TTOAWV TO oTT0i0 aTToTeALiITAl ATTO TTAAEG OTTEIPEG AETTTOU OUp-
MOTOG TPOQODOTEITAI ATTO EGWTEPIKN TTNYI TT.X. MIA MIKPR YEVVATPIO JOVIHWYV PO-

YVNTWV.
9

Zxnpa 11.5. l'evvhntpia DC &vng diyepons

‘

e N'evvATpieg DC mrapdAAnAng diéyepong

To TUNyHQO Twv TTOAWY TTOU aTroTeAEITal OTTO TTOAAEG OTTEIpEG AETTTOU GUp-
MaTOG, ouvdéeTal TTAPAAANAG OTa GKPA TNG MNXAVAG Kal TPOYodoTEITal aTTd TV
idla TGN TTOU TTAPAYEI N UNXavr).

Zxnua 11.6. levvitpia DC mapdAAnAng iéyepong
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e N'evvATpieg DC pe diéyepon oeipdg

To TUNIyPa TWV TTOAWV TO OTTOIO ATTOTEAEITAI OTTO AiyEG OTTEIPEG XOVTPOU OUp-
MaTOG, CUVOEEETAI O€ OEIPA PE TO TUAIYPA TOU TUMTTAvOU Kal diappéeTal atrd To
OAIKO peUpa TTOU TTAPAYEI N PNXAVE KAl TTAPEXEI OTO POPTIO.

+

e |

Zxnua 11.7. levvnrpia DC ue diEyepan aeipas

e NevvATpieg DC oUvOeTNGg diéyepong
To TUAIYPa Twv TTOAwV atroTeAsital atrd éva TUAIYUO O€Ipdsg Aiywv Kal Xo-
VTPWY CTTEIPWV Kal aTTd €va TTAPAAANAO TUAIYUA TTOAAWYV KAl AETTTWV OTTEIPWV.

— — |

t

Zxnua 11.8. levvnrpia DC o0vBeTng d1fyepong
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11-2.3. FevvATpieg AC

O1 yevvNTpieg evOANOOOOUEVOU PEUPATOG AVAAOYA HE TO €i00G TOU PEUPATOG
TTOU TTaPAyouV dIaKPivovTal OTIG £§AG KATNYOPIES

® HOVOQUOIKEG: €ival Ol YEVVATPIEG TTOU TTAPAYOUV HOVOPACIKO peUpd Kal

gival avaloyeg pe TG yevvntpleg DC

* TPIPACIKEG: €ival OI YEVVITPIEG TTOU TTAPAYOUV TPIPACIKO PEUA.

Ta pedpata autd avatmrTiooovTal o€ Tpia avegdpTnTa TTNvia (PAaceig) Trou Ppi-
oKovTal GTo OTATopa Kal o1 AfovEg Toug oxnuaTifouv ywvia 120° o évag atrod Tov
GAAov.

To payvnTiké 1Tedio TO dnuIoupyEi 0 OPOUEAG O OTTOIOC Eival NAEKTPOUAYVATNG
Kal TPOQODOTEITAI ATTO OUVEXEC PEUMNA TO OTTOIO TTAPAYETAI ATTO WIA WIKPH YEVVI-
Tpia DC mmapaAAfAou SiEyepong yvwoTh wg SIEyEPTpIA.

!

—
|_|1 =. n4 R1
—
—
_—
/.é.\ N{=Ny=N3 =N

Zxnua 11.9. levvArpia AC 1pi@acikn

O1 TPIPACIKEG YEVVATPIEG XPNOIKOTIOIOUVTAI VIO TNV TTAPAYWYHR NAEKTPIKNG
EVEPYEIOG KABOTI, N PETAPOPA TNG NAEKTPIKNAG EVEPYEIOG ME TPIPACIKO PEUPQ
ATTaITE TOUG PIOOUG OXEDOV aywyoug atrd 6ooug Ba atraitoloe n HETAPOPA TNG
idlag evépyelag Ye povopaoikd pelpa.

O1 yevvnTpieg AC avdAloya pe 1o €Av N ocuyxvoTNTA TOU PEUNOTOS £CapTaTal
ato TNV TTEPIOTPOPN Tou dpopéa, SIaKpivovTal OTIG £EMG KATNYOPIEG:

® gUYXPOVEG: N CuxVvOTNTA TOU TTAPAyOUEVOU PeUaTOG EapTaTal aTmd TNV

TaxUTNTA TTEPIOTPOPNAG TOU BPOoEQ
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® aoUYXPOVEG: N CUXVOTNTA TOU TTOPAYOPEVOU PEUPATOG OEV £CapTATAI ATTO
TNV TaXUTNTA TTEPIOTPOPNAG TO dpopéa.

11-3. KivhTHpEG

O1 kivnTpEG avaloya Pe TO €idOG TOU PEUPATOG TTOU XPNOIKOTTOIOUV dIaKpi-
vovTal O€:
® KIVNTAPEG OUVEXOUG PEUPATOG: €ival Ol KIVNTAPEG TTOU XPNOIYOTTOIoUV
OuveXEG peUa
* KIVNTAPEG EVOAAAOOONEVOU PEUPATOG: €ival Ol KIVNTAPES TTOU XPNOIUO-
TTOIOUV EVAAAQCTCONEVO pEUA.
H apxn Asitoupyiag Twyv Kivatipwyv oTnpietal oTig duvdapuelg Laplace ol otroi-
£G aoKOUVTaAl TTAVW OTOUS aywyouUs Twv dpopéwy Toug (F=B - | - £).

11-3.1. Kivntipeg DC

KaTtaokeuaoTiké ol KIVNTAPEG €ival idlol PE TIG YEVVATPIEG KAl aTTOTEAOUVTAI
atrd 1o péTopa (dPOUEA, Ol AKPEG TOU OTTOIOU CUVOEOVTAI JE TO CUAAEKTN O OTTOI-
0G TTaipvel peUpa atrd TIG WAKTPEG Kal TO OIOXETEUEI OTO TTAQICIO TOU POTOPa
Kal a1rd TO OTATOPA O OTT0I0G, dnUIoUpYEl TO payvnTikd TTedio Yéoa OTO OTToI0
TTePIOTPEPETAI O pOTOPAG. O oTATOPOG YTTOPEI Va gival £vag JOVIMOG HayvATNG A
£vag NAEKTPONAYVATNG.

Otav mepvdel pevpa atd To TTAGIGIo Tou pdTopa, AVATITUCOETAl POTTH OTO
TTAQic10 N oTroia oeiAeTal oTIG duvApelg Laplace, kal n otroia avaykdadel To TTAai-
010 VO TTEPICTPAPEI.

Otav o payvnTikdég afovag Tou TTAaigiou yivetal TTapdAANAOg TTPOG TO Ha-
yvnTikG Tedio, N potr undeviletal aAAd TO TTAQicIO dev oTaPATA dIGTI £XEl NON
KATTOIa KIVNTIKA EVEPYEIQ, PE ATTOTEAECUO VA CUVEXICEI TNV TTEPIOTPOYPN TOU O¢-
XOMEVO €K VEOU wBnor. O1 TTePIodIKEC AUTEG WBNOEIG TTPAYUATOTTOIOUVTAl XApN
OTO OUAAEKTN TTOU QVOIYOKAEIVEI QUTOPATA TO KUKAWA TOU TTAQICiOU.

Edv o Kivntpag cuvavTioel KATTOIO avTioTaon Th OTIYKR KATd TV OTToia N
POTTH €ival INOEVIKA, NTTOPEI VA OTAUATACEL.

To evdexOuevo auTd aTToPeUyETaAl TOTTOBETWVTAG OUO TInvia KABeTa PeTALU
TOUG M€ aTTOTEAECA N POTIN va PN INdevileTal TTOTE.

2€ 10XUPOUG KIVNTAPES XPNOIKoTToIouVTal TTOAAG TTAQICIO WWOTE va UTTAPXEI
MEYAANn poTrA TO POTOPAQ.
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2TOUG MEYANOUG KIVNTAPEG, avaAoya PE TOV TPOTTO HE TOV OTTOI0 TPOYODOTEI-
Tal TO TUAIYHQ Twv TTOAWYV diakpivovTal aTIG £€AG KATNYOpIEG:

e Kivnthpeg DC &évng diéyepong

To TUAIyua Twv TTOAWV Tpo@odoTEiTal atrd EEvn TNy dIAPOPETIKA aTTd QUTA
TOU Opopéa.

O1 KivnNTApEeG auToi emMTPETTOUV PUBUION TNG TaXUTNTOG TTEPIOTPOPNG OE ME-
YaAa opla.

Zxnua 11.10. Kivnthpag DC Eévng di€yepong

e Kivntiipeg DC mrapdAAnAng Siéyepong

To TUANIYHa Twv TTOAWYV Tpo@odoTEITal ATTO TNV idIa TTNYN PE TNV oTToiav Tpo-
podoTeiTal Kal 0 dPOUEAG.

O1 kivnTpES auToi TTapouaiGlouv JIKPA TITWoN TNG TaxUTNTag TTEPICTPOPNG
KABwWG¢ augaveTal TO YOPTIO KAl XPNOIKOTTOIOUVTAl O AVAAOYEG EQAPUOYEG.

2ynua 11.11. Kivnripag DC mapdAAnAng diéyepong

e Kivntpeg DC pe diéyepon ocipdg

To TUAIYHQ TwV TTOAWY oUVOEETAI O€ OEIPA PE TO TUAIYUA TOU dpouEA KAl ATTO-
TeAeiTal aTTd Aiyeg OTTEipEG XOVTPOU GUPHATOS. H poTTr) 0TOUG KIVNTAPES auTOUG
givar avaloyn Pe 1o TETPAYWVO TOU PEUPATOG Kal yia To AOyo auTo gival peydAn,
ME QTTOTEAECHA va XpnoiyoTrololvTal o€ PEYAAa @opTia KabBwg TTiong Kal o€
NAEKTPIKA OXAuaTa.
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Zxnua 11.12. Kivnipag DC ue diéyepon ocipdg

e Kivntiipeg DC oUvBeTng diéyepong

To TUNIYHA TWV TTOAWV aTToTEAEITAI ATTO £va TUNIYPA OEIpdg Kal gival TTapdaA-
AnAo TUAIyua.

Ta XapaKTNEIOTIKA TWV KIVATAPWY QUTWV Eival ouvduaoudg TwY XapakTnpl-
OTIKWV TWV KIVNTAPWY CEIPAG Kal TWV KIVATHPpWY TTAPpAAANANG diéyepong.

— . — ‘

~

Zxnua 11.13. Kivnripag DC ouvBetng diéyepong

11-3.2. Kivntipeg AC

O1 kKivnTpEG eVOAAOOOOUEVOU PEUUATOG avAaAoya e TO €i00G ToU pEUPATOG
TTOU XPNOIYOTTOIOUV SIOKPIVOVTAI OTIG £E1G KATNYOPIEG:
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® HOVOQ@UUGIKOI: €ival OI KIVATAPEG TTOU XPNOIUOTTOIOUV HOVOPACIKO pEUNQ.

® TPIPACIKOI: €ival 01 KIVNTAPES TTOU XPNOIKOTIOIOUV TPIPACIKO PEUNQ.

O oT1dTNG TWV TPIPACIKWY KIVNTAPWY E£XEI CUYKEKPIPEVN KATAOKEUN KAl ATTO-
TeAeiTanl ammd Tpia (3) Tnvia @dong Ta otroia Bpiokovral o€ ywvia 120° petagu
TOUG.

Ae

Te

_|.

*A

Zxnua 11.14. 31@rn¢ 1p1pacikou Kivntipa

Ta 1pia Tnvia @dong utmopolv va cuvdeBouv petagl Toug cite o€ aoTépa (Y)
€ite o€ Tpiywvo (A) avdAoya pe TNV OVOUAOTIKA TAon KABe @dong kal avaloya
ME TN TGON TPOYOdOUIaC.

Ortav 1a TRVia Tpo@odoTNBoUV UE TPIPATIKO peUNG dNUIOUPYEITAl OTO OTATN
OTPEPOPEVO HayVvNTIKO TTEdIO TO OTTOIO WE TN O€IPd TOU TTPOKAAEI pOTTH) OTO PO-
TOPQ.

H Taxutnta TOU OTPEPOPEVOU PayvnTIKOU TTediou diveTal atrd T oxéon

60-f

n=T(ch/min) N n=—(oTp/sec) (11.2)

T |

omou  f: ouxvoTnTa TPOYOdOGIOG
p: TTAB0¢ Ceuywv TTOAWV
O1 kivnmpeg AC avaloya e To €dv N TTEPICTPOYPN Tou dpouéa eEapTaTal aTro
TN oUXVOTNTA TPOoPodoaiag, dlakpivovTal OTIG E§AG KATNYOPIEG:
e gUyxpovol: N TaxUTnTa TTEPICTPOPNG TOU dpouEa eEAPTATAI ATTO T CUXVO-
TATA TOU PEUPATOG TPOPODdOCiag Kal N TaxUuTnNTa AUTA gival ion pe Tn TaxuTn-
Ta TOU OTPEPONEVOU PayvnTIkoU TTediou (oxéan 11.2).
O1 ouyxpovol KIVNTAPES avecdpTnTa Tou €AV €ival JOVOPAOIKOI ] TPIYATIKOI
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éxouv Tnv idia apxn Asitoupyiag. Movadiki diagopd gival To TUAIYPO TOU OTATN
Kl KaT €TTEKTACN N TPOPOodoaia auTou.

* aoUyxpovol: n TaxUuTnTa TTePIOTPOPNG Tou dpouéa dev e€apTdTal atrd TN

ouxvoTnTa TOU PEUUATOS AAAG aTTO TO POPTIO.

O1 aoUyxpovol KIvNTAPES aveEdpTnTa TOU €AV €ival HOVOQPAGIKOI 1| TPIPATIKOI
éxouv Tnv idla apxn Asitoupyiag.

H Slapopd Toug £ykeiTal 0To OTI Ol JOVOPACIKOi £XOUV OTO OTATN TO KUPIO KAl
BondnTikd TUAIYUG EVW N TPIPACIKOI £XOUV HOVA Ta KUPIA TUAIYUOTA TWV TPIWV
QAcEWV.

11-4. Eqappoyég

Epappoyn 1n

MetaoxnuaTioT g pe Tdon Tpwedovtog V, = 220(V), £xel apiBud oTTeipwv
TTpwTeUovToG N, = 500 oTreipeg Kal apIBud oTreipwy deutepeloviog n, = 250
oTreipeg. Znteital n T1édon V, Tou deuTEPEUOVTOG.

Auon
H 1don ToUu deUTEPEUOVTOG TTPOKUTITEI OTTO TH YVWOTH OXECN TWV PETAOXN-
MaTIOTWV:

=2—58-220=110(V)

Epappoyn 2n

H évtaon Tou pedpaTog 0TO TTPWTEUOV TTNVio evog M/Z eival 4(A) kail n Taon
V,=42 (V). Eav V, =120 (V) va Bpebouv, n £&vtaon Tou peUPATOS OTO OEUTEPEU-
OV Kal N 1oXU¢ Tou M/Z (atTwAeleg dev uttdpyouy, P, = P,).
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Auon
H évraon Tou peupatog o1o deuTtepeUov TTNvio Tou M/Z TTpOoKUTTITEl OTTO TN
oxéon:

1, \% 42
=2, =l —1=4.—— =], =1,4A
L, 120 2 )

2

<<

H 1ox0g Tou M/% eivar:
P=P,=P,=V,-1,=42-4 = P =168 (W)

Epappoyn 3n

MNa 10 QWTIOUO €vog KATTOoU atraitouvTal 10 AQUTTTPEG CUVOEDEUEVOI OE OEl-
pda dlappeduevol atrd pelpa evidoewg | = S5A. INa 1o oKOTTO AUTO XPNOIKOTIOIEI-
Tal ETAOXNMOTIOTAG 1I0XU0G 200 VA pe apiBud otreipwy TpwrelovTog n, = 1000
oTtreipeg. H 1éon Tou TrpwrevovTog ival 220 V. ZnTeitat:

a) 0 apIBPOG OTTEIPWY TOU OEUTEPEUOVTOG N,

B) H téon oTo deutepeliov TOU PETAOXNMATIOTH V,

y) H 1don k&Be Aautrtipa

(o1 aTTWAEIEG TOU PETAOXNUATIOTH BewpouvTal apeAnTéeg, P,=P,)

Auon
l, = 5A
o &
u?
220V ~ nq na 110 AOUTITAPES
&
| ?

a) To peUpa Tou TTPWTEUOVTOG UTTOAOYIZETal ATTO TNV OXEON:

P=V,|, =1 =—1—@—0,9 (A)
. 220
To peupa oT1o deutepevov eival |, = 1 = 5(A)

O ap1Budg oTTEIpWV TOU BEUTEPEUOVTOG UTTOAOYICETAI ATTO TNV YVWOTH OX£0N
TWV PETACYXNMUATIOTWV:
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l=Il:> n, =|—-n1 =%-1000: n, =180 aTreipeg
n, |, l, 5
B) At Tnv oxéon:
Viom gxoupe: V, = n—2-V1 = ﬂ-220 =V, =39,6(V)
V, n, n, 1000

y) H 1don Aeimoupyiag k&Be Aautrpa divetal atrd Tnv ox€on

_ V, _39,6
mARBog Aautrpwy 10

Epappoyn 4n

Aywydg prikoug ¢ = 0,5 m Kiveital géoa o€ hayvnTiko TTedio payvnTIKAG £TTO-
ywyng B = 0,8 (T) pe TaxutnTa u = 50 m/sec KABeTa OTIG DUVAMIKEG YPOUUES TOU
mediou.

Na BpeBei n eTaywpuevn TGdan oTov aywyo.

=3,96(V)

AapTr

Auon
ATIO Tn oxéon Tou Faraday TTpOKUTITEI
Vergy- =B U £ =0,8-50-0,5 = V4. =20 (V)

E@appoyn 5n

270 TTAPOKATW oXAua QaiveTal pia MevvhATpIa eVOAAQCOOPEVOU PEUNATOC.

1\’ \\\\\\
ﬂ IJ ]I’ A06 MayvnTiKoi TTéAoI
T/_‘ j:\/ 04m Gp}c}x{ éva {evyog TTOAwvV (P=1)
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O poTOopag TNG YEVVATPIOG OTPEPETAI e TaXUTNTA n = 20 (OTp/sec) péca o€
MayvnTiko Tedio emaywyng B = 0,5 (T). Aedouévou 611 u = 2111 - n (m/sec), f =
n - p 6mou f : cuxvéTNTa PEUPATOC, N : APIBUOS GTPOPWYV dpouéa avd deuTEPS-
AeTrTO, p : TTARBOG (euywyv TTOAWY PNXAVAG Kal 0 pOTOPAG OTTOTEAEITAI ATTO MIa
oTreipa, ¢ntouvral;

a) H mapayouevn 1don TG YEVVATPIOG

B) H ouxvotnTa TnG TTapayouevng TAOEWG

Auon
a) H améoTaon r tou KGBe TTAeUpIKOU aywyou Tou TTAaigiou atrd Tov d&ova
NG PuNxavng divetal atrd mn oxéon:

(= TAGTOG TTACITiOU _ 0,4 _

0,2m
2 2

H taxutnta Tou potopa ival: u = 21r - n =21 - 0,2 - 20 = 25,13 (m/s)
Etropévwg

Vi =2-B- £ -u=2-05-0,8"-2513=20,104 (V)
(o ouvTeAeaTAG 2 dnAwvel 0TI duo aywyoi urAkoug ¢ TrepIoTpéPovTal KABETA

oTo 1edio).
B) Até Tn oxéon f=n - p, TTPOKUTTTEL:

f=20-1=20 (Hz)

Epappoyn 6n

evvATpIO ouvEXOUG PEUPOTOC UE TECOEPIG OTTEIPEG OTO POTOPA, O OTTOIOG TTE-
pioTpé@eTal pe Taxutnta 100 (m/sec) oe medio 0,2 (T), TpogodorTei avriotaon 10
(Q). Eav 10 unkog Tou TrAaigiou gival £ = 0,9 (m), Bpeite TNV 10XU TTOU TTOPEXEI
n YEVVATPIA GTO QPOPTIO.
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Auon

(_______11 (=09 m
R=10Q ‘\le—l —

O1 oTreipeg Tou TTAQITiou gival 4 dpa TTPOKUTITEI OTI UTTAPXOUV 4 aywyoi OTOo
Tavw PEPOG Tou TTAAICioU Kal AAAoI 4 oTo KATW. ETTopévwg 8 aywyoi KivouvTal
pe TaxutnTa 100 (m/sec).

2UPQwva Pe To vouo Tou Faraday TTpokUTITEL

Vem.=8-B-u-{=8-0,2-100-0,9 = 144 (V)

V2 (144
Emopévwg P = % =>P= 0 =2073,6(W) eival n tmapexéuevn 10x0G

atrd TN YEVVATPIA OTO QOPTIO.

Epappoyn 7n

Aywyog diappéetal amo pelua evidoewg 50 A, cival KdBeTog o€ payvnTikd
medio emaywyng B = 0,8 T. To prkog Tou aywyou eival £ = 0,5 m. Znteital n
Ouvapn Laplace mmou aokeital oTov aywyo.

Auon
H &uvaun Laplace 1rou avamrtiooeTal €ivai:

f=B-1-¢=08-50-0,5=20(N)

Epappoyn 8n

2€ KIVNTAPQ ouvexoUg peUPATOG, 0 POTOPAG ATTOTEAEITAI ATTO HIa OTTEIPA TTOU
éxel unkog ¢ =0,5 (m) kai TTAGTog 0,2 (Mm). BpiokeTal de og payvnTiko TTedio
emaywyns B = 0,8 (T) kai diappéetal ammd pevua évraong | = 100 (A). ZnTeitai n
POTTH) TOU KIVNTAPQ.
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H akTiva r Tou KUKAou TTOU dlaypd@el To TTAaiolo diveTal atrd Tn oxéon:

(= 'IT)\GTOQ;)\GIOIOU _ % =04m

Apa n POTTA TOU KIVNTHPA gival:
T=2-F-r=2B-1-¢)r=2-0,8-100"-0,5-0,1=8Nm (10 2 dnAwvel 6TI
Ol aywyoi TTou KIvouvTal kaBeta oTo TTedio gival dUo)

Epappoyn 9n

ZnTeital n TaxutnTa TEPICTPOPNAG O¢€ (OTP/sec) Kal (oTp/min) oUyXpPovou Kivn)-
THPA eVAAAAOTONEVOU PEUPATOG O OTT0IOG £XEl 4 TTOAOUG KOl TPOPOdOTEITAI OTTO
TPIPACIkS dikTuo ouxvéTnTag 50 Hz.

, Auon
2UhQWVa JE TN OXéon: N = i TTPOKUTTTEL:
P
n= % =250T1p/sec

n =25-60 = 1500 otp/min

2x0Ai10: Etmreidn o kivnripac éxel 4 moAoug 1o mABo¢ rwv Jeuywyv Twv
mOAwY ¢ival 2 apa P = 2.

2T0UG OUYXPOVOUG KIVNTAPEG HOVOPACIKOUG - TPIPATIKOUG, n TaxutnTa Tre-
PICTPOPAG TOou dpopuéa eival ion Pe TNV TaxUTNTA TTEPIOTPOPAG TOU UAYVNTIKOU
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1ediou Tou payvnTiKoU TTedioU TOU OTATN EVW OTOUG ACoUYXPOVOUG KIVATHPEG HO-
VOQAGIKOUG-TPIPATCIKOUG, N TaxXUTnTa Tou dpopEéa gival TTAVTOTE PIKPOTEPN aTTO

TNV TaXUTNTA TTEPICTPOPNS TOU PayvnTIKOU TTEdiOU TOU OTATN [ = ij

11
10

20

30

40

-5. MpoBAnpara mpog AUon

Metaoxnuatiotig petarpétrel Taon 1000 (V) og 1500 (V). Edv 1o deutepeU-
ov €xel 300 oTreipeg, TOOEG OTTEiPEG £X€EI TO TTPWTEUOV TOU M/Z;
(n, = 200 oT1TEipES)

M/Z pe: n, = 300 oTreipeg, |, = 2(A), I, =10 (A) kai V, = 220 (V) TrpdkerTal va
peTtaTpatrei woTte va divel 110 (V) oTto deuTepelov.
ZnTouvTat:
a) 0 apIBPOG OTTEIPWY N, Tou M/Z TTpIV TN PHETATPOTTA
B) n Tédon V, Tou M/Z TTpIV TNV PJETOTPOTTN
y) TIPETTEI VO TTpoC0TEBOUV A va agaipeBolv oTreipeg atmo 1o deuTePEUOV TOU
M/Z yia va éxel €€odo 110 (V);
0) 0 apIBUOG TV CTTEIPWYV TTOU TTPETTEI VA TTPOCTEBOUV A va agaipeBolv
€) n 100G Tou M/Z TTpIV KAl JETA TNV PETATPOTTA
(a) n,=60, 8=V,=44(V), y) 6a mpooTebouy,
) 90 orreipeg, €) P,,, = 440 (W), P, = 440 (W))

Bpeite TNV TaOXUTNTA TTEQIOTPOPNG TOU TTAQICIOU HIOG YEVVATPIAG EVVAAAQO-
OOPEVOU PEUPATOG, TO OTTOIO TTEPICTPEPETAI oA a€ hayvnTIKO TTEdio 0,2
(T). To rAaioio €xel 10 otreipeg, ukog 0,1 m kai Trapayel Tadon 50 (V). ETmi-
ong, BpPEiTe TN OUXVOTNTA TOU PEUPATOG €AV gival ywwaoTo 611 ol TTéAoI gival 4
Kal To TTAGTOG Tou TTAaigiou gival 0,05 m.

(50 m/s, 636,6 Hz)

evvATpIa cuveXoUG peUPATOG TO TTAQICIO TNG OTToIaG KIvEiTal Ye Taxutnta 10
m/s o€ payvnTikd medio 0,5 (T) kai £xel uikog 0,5 m, Trapdayel tdon 100 (V).
Mbéoeg oTreipeg €xel TO TTAQICI0;

(20 orreipeg)
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50

60

70

80

O dpopéag piag yevvATpiag €xel 100 oTreipeg kal oTpéeTtal he TaxuTnTta 50
m/s. To pAkog Tou dpopéa civalr 0,5 m. H yevAaTpia TTapdyel tdon 500 (V).
Bpeite a) 1o medio B B) méoo mpéTrel va yivel n Taxlutnta yia va Tapdayel
1000 (V);

(a) B=0,1T, B) u=100m/s)

2uxpovog kivnTipag AC €xel 6 Ceuyn TTOAwV Kal 0 dPOUEAS TOU TTEPIOTPE-
@etal ge Taxutnta 100 oTp/sec. Bpeite Tn ouxvoTnTa Tou AC pelpaTog e 10
OTTOI0 TPOYODOTEITAI O KIVATHPOG.

(600 Hz)

AcuUyypovog TpIpaaikOg KIvNTAPAS €XEl 4 Ceuyn TTOAWY Kal TPOPOOOTEITAI
atod TPIPACIKO peuua 50 Hz. Av n 10xUg TTou atrodidel ivar 500 (W) kai n
pott 7 (Nm) Bpeite TV TaXUTNTA TTEPICTPOPAGS TOU PAYVNTIKOU TTEdiou Kal
TNV TaXUTNTA TTEPIOTPOPNAG TOU SpOopEa.
(Aivetar n oxéon P =T - 21T n, 6mmou P : 10x0g, T = potth, n : Taxutnta dpo-
pEQ).

(12,5 otp/s, 11,36 o1p/s)

Kivntipag DC xpnoiyoTtrolgital yia Tn Kivnon NAEKTpIKOU oxnpaTog. Edv n
Tdon Tpoodoaiag Tou KivnTApa civalr 500 (V) kar atmodidel Ioxu 20 (KW), o
0¢ dpopéag Tou £xel prkog 0,6 m, TTAGTog 0,4 m kai 40 oTTEiPEG Kal KIVEITal
oe edio 0,8 T, Bpeite TNV POTTA Kal TN TaXUTNTA TTEPICTPOPNG TOU Opouéa
€4v 0 BaBuog amrédoong Tou KivnTApa givail 0,8.
(Aivetar: P =T - 21Tn)

(T =96 Nm, n = 33 orp/sec)
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— NMAPAPTHMA A —

M¢£Godog Cramer

H vevik pop®n €vOg YPAPWIKOU CUOTHNOTOG 2 £CI0WOEWY HE 2 ayvwaoToug
eivai:

a,x + by =c,
(A1)
ax+by=c,
H opidouoa Twv cuvteAeoTwy gival:
_[@a by
A= 5 =ab,-a,b, (A2)
2 2
Edv A+0, 10 ouotnua (A1) €xel Auon 1rou divertal aTtd TIG OXEOEIG:
A A
x===,y=-2L A3
A (A3)
o1T0U
c, b,
Ax = = C1b2 - Czb1
CZ 2
Kail
a, ¢
A = g =a,C, -a,c, (A4)
2 2

2x0A10: H ouvlnkn A# 0 1ox0egl mavra o€ mpoBANRUATA NAEKTPIKWY KU-
KAwpdarwyv ka@ori, psuuara Kai TA0EIS OTOUS KAAOOUS VOGS NAe-
KTPIKOU KUKAwuATo¢ givail pey£é0n umapkrd. Q¢ ekrourtou, TO
ouortnua €yl TAvrore povoonuavrn Auon n omoia diverar amoé
N oxéon (A3).
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