


rrPo110ro2

H Xprton rou rtleKrpiolo! on6 rnv qvqKoluqrt rou ao< n< !€peq Uqg

exsr €meaps rspqoEg dlloyas orov rp6To loi< ol6K^tpou rou K6opou

Aui6 oe.i^€rd orrN Epdonq XptorK6rtrd nou ppioK. rlioo! ouoK.uav rcl

q^.KrprKdrv !nxov(0v rou pdor(.rdr orov tl€Krpop6 o opos nl.Krpo!6s

arl6va 6Aq ro quo,Kd qoNopevd rou rpoKqlo0v'o, dn6 ft\eKrp Kd

qoproldvd oopoido rou FpioKowo, qE xivqon i o. np8!io. H Enorip.l

nou qoxol.irqr pE rov nlrKrpo!6 6drp.iro oe nollons K,\d6o!c rou o

Kogavo( rou<ftpAqppdv€ ivq qlvo^o Adsolavov p€ KoNq XopdKrnOonKd.

or opxoio 'Ei^nv€g Eivdr or npLirro tro! yvdrp oqv rg 6iorfr€< rou

ql€Krp opo0 pe rov OoIi rov M id o rov 6" T X or. o ono oS ndpdrilpnoE r (

r6r6rfi€s rou ri,\.Krpo! (K.xpLpndp).F ovoKdilLln rou n^eKrpopou Kd r)

Xpnorponoitori rou yo npdKrGS ovdvKe< rou qvgponou rov Koorord

qnqpqirtro Yrq rnv Kd€rtpepvi <0't :ip.ps nou uTdpx.r dv€fruYpavrl

€.opio yro rfv rpvpoqi rov €Krp K.av qoNouivlov !. rdxiroroug

p!0!o0s oupntp lqrpdvovrdr o ouri veeEeeqppoYds

HiEKrpBaS pfxdvas pLKprl( n p.ydinE rqxnos Xprto loroolvrqr oe

o^6K,\npo rov K6opo oKota Kdr dno rq no urodvdnruKreE X@p.E

F€Ardvovrag dror i S ouveiKeg dLoFioonq.

ErionE pqvoqio .ivdi xor il avdnruEt rrr erqipfg ils r.\npoeoprKril

p. rKoropllpo Xptotq nl.Kipov Ko! unoloYrofti oe 6^0 rov K6oPo.

AMoor. oi unoloyroraE aEvnqrjouv vs dnor€loiv rnv mo ouYxpovl.Ea,\En

q^.KrprKdrv pryqvovrou o€ o!v0udo!6 !. ra.TmriYporq rov rLl€xrpov (.iJv

onorElonv avd dnopdirnro spyol.io yE Kde€ €nrorrilovo.

tKonos rrE nopoloqs epyqoiss .ivo .nec€pYqoiq qp,opryK6v

6e6opavov ftKrp Krrv KlKioudrov pido rt,\eKrpovrKo! unoioYrsri Kd rl

m.€epyqoiq rouq pddo VpdAr'lldrov Yrq rry EUKoI6tpf E[oVoYi



KI,JO AAIO I . HAEKTPIIMO!

KEOAAAIO I

1.1 BAEIKEZ ENNOIE' KAI APXEZ HAEKT4KNN

KYKAAMATAN

I

tir't !.Iairt quo Kcirv qdvolavov Xpnorporooovror 6d9opo }l8veon
nou pdq poqeoov dnv noror Kri Kd rooorKi or66oon rous. tq rov

nlEKrprop6 dov onoio ovowp6poore eivdr dndpdirqrf | €rodyovri .wo.irv

6troE ro fkKrprK6 eoprio, q avrooq rcu t^eKrpiKot pEtUorog. ro f^.(rpr(o
6uvqLrb roJ ro9opi lo ,v  .qv 1\ { ,p '4  /ordo-dot  vos o i lo-o(  a

ouoriporog r,o vs rpoo6,oprdonv rd Quorkd durd !.Y,€t sKio< ofo rrv

opepnn(4 rous nli eo rp6ner vd opLdoov !. pio povdao perpqortE oq

ovqqopd OL fovdoEg r@v pEyE€6v no! Xp|o loro,o[vrdr mp oo6repo ornv

ql.Krpo^oyid €vidodovrdr oro 6Eevas oloqpd povddov (s.) (sy4eme

IntF ' . : l ionaF d Ur  ' .q)  ro ,  r  vor /or  ro . r \po- ior  po

1.1.1.  H^sKrp 'K6 K0x^@Fq

OE r^eKrprK6 K!K,\@!q unopo0pE vq opiooupe €vo olvolo dy.iry fov
oopdrov (n^rKrprK6v ororx.iov) nou civq rono€nrpfvd Kdr duv6aovrd !.
r6roo rporo 6oi. ldoo r6v onoiov vd 6rapxerd ro nleKrprKo p8!!d. Evq

KjKiopa ovopd<ror Kn3o6 orov 6r,pxerq on6 qur6 ouv€XdS i]^€krp Ko

peipd .vril ovold1$or ovorxro orov ur.ipx. ooKori nou oroyope!.r rf

olvdxq rry ports rou p€opdros

'1.1.2 oopis ovaqoptg trorx.ld roroioyidg n^.KrprK{iiv

To ni.KrprKd pelpq eivq 6vq 6ovloporx6 uiy.€og Aur6 ottdiveror

.Kr6< ono ro p,rpo rou Kdeopi<€ror Kd dno rn eopd rcu. H qopd rou



tl.Krp Ko! peluqro< ov e(€rdoou!. rS 6drurliroE g rov quorK.nv

rupqopavov qrdvov qrdvolpt oro oupnipoopd 6rr ro peripo Byqiv€ otr6

rov e.rK6 To,\o Kq Kmeu€lv.rdL orov opvrLri(6. H Aopd duri lalerdL

ollFdrKrt Kdrd rolE v.6repolE quorKoLl< ro o0vo^o rov nl€cpoviov trou

dnor.lolv ro tl.KrpiK6 pElpo Kqrnqpdvoviqr qno po V8wrirprd pyoivouv

on6 rov opvfrK6 no^o Kqr (or.ue0vovror rpoE rov e.rKo H Aopd dlri

Iay€roL npavpdlKi Aopd H npovpqnKi qopd Eivqr n €mKpqraocpt qIAd

o s  €9opJovi \  roro rc lo .o t l f  r t  oL/po- .1  lv t rd  oro,  , io  F.  vo

dvo^oooupE avq KlK olo.m^,yo!p. npN ono rfv dvdlod( rou iq 9opd
o\ooood\ .  Av JLtd fv  o . { i^uot  I  p l  oL npoyt -o /or  p ! .pq o j  cvo l

orrKi d!r6 onpdivE 6n I qopd rou eivqrouri ro! 3trldxofKc dr6 rnv dpxri

Av oulFoiv€r ro ovrioero, 6tld6| dv r-t i pit npoKrqrd dpvnrKi ror€ | qopd

rou p€lporoE€ivdrt dvrie€rq dno o!r4 rc! Er 6XenKE

Oeopo0!. avd fl6Krpx6 ororxlio ro oroio qvqroprordE oro

nqpqKdlo oxipo. O oKpoa,Kre< ouro! iou ororxeio! 0d eivd rd a , b p. rd

otrolq UnopoLiv vo ouvaEoorv dllo ororx.id O .IdXorog dpr€!69

oKpod.Krdrv €v6g fkKrpixo0 ororx.iou eivo 600 -Eror opi<do I awoid rou

Kldoou 6r q6( x,^dtog ovold<€ro Kdoe ororx.io aiooKpoa€n.irv.

I ,L ] I '  \  \  IO I .  H , \EKIPI IMO)

H '

6/Jitro I I

610 cxoodqdv (dd6o) ro! onoro

X6rrpoa evbq KUKi6lorcE ovoldlcror n rcpi aao rouidx dov Kr\d6ov
6p.txor eilo po Klrdi 6LoOpop,i ono xldaou!. Av €voq BpoXoE 6.v
Eprloupdv€ dllout Bp6xouq oro .oor.pi(6 rou ror ovold4€rd dnl69



HAEKTP]:MO:

1.2. N6uot rou Kirchhoff

To rnv @d^uot €v6S rt€KrprKo! KU&\Lirldros oror.Ionlrvo! dro

ovrorcEg Kq qvEqdpr4Eq rnYeg p.0!oro<, 6n^a6rt vo rov Tpooaboopo
rn< avidon< rov p€lldrov Kdrrdv r6o.ov rov ororx.iov io! pnopo0p. vd

Xpno ponoriooup. rougvdpouE rou Ki.hhoff.

1 -2.1 . Oq vapos rcu nrchhorfl - N6yo9 p.upd/@v

To o^y.pp (6 doporopd rov pcupdrovo. (d0. Koppo outk.vrpolavou

nlsxrp,rco KUK.\6!qroE sivs oE Kd€€ XpovrKri ory!'i ioo !e pq6dv i p€ dl^q
loyLo 6ot rooorqrq nlsKrp,rc0 eopriou €px{or oe dvqv KdpBo don qE0y€l

Bp6XoS. Orqv nepr^qppdvn

Bpoxou €ivqr ro pe!!q trou

PpoXoS 6 dpa.id dn6 dvd

oluqovo U. rqv trnyrtKdrro

dMout pp6xoug ovopd<erq oLlvo.ro<. P8npa
KuKloqo@i orrtv n.piperpo rou. A$d6n Kdo€

pElfq rou oroiou rn qopd opi<oup8 ouvie@E
oupporllolp€ pr 6vq B6log

a

Ohm roxrler VqrovK6!Po:



KIOA AIO I . HAEKTPI'MO'

1 ,2,2. e' vapoE to xirchhott - N6po< td@@v

To oly.pprK6 dopooto rov rdosov x,\d6ov c KdoE Bp6Xo (dtrr6 I
o,jv&ro) ouyK€wpolivou nl€KroKorl KuKldpqroE €ivor @ KdSe XpovrKri

Iy(o=o

i qli@E Kni lriKos Ev6q Bp6xou ro q^vepprK6 deporopa rov lio€@v
Karro dIy€pOK6 dgpordpo rov ndo.ov rdotE roolrar !€ 0 6n,\qdri

1 .3.1 . 5uv€XiE Psitpq - an^'6 Kti^@1td M. Itny4

Ew€XotS fao4| E Kot Awitaon r - N6uoS rou oHM

:ro ouv€x€< {da€€po) pel]lu o pugp6E leropoliq rou qopriou eivol

ordg€p69 l=AO/Al Ke n qopd rou p8lpqroE flqoepi qtr6 rov 0erK6 n6 o rqg

rny{S ddo€p{S 1ddff trpos rov dpvtnK6, ll3 rov v6po rou oHM \o

Koeopi<d ro !€rpo rou p8lpqroq qeorj (€ivqr @dloyo rng rdon( nou

€eop!6E$q oq dKpq rou Kor qvnotp6eos qvdlovo !€ rfv qvrioqon nou
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re K0Klopd ouvExot( p€llaroE nou n€p|6x€Tql rruKvoTiS ro XpovK6
Oddtud rcu 6Ept!ru' 6n6 pEtpo slvqt su't6 qKprptijg trou Xp€d<Ero o

rTuw{rri5 yn vq qopnd€t.

1.3.2.

Elor xq| an6 Tov o€Ur€po Kdv6vd Knhhoff 'dx0E 61 :

E IR-VC=o + E-R'ACI/AI - Vc =0 t E-R'C'AVC /At - Vc =0

E: H rdon ing nnyig ouvexorrs p€r4dros oE Vohs.
| : To partq Trou 0upp6€r Tov cryury6 @ Ampere.

R:  H @ ddon c  O.

C: H Xrrpqnx6TnTq rou ru|(vor4 c faEd.

Vc H Tdoq siq dKpd rou ruwori.

A0o! ounls tqg 6Eqopxig 4idod4q n rdoq Vc



1.3.3.

KIOA^AIO I IT\EKTPI'MO'

l= E/R'e vRc

ts KrlKlold ouv.Xorig peipdros rou mpfx.rdr ntvio €Xoupe pro
p€rqpo^R r@v !€y€edv Trq avrdo$ Kqr rns rddrts roLr xuKl6loro5 lexpl
our.< vd rdpouv ns p,v'orsg nlas rous. Aur6 oulgoivd r6yo rnq
qurEmYoYrls Tou mpouord<s ro qvio I orols ovno€Keror d€ xde€
poroFo^rt rtg Kordsrqois rou. Eror Kr €v6 dpxrKd stvg| lq6evrKa5 or npfs
rdortE kr {wqonq, .dv cqoplod.i rdon oro dKpq rou rnvtou r6rs
nqpsrtpEirqr prd !€rdgoi4 onv awooq rou psrlporos paxq ouri vq ndpd

Er@ Karatr6 rov oslrepo Kov6vs Kirhhoff oxld 6n :

ETioltS rtr6 &rjrpo Kov6vq

E-Vr-VR=0

E.IR.L'AI/At

Knhhor :

E: H rdof rqs Ttyns ouv€Xolq p8lldros os Votrs.
I r To p€lpo rou Osppf€r rov oyoy6 @ A,npere.
R: H qvrioqot c o.
L: o ouwe,\.crnig qlrndvoy{s rou rqviou @ Henry
VL H rdon ouEroyoy{S rou nqviou .
VF: H rdort ors dKpo rfi owioToon6.

416 rnv llon qurits rtq 6|qeoprKiq .qboons q rdon VL dd dKpdrou nqviou

E-IR-L'AI/At l= E/R'e uRc
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1.4. ENAAAAEZOMENO PEYMA

1.4.1. optEbg EvdMdoo6psv\g rdottt - Bdotxtg'Ewottg

Mrq idq ovopd(.rd €vdMdoo6lEvt, 6rqv n nolK6rryu r$ kdl

np4 rt6 p.roBdMovrqr ftpro6kd p€ ro Xp6vo.
Mrq ovqMoo@lEq rdon ovogi(.rdr lptrovoe|o4s ! qppoMKil 6rqv n

npi rtE €ivor rtptrovoEr64s ouvdpr4on rou Xp6vou:

1-4,2. lrorxdqMrqqAprovrKiSEvsMsoo6F€vqgl6ots.

EE Kdee appovrKri EvdMdoo6p€vq rdon onKpivou!€ ro nqpaKdro

pfv6n npn rddns (dr moA'rn np4.

, Etwtndid nr!4 M.lvq \
oiv€rq n6 rtv oxeot l

nlit rff rdd'15 Kdee xpovrkil dnYp4 6nog

> n.plo6og (1) 3ivor o Xp6vos ptoo orov onoio Exoupe pro trInpt

!€rapo^rl rtS lior']g.

aofu6s rbv rlnpliv p.mpo\i'v rqE rdon @ 1

> KUK^txt ZuN6r4N (@) Eivqr o qpr€!69 rov r\pcov ll8rdpolov rng

rdoqE o€ Xp6vo 2n sec. loxoa :

I  E . I  :ET 'P( )N



> @doq kFa4 .i\ot \ \a\td t\S oroisq ro sin Kqoopi<€r rrt dryprdid n!4

(!@Ar\-AtO I - ttAEKTPll{Ot

dryp oidE rdots frlpw rry

(@d, tivdr I np'1 rnsedoqE
dPXrKi 9don q e(io@orl rrtg

1.4.3. optolt69 wdAdoottpfl4S avtdoqt

Av 6rs dKpq 3v6< p.rdMr(o! ov@yo! ouvodooule po nnyi
svqMqoo6pevtE rdoqs , 16r€ ro €^eue6pq r eKtp6ve rou qyoyo! eKr€noiv
opfovrKi roidvrooq Kor ouvKpotovrsr ps ro 6vrq rou peroMrKo! rievporos.
ALr6 olloivd on ro tl.<-pov,o oLvov oiv rqrd r]v Kivrpi -oLS prd
qwloroof trou uv xopoKrtp4or]E .tptKti Ntituo4 tou qyoyorl Kqr eivd I
i6E !ernvavriddon rou do ouv€Xa! ps!!q.

Orov o oyovoq cxcr Jovo up <4 o$lo oot ro r i orvJEiq iqoorl rou
psUWroS rcu rov ooppftr oiverdr dno iov v6po rou ohm 6troE Kor mo

l=V/R + l=Vo/R'sin(ot) r t-4ain(.r)
Onou lo =Vo/R eivdr ro r^diog rts avrqonE rou p€0poror.

tuyKpivovrds nS ouo oxfoets v=vosin(aq Kot /:rasrrfao mporfpoo!€ 6rl
ro pEops trou 6npp&r rov dYoY6l

i) EivordpfovrKoovqMooo6levop.rlpq.

ii) 'Exd rrtv i6rd xuKlrK4 ooxvorqrq Ue rnv evqMqoo6!€q rdot.
ii) Exd \dfto-vun -nv lb,ogoon !L Inv Lvol oooo/.vn raorl

EvEpy6g avrqo4 loq cvoMdoo6p.vts rdo,ls ovo|r6(ero n oqftpi
ouvcxri< rdot rou 6iov o9oppoooeioq dKpa rnq i6og olrxis dvriddong, n



1.4.4

I<IOATIAIO I . IT EKTPEMO:

Tou dre, avrdon ron p. rnv €vepvdoopsro otr6 ouv.Xcs p.rpd

aol dooopavou p.0!diog

O p td p69, rtv e.4t Awiordo 4 t

.voMddo6p€vo p.0!d o€ 6vq KUKiouq pE @lrKri

, I @v6udopoLls quT6v opi<oup€ Cvq euorK6
o'vedq @nodoq rcu xukittpdtug

duoKolles aou ouvqwd to
qwiqoon,nqvio,ruoor i

tlve.rrt dwldoort Z €v6g KUKi@lqroE evqMaooopevou p.Llldroq

ovofd<€ror ro olaftp6 nq^iKo rou tridrous V0 1q9 €vdMdoo6!€vts iddng
trou 09qp!0q€m| ara dKpq rou KUXklFooS npos ro trlrjrog l0 rts avrooqs
trou ro 6Epp6t| Anlooi :

Z=Vatlo

Movdos pdrpfons l|lEo!!€€rfE qwiotqonq eivq ro 1O

fE vq XopoKrnprdouv Fe rp6tro otrA6 ol

pouodEa orc evdMooo6Evo p.0!o olve€rn

urKi ovridoort R doduv.Xes p€!uo.

layreog rcu ro ovolriloule

1.4.5. xurtl,pa evoudooipevou PEtpans pE Qpt^i Avtiddoq t.

t=u/R= vo/Rsin(.it) = hsin(.l)

:ro dxpo ayoyo0 !E oprK{ dvnddort r €qop!6(sror ovaMqoo6pevq
rdon V=Vosin(ot). H onypoiq avraof rou p.0!dros rou 6rdppa.r rov dydy6

6iv*or ffo rov v6po Tou OHI\,| :

Tiv€rqr qvnlnm6 6n I rdot Kd I dvrdorl

€lvdr p.Vdel oulpqorKd, 6€v nqpolod<ouv 64lo6i
A orror{lv€Tor €nloqE mrpqpqnKd 6rl

.vos raroroo KUd6pdoS

avds rcrobs dydy65

oviorddt zR rot !€ rnv
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Edv oro KiKiorq n€pr€Xovror n€ppo6r€psE qn6 !n op(€s
MErd@K r6rE n olvo€rll dwldoot rou KUKl6paroS rooordr !. fitt
'ooolvqpn dvrrofron rcu KuK,\6pdros Rtr:

Avnordoas ouv6e6€lE€q o€ @rpd.

Avnordd.q @v6€6ep€veE rqpdMt^a.

1.4,6, xt*t-p" EvaMa@iaEvou P.nudtut Fr

:rq dKpd rou nuKvdr4 topnnK6rnrqE c .edpp6<.rdr svoMqoo6pEvrl

E vosin(dt)

H orvpnio dwdon roo p.rlpsToE 0o Eivqr:

t= t6in(at+'d,,

ndporfpeiror6r urdpxd lrd odqopa edoqE Kqrd /, Korrporyeirar rt

Anoo€rxvoerqr 6n I o|]vosrq qvTloraon ev6E KUKi6pooS ll. r6dvrK6

Zc-1/C@

H o,jvftrn qvriddot oui4, ovoFd<erqr Kqr Xoprtnxt @iddon.

ncoornonon:Av oTo dKpo rou ruKvori .qdpfool€l oovexiE rdon

Zc=11C6+ Zc=q

dpa o nuKvoris ldroupy€' oqv ovoxr6 KrlKl@po.

t l



ZL=La
H oo!€srn ovriqqon durrtoq€r srororroK^erfiKd qo qqN6!€vo rts

ousnqYoviq vro ouro <d ovold+ ror ror r rcyov\i ov-idoon.

Eglqlplisss!

(IITA,\AIO I . HAEKTPI'MO'

K[x^@pd Evdi doo6ltwou P.tpdtot tt€ t6e(6 nqvio

.d4 auftncyay!1g L.

oE Klir\opd trou ftp(Xr' 6qvK6 rryio ouvrf,{.on oufttroyov4<
ploo€LievaMoodo!.vn rdo4V 6renorypoia- / tdur i lsedrtuol

v= v6inkn)

I .vrdon rou pErllqros Kd€€ dryli 6lv.rd dn6 lqv

I= r6in(.t-rd,).

noportp.irdr6n utrdpxo !|a 6d9opo<pdots Kdrd n/, (ornpoqy€irqrq

n oiv&rn ovriooon €voq huKndpdros !.6ovxo

Av drd 6100 ,ou nnvrou cpdpt-odr I ou€Xrts rdoq(o=o) roE rox!.

zL=Lu - zl=o (ppoxuK!r-Id!q).

oru dipo 6avrKo! Tnviou .gdptooo'rp€ svqMqoo6pevn rdon pe Tol0
4 KUKnrKi ouxvdrqro (u=e) r6rE Zr-q /Avorxro <nK,\dpo) Ta nnvE rou

6erep6vouv id p€olors !e rol0 uqrrtds ouxv6rnEs ldyowql

t2



+ KEOA AIO 2

2.7 Anupupvis nEot$dMovro< ttt{lx6 nooc ro yonon

ouv 6r.uKprvioe$ yo Kdro€S rdpdpdrpooS €ilt Xpqorponoolvror oqv

reeqii6€<. OIa ourd, 6rlproupyolvrdr paoo rou ootyo'l (guide) rou matlab

:r6XoE rqg 6nloupyiqE rou TpoypdlpdroS nrdv qq.v6S p€v q

€[syoyi ooqqid'v oupr€pqopdr@v o$repou a€, I 600 ro 6uvdr6v

F.ydl'h€pq eox6pso vd Xp|oruonor4oEi qn6 qvep6nouE !€ nS €rdxoEs
yvdi@B Tdvo o€ n^€KrpovrKo'ls uno,\oyrdag. No Eivq onlooi, qqv yl6ooq

rnE rbpoeopiKt9 (e|IrK6 rpoS rovXpnori).

r'v€ or r'jKo^o Ko_ovor ri I rpondo.o \drdor.urts FvoS rrrooJ
trpoyptjpFo-os ro oroo $r €o ervor a:\o,\o npoq -ov Xp|o-t vo ro

Xprprpotro riocr dMd K .trlots vd dftle0vrrdr o. koN6 ,\Lvoepo
.foik€bFvo p€ roug 4l.(rpovrKolE utro^oyrq€q. :rrtv trpowdsco qui

XptorpotroinenKs o oatydE (guide) rou malab p€ trlrtedrpq en oy6v o€

rcuptrrd (builons) (( ypopriuaro (axes).

2.2 ntotvodah afiAd)v Aatrouovi,rbv rou matlab

Kd, rou EcotBAMovroc yohon< fou

ro rtv Elroopyid iou ii€piBdMovroE epyqoiqs Xp8dqnK€ q

Onloupyiq buttons Kqr axes 6nos eriory Kor arpdvov (lexls) rs onolo €ire

KE@AAAIO 2 . MATLAB

iJS roug oivovrqi ouyKEKpU€w< dEordo€rq eade4 do T€p$dMov

oioqfvdJ Kooooilno roro |6.6rnr_S ro, o lr,,oupynS nou €ot&L,Iolv

l l
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t<oros duron -ou {qoloiou vo vo Viar \orqvotr6 ro nlirg lnopci
vd 6ttproupYtotl p|o nopoouprKi eeqppoyri !e rnv porioEo rou mailab.
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