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1.1. H Aorpovoltio uq emorfipq

1.1.1. Zxonoq Kat nepex6pevo u1g Aorpovopiag

H Ampovog[o ooloAeiror pre rr1 prel6q rov oupov(orv otoprdrurv Kor ye-
vrx6repo rou o0pnovrog. ot oorpov6prot npoonooo0v vo xorovoqoouv rn
<D0on, rtg r6t6rqreq, rn dqpuoupyio Kor rrlv eE6rt€n rov 6torp6prov orrlpdrcrlv
nou noporrlpo0v orov oupclv6..,TeArx6g oxon6g roug eivot vo e(rlyqoouv
ro noq 6qptoupy40rlxe ro o0gnov, ono not6g edoerq n6pooe xqr nou gq
xoroAq[et. To 069o t6roirepo qur6 qnoreAe( ovnxe(pevo rnq Kooyoloyiog.

H 6vvoto rou o0pnovrog 6ev e(1e ndvro ro (6ro neptel6prevo. l-ro roug
oploioug, ro o0gnov qnorelo0oov 11 t-q, o 'Hhtog, 11 lelrlvq, peprxoi nAo-
vrlreq, geptxo( xoprlreg xot preptx6g lrhrd6eg oor6peg. Me rrlv ndpo6o 6-
u(l)q rou xp6vou, or v6eg ovoxoh0rfrerg dpxovrov vo epil\ourloouv Kqr vcl
6tboouv v6eg 6tomdoerg orrlv dvvorq rou o0pnovrog, npdypro nou ouve;1i-
(eror pr61pr oflprepo. 'Erot prnopo0pe vo no0pre yevtx6, ntoq Fe rnv 6vvoro
oOpnov evvoo0ge ro ndvro nou undpxouv Kor unrlp[ov mo ldlpo Kqr oro
1p6vo.

1.1.2. Ampovolt[a xat noArcop6q

To o0pnov, xot t6tq(repo 11 64proupy(o rou, e(vqr 6vo 06po nou 6ev o-
nooloAel p6vo rqv entorrlgn rr;g Aorpovogiog. Aev unrlp(e no)\rrroprog,
6ev undpler e0\oooQio r1 0pqore(q, nou vo Unv nepr6;1ouv orov nuprlvo
rorv r6etilv, rqq niorrlg Kor rnq 6t6ooxqA(qq rouq, KoouoyoviK6g on6{etg.'orov o o0ylpovoq qorpov6pog ovo(r1r6er sro nopeA06v roug nohot6re-
pouq ouvo66lgoug rou, 6av roug ouvovrder p6vov ovdpeoo orouq uogn-
gorrxoug, qAAd xr ovdpeoo orouq Bq6uA6vroug tepe(g rot pdyoug, orouq'EM4veq rftloo6rpouq, orouq xoA6yepouq rou geoo(orvo Kqr orouq euye-
veig rrlg Avoy6vvqoqg' 6poroug g'our6v, u6Arq ro 170 oubvo 6pioxer.

It4v op1ot6rr1ro, q Aorpovoplo ouv66d\e no]r0 orrlv ovdnru[q noA-



trdrv rtro6rov rnq Enrmrlpqg xor t6toirepq rov Mo0rlportxtbv. Iro v6o ndhr
[eriv41,ro rrlg Enrorfipr1g on6 ro 16" ouilvq xr 0orepo, o Kon6pvtxoq Ue rnv
ovdmu{r1 rou rlAtoxevrptxo0 ouor4poroq rou Apicrroplou, o l-qr\d\qiog pre
rr1 6tonrpo rou, o Kedtep (Kepler) pe rouq rperq epnerptro0g v6proug rou
yrq rnv xivqoq rolv ntrovrlrdrv xor 16)ro9 o Ne0rcovog (Newton) ge ro v6go
rrlg noyx6oUrqq eAqnq, rlrov exe[vor nou dvot{ov roug v6ouq opi(ovreg
ornv enrorrlpovtxrl xor QrAooo<prxr1 Oedlpqon rou x6opou. H Fr1 6noge nro
vo 0eope[ror ro x6vrpo rou x6opou xot n4pe rq oom4 r4g 06oq oov 6vog
ono rouq nJ\ovqreg tou q)\roxo0 poq oumqporog. Kr our6 rlrov pno enovd-
oroorl pe oo6op6g <prAooo<prx6g xor xorvtovrx6,g enrnrcboerg rot repdorteg
yevtxd ouv6neteg yro rnv ovOptlnrvrl np6o6o.

1.1.3. Ampo.vopfu Kar tDuotx1

H oug6olrl rrlg Aorpovoglog qrhv ovdnru(4 rqg o0yXpovrlg Ouotxrlg
4rov xoOoprmrx4g orlpooiog. Kr qur6 ytor( r1 Ouorxq 6pioxet oro o0pnov,
mo porp6KooUo, <puorx6 epyoorrlpro nou 6ev elvot 6uvor6 vo 6qpuoupyn-
0o0v ndvol fin fn Kor nou rrl 6oq0o0v vq l0oer noAhd npo6)\rlporq rov
motlerobtilv oroporr6(ov, rou prxp6xool.rou. 'Erot 6ploxer nuxv6rrlreq rnq
tiArlq oro lieoooorprKo lrilpo grrp6roreg, nr6oerg oro x6vrpo rov ocrr6pov
OqvrqorrK6g, geppoxpooieg oMo0 e(orperrxd XqpnA6q xr oAho0 onimeuro
ur!nl6q, d\lgoreg 1p6vou xor onoor6oeov qo0A)\qnreg. Meprxo( XopoKrn-
protrxoi moO;roi rqg oupBolng rnq ourflg elvot q 6tor0nuroq on6 ro Ne0-
r@vo rtov nro 6qotx6v v6grov r4g MrllovrKnq, n nerpc4torrKrl end\r10euo4
rrlg l-evrrcr1g @etrlpiog rqg llerrx6rqrog, 11 ovoxd)\uqrn rou Xngrxo0 oror-
Xeiou "q)\tov" orrlv 4trroxq orp6oqorpo nol0 nprv ovoKoluQre( ndvol mq
l-r1 x.d. To nro ouvrclpoKrrxo 6purlg epdrqgo, nou 60eoe 4 Aorpovoprlo orrq
opx6q rou orcirvo prog, qrov q npo6)\euoq qg tepdorrog orrtvo6oho0gevqq
ev6pyetog qn6 rov 'HAro xot roug oor6peg' epdlqpq nou ouv66ohe ornv o-
vdnrufrl r4g flup4vtxrlg Ouorxrlg xot 6Mtrlv xAd6orv r4g Ouotxr'1q.

1.1.4. flparcrx6q eQappoydq

H Ampovop(o rrlg enrmrlgrl nou ovnret ornv neptopl trlg xogopqg 6-
peuvoq, 6ev npoo<p6petot oe 6geor1 nporrtrrl exgetd)\Ieuon. f)tr16oo, ue-
ptx6q on6 rrq eQopuoYeq rnq elvot qn6 rtq nto no]tt6g trlg Enrorrlunq. H

Xpnon rou q;repohoylou n.X., 6ntog xot q Xdpo[n rnq nope(og crrlv [r1pd ror
r6roirepo orq Odroooo, 61ouv tmoplo 1rAt66tov erdlv. 'E;r;reoo ndvttrlg, pe
rnv npooQopd qg mrlv ovdrnu(n rnq Ouotrrlg, 6Xet oug66het oe repd:
orroq .orlFoolog npoxrtK6q eQqpuoY6q.
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Me rrlv xordxrrlo4 e[dMou rou 6tomquoroq, 11 Aorpovoprlo on6xrqoe
v6eg dtomdoerg, 0orepo on6 rq qxerrxd npoxrtx6 oo6rn nou npo6xutpov.
Av xqt q oxont;r6rnro rnq en6v6uorlg r6oolv duvdpeov, nveuporrxcilv Kor u-
)\rxrirv, mqv 6peuvq rou 6romrjprorog op<proBqrnOnxe on6 noAho0g, pe o-
nor6leoyo vo undp{ouv UoKpoxp6vreq 6toprdleq, onUepo pnopo0pe vo
no0pe norg 6yrve nrq Korovoqr6, no4 or gerrr6g npoonrix6g nou ovoilrq-
Kqv ue rrlv xordxrnon rou 6roorrlporog, 1600 yrq rnv uArxrl 600 Kqr yro rnv
nolrrrorrx4 np6o6o rqg ovopron6ulroq, elvor rpovroorrx6q.

Meptxd on6 rq nro orlucrvrrx6 orlgepo oe6ln e(vqr ouvonrtxd ro o16-
)rou0o:
o) H ov6nru{4 rou oucrrfpprorog r4Aentxorvurvroxdrv 6opu<p6prrlv Kor ol
euepyeilx6g enrnrdloerq rou 16oo mrlv noyr6opuo orxovop[o, 6oo ror mtq
nortrtorrx6q enoeeq rtov )rqd)v' xdpn o' ourrl n.x. q ov0pon6r4ro e(vor oe
06o4 vo nopoxol\ouge[ 6vo noyx6opro np6ypopgo r4)te6pooqg.
6).H ovdrnu[q ev6g ouorr]poroq pereopo]royrxcilv 6opurp6purv, nou enr-
.rp6ner vo y(varor np6yvoorl xorpoO peyoh0repqg 6t6pxetoq Kor oxp(6erog.
y) H ovdmu(q ev6g npoypdggoroq ouornportxqg e(epe0v4or1q rou Ouor-
xoO nAo0rou rrlg l-49 pe rr1 6ori0ero nqpqrnp4oecrlv xot gerpfoecov on6 re-
lvqro0q 6opug6poug. To np6ypouuq our6 onoxrdet tdroireprl oqpoolo, ov
ovoloytmel xoveig ro o[0 noyr6opto evepyerox6 np66]rqpo. H oxprBrlg
loproypd<pnorl rnq l-nq, n ovordAueq xotroogdrov nerpeAo(ou Kor Uerd\-
heup6rov, 4 ;.reh6rr1 r4g llopi6qs yro xol0repq experdAAeuon rnq, n Us-
A6111 rov oxeov6v Kor rou nAo0rou nou neprd\e(ouv, oAld xot r1 rol,0reprl
oftonoirloq rou u6orrro0 nAo0rou rnq l-4g, e[vor peptx6 qn6 ro 06poro
nou evrdooovror oro np6ypoppo our6.

Me rnv xor6rulo4 6ptog rou droorfrgorog pnopei vo ouv66erot nro d-
geoo ourfl 11 i6ra q onop(q rou ovoprilnou. H xor6xqc4 Kor o enorKtop6g
dtrtr<ov nl,ovqr6v (orog onoretre( (conxrlg o4goo(oq ovdyxrl, yror( xo0rilg u-
nooqpi(ouv opxerol oiuepo, or ouvo4xeg ndvo mr1 l-4, r600v or guorriq
6oo xr exelveg nou 0o 61er 64ptoupyr]oer o dvOpolnoq, eo xoromqoouv
xdnoro u6pq, oro ondlrepo p6Mov, o60vor4 rrlv entBiroorl rou ndvto o'ou-
ri.

1.2. Imopnrl avadpoyfi

H tmop(o qg Aorpovoy(og gnope( vq Xalprfie( oe rpetg nepr66oug: o)
ornv opxo(o, nou fertvder qn6 ro 660n qq ov0p6ntv4q rmop(oq Kor Ord-
vet p61pr rov Kon6pvtro (160 or.), 6) crqv nep(o6o rqq Avoy6vvqc4q, nou
enexte(vetar p61pt ro 16A11 rou 190' qr6vo xor y) orrl vedlreprl, nou oupn(-
nrer Ue rrlv ovdrrru[r1 rotv dtrArov enrmrlgdlv Kor rnq reyvo]roy[og.

1 1



1.2.1. Apyala neplodoq

H npdlrrl rldoq ovdnruqnq rqg Ampovopiog ouv66aror Fe rnv e(unq-
pdrnon roOopd nporrrx6v ovoyrdrv, 6nog {rov n 0nopEn qpepo)\oy[ou, o
npooovqrohop6g orrlv [r1pd Kor orn 0dAoooo r.d. M6oo oro i6to nlo(oro
6p.oq 0o np6net vo ronoOerqOel xot pio d}tAq 6Un rnq Aorpovop(oq rnq op-
lor6rrlrog: 11 n(orr1, on6 dyvoro xor Q66o, rou r6re ovOpdlnou, 6rr ro 6orpo
xor rdtoitepo o 'Hhrog, 

n lelnvn Kqr or nAovflreg, en4ped(ouv dpeoo rq yr-
yov6ro ndvto mq l-r1, 6nog elvor ot n6)repor, or enr64p[eg, ot nAqpp0peg, ot
ne(veg, ox6po Kor ro nenporp6vo x60e ovOptirnou. 'Eror ovom0l0qxe 11 A-
orpoltoylo xot po(( rnq or oorpovoprK6g noporqp{oerg, ot ono(eg Ue rnv
ndpo6o rov ouirvtov Kol rov lilrertdlv o6rly4oov oe perprloetg o4povrtxflg
orpl6erog, oMd xar oe pro notr0 npo;lropnp6vn yv6on 6roq6poi oorpovo-
prrcbv Oqrvopevov, ;1rop[q 6pog vo 61et y(vet xopr6 o1e66v npoon60ero
0eoprlrrr{g epprlve(og.

H Aorpooploroloyio 6pioxer noq rq nro nqr\rd Kql nro yvcoord prv4yeio
rtou nqpouotd(ouv oorpovoprK6 evdro<p6pov, 6;1ouv rlArxlo 5.000 ettilv ne-
p(nou. Autq eivqr ot nupopl6eq Tnq Ary0mou Kor ro peyo]rr0rx6 pvqpeio
Stonehenge (Zr6ouvlevrO (oX. 1.1.f grr1v Ayylio, nou 61ouv oorpovogtr6
npooovoroArop6, 6qAo6rl rdrotov drore vq ouv66ovror npoq 6t6<popo o-
mpovoprrd 0qrv6pevq. An6 rov npooovorohrop6 n.X. rtov nupopr(6ov npo-
x0nrer nttrq or Ary0nrtbr yvrilpt(ov optop6veg 6ootx6g 6reu00voerg oro 1dl-
po, nou Xpnorponoro0v or ompov6proi. Eivor yvtom6 or6po ntoq nopcrKo-

ZXipa 1.1: To yeyak0u6 pvr1peio rou Stonehenge (AWA\fl, nou Xpnoryonoil1r1xe
m0av6v ag Amepooxoneio yeraft 2800 xar 15Co n.X.
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hougo0oov rrg xtv{oetq rou H}r[ou, rqq le]rf,vr1q Kqt rov nAovqrdrv, nopo-
rrlpo0oov roug oor6peq Kqt €eXdrpt(qv peptxo0g omeprogo0g. Fltcne0etot
ox6po ntrlq XpnotUonoto0oov rlpepoh6yro qn6 ro 4.000 n'X.

l-lopd\Ir1)ro qvonruoo6rov n Aorpovoglo Kol o' d,\)reg nepto;169 tou
r6opou oe geptr6q p6)rtoto nol0 nro or1;rovtrrd' Irrlv neptoxttl tou Eu"

Qpdrn noropo0, o Bo6uAtovtox6g noltrtop6g, nou (exivrloe ro 3.000 n.X.,
66tooe mrlv Aorpovopio ndpo nolAd, t6roirepo roug teheutoloug n'X' qt6-

Veg pe rouq Xoh6olouq. Irrlv lv6lo eniorlq, qn6'ro 1.500 n.X., xo8tilg xot
mqv K(vo qn6 ro 1.400 n.X. neplnou, undplouv o(t6ntoreg poprupleq yt'o-

[t6l\oyeg qotpovoprK6g yvtboetq, evcb oe ;ru0ohoytr6 enlnedo ot yvtiloetq
our6q ov6yovrot oqv 3n n.X. yilterlo. 'OIor qutol ot noltrtopoi eilov 611-
ptoupyrloet qpepoh6yto, elyov ovontOfet rrq nqpornpfloetg rov oupov(tov
ocop6t{ov, EeXtbpt(ov xor ov6po(ov rouq ooreptopo0g. floporqpo0oqv o16-

Uo rrq'exAeirperq rou Hh(ou Kot rnq Iehflvr1g, Ytq rtq onoieg undplouv mot-

1e(o on6 ro 2.200 n.X.
Erqv A;reptxfl n6ht, rpetq nohtrto;.roi - ttov 'lvroq, r<ov A(r6xov Kqt rov

Mdyro - etxqv orlpovrtxd ofipovoptKd entre0ypqto. To rlgepoA6yto rov
Mdyto n.X., crv rot cnrlpt(6rqv oe noh0 npor6yoveg pe066oug noporflpq-
or1g, tltov orlpovttxflg oxpi6etog.

H enrmqgovtxrl 6ptrlg ovdntu(r1 rqg Aorpovop.riog op1((et orrlv EIh66o
on6 rnv eno1r1 rou OoAri, ro 600 n.X. neplnou, Kot lopoxrrlp((erot on6 rqv
npoondOeto Utoq oetpdg ompov6ptov vq 6tqtuntiroouv v6poug Ytq rq nopct-
rqpogpevo oorpovoptxd <potv6pevo. Irrlv npoondOetd roug ourfl ovdnru-
(ov 6rd<popeg uno06oerg olertxd Ue rn 6opn rou o0pnovrog.

Or nro onou6qlot 
'E)U\r1veg ootpov6;tot unt'1p(ov o 'lnnopXog (2oc ot.

n.X.), nou $etopelror xot o nor6poq rnq Aorpovoploq, Kot o Flro]repoiog nou
ouv6;1roe ro 6pyo rou 3001p6vro opy6tepo Kot nou 6tqr0nooe ro nepi<pr1-
go llroleyoir6 o$or4po Ytcl rrlv x(vqor1 rorv nAovrlrdrv mo povo6tx6 yto
rrlv enopl 6pyo tou, rq MeydAq Mogrlpronxn l0vrqq,n, yv<om{ trlS "A}rUo-

t6orr1'.
Meto rqv nt<bor1 rou ElAqvrxo0 xot Ptrlpoixo0 noAtttouo0, n Aorpovo-

pio n6pooe oro X6pto r<ov Ap66tov, nou per6<ppooov rnv AlpqY6crq xt 6-
Kovov 6tdgopeg noporrlprloerq Yto rr1 6e)\r(tooq exeivcov tou Flrohepoiou.
An6 ourofq n6pooe opy6repo, xord rr1 6topxeto T1nv KoroKrrloedlv rouq,
orqv Eupdlnrl.

1.2.2. l1epio6oq rrlg Avayivvnonq

H oorpovo;uxt'1 enovdoroon dplroe ro 16" qt6vo mrlv Euptilnn Ue rov
Kon6pvtxo, nou .66yd\e" rn l-r1 on6 ro x6vtpo rou 4)\toxo0 ouorrlporog,
ro r6re 6nAo6ri geopo0pevo o0pnov, Kot .rono06rr1oe" exel rov 'HAto,

6rorrlpqoe 6po4 t'dlU\o crorle(o rou l-lrohepoixo0 oumriporog. H olertxrl
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Oeopio rou qvonr0l0qxe mo 6pyo rou "De Revolutionibus orbium Goele-
stium" (nepi r4g neprfipoOflq tov oupov(rov ogorprilv), nou 6rlpoore0rrlxe
perd ro 0dvqr6 rou (1543). H 4hrorevrprx{ Oetop(o, yvcoorfl tog Konepvl-
xero o0or4;ro, 6ytve otyd-oryd ono6exrfl on' oA6xhrlpo rov x6opo.

flpdner ndwog vo rovrorri nog q 166o tou r1)rrorevrprro0 ouorfiporoq
oQe0\8ror orov Ap(mop10 (30q or. n.X.) o 6e Kon6pvrKoq, nou e[;1e pe]rerrl-
oer ro 6pyo rov oplo(rov EAAflvtov oorpov6ptov,,eyvdlpt(e rnv 166o ounj
rou Apioropxou.

An6 on6geoq nopornp{oeorv o Kon6pvtxog 6ev 6xove or(e66v r[noro.
Erelvoq nou npoflygye enrorngovrrd rrlv nqporipnon {rov o Aov6g o-
orpov6pog Tycho Brahe (T01tov Mnpo16)' q oxp(6ero rov perprioe6v rou
(enepdmrlre p6vo ue rnv eoe0pecnl rou r4)reoxonlou. Me rqv xorooxeu{
rou npdlrou rrlAeoxon(ou mrg opxeq rou 17ou ouilvo, o l-otrtloiog 6ytve o
nro onoreJ\eopoflr6g nopqrnpnrf,g: q ovoxdhurln rov reoo6p0)v nro ueyd-
Arov 6opu<p6pcov rou A(q, 66ooe tr1v erx6vo rou r1)rtoxoO Uqq ouonpporog
oe prKpoypoo[o, enr6e6qr6vovtoq rnv r1]rtoxevrprxrl €etopio.

or epnetptrol v6pot rou Kepler yro rrq ehtrermrx6g rpolr6q rov nhovq-
Tdrv, nou cn4p(prlxov ndpo noh0 orrg noponlprloerq rou Brahe Kor rl peyo-
)rogu(o rou Ne0rovo ue ro v6go rrlg noyr6oprog 6)r[119 ir0ov rerrxd vo
drboouv q ocomfi 6doq yro tnv epunve[o r<ov xtv{oeorv rov n}rovr1r6v rqr
rov 6)rAtov peldlv rou q)\toxo0 ouor{poroq Kor rrlv ovdmu{q yevtrd rrlq
Oup6vrog Mnlovtx{s. Aiyo opy6repo, o Herschel (X6poel) (rono€ero0oeD
rov 'HAro orrl oomfl rou 06c4, Oeopdlvrog rov oov 6vov qn6 rouq nol-
)\o0q oor6peq nou elvor dtesnopp6vor p6oo oto X6po.

1.2.3. Nedtrepq nep[o6o9

An6 ro 16)111 rou nepoopr6vou oulvo, 11 Ampovopio yvrilproe pro v60 dv-
0non. Koro rr1 6rdpxero rou 18o, Kor rou 19ou qr6vg, or noporrlpnoerg pre ro
rqheox6nro flrov q1e66v onod\etcrrrxd ogrepop6veq orouq nAov{reg xor
m' d)\tro ;r6)\q rou r1)uoxo0 ouorflprorog. or om6peg rirov no)\O poxpud yro
v' oqlo)\r10e( xove(g p' ouro0g, evdr 6ev flrov rinoro yvoor6 olenxo u' opr-
opr6vo ve<pehdl6r1 ocirporo nou orlprepo ovopd(ovror yd\ofieq. E6tb xr 6vo
nep(nou ordrvo 6u<oq, ue rrlv ovonru[r1 rov rexvrKrirv ;r6orov Kor rnv Kqrq-
oxeuq geyd\rov rrlAeoxon(ov, 6yrvov ot npdlreg ;rerprrl0erg rtov onoqrd-
orov rov oor6pov xqr 6tonrorrirorlxe noq or ydto[(eg 6ev eivor nopd repd-
fireq ouyKevrp6oerg om6pov.

flopdil\r1Ao, 11 rono06rnon oro rq)\eox6nro eoroypoerx6v prrllovdrv,
OooForoypdrprov, <porop6rpov xr dMrov opy6vtov rrlg ouorxrlg, eyrorvio(e
rq peh6rrl rnq qKrrvo6o)\iog rov oupovirrlv otrrpdrov, rn euorKrl 6qxo6rj ro
XnUrKn roug ovdluorl. 'Eror yevvnoqxe q Aorpoeuorr{, nou o6rly4oe crqv
xorov6qc4 rqg 60ung Kqr rnq e[6rr[qg rtov oor6pov, yro vo xuprop1f10e.
teAtxd o'6Aoug roug xA66ouq rnq Ampovopiog.
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H Oeopio rqg llertx6rqrog on6 t' d}rl\o pr6pog 66tooe v6o pop<pr1 xot

v6eg 6tom6oerg orrl ;re)\6rq rou oopnovroq, 6o(ovroq rrl oqpoyioo rrlg
cr4v Kooptohoyio.

H ovdnruEn 16)ro9 rrlg Po6rooorpovopiOg gerd ro 6e0repo noyx6opto
n6hepo rot 4 ronog6rnon rrlJ\eoronltov oe rpo;1td Y0po on6 rn fn' Umepo
on6 rqv np6o6o rrlg 6roorq;1rrlg relvrxrlq, onore)\o0v to releurolo 6nUo-
To ornv np6o6o rrlg Ampovopiog, nou op(oreror onpepo Fe Ttq ovoxoh0-
rlerq rnq ornv nporonope(o rhq EntsriUnq.

1.3. Aotpovott,Kfg naparqprroe,q Ka, 6pyava

1 .3.1 . Ampovopmn naparnpnon

H Aorpovol.rio 6rotp6per on6 rr1 Ouotxfl xt dhAeg entmrlpeg, oro 6rt 6ev
prnopel vo Xpnorponorrloer ro neipopo, qll6 crrlpi(etor onoxhetmtxd orrlv
noporflprloq. To p6vo nou l.lnopo0v vq rdvouv ot oorpov6pot elvot vo no-
porrlpo0v Kor vo nopoxolouOo0v rqv ep<pdvtorl xr e[6],t[q rtov 6tqQ6pov
gorvop6vrov Kor vo npoonoOo0v vq epUnve0oouv ro 6e6opr6vo rov nqpo-
rrlpqoeov mrlpr(6pevor orouq yvomo0g v6proug rrlq Ouotrflg xot rov dA-
Aov entorqgdlv. Me rqv ovdmu[r1 ndvrog rov 6roorqgtrdlv ouoxeucirv xot
epyoorqpirov Kqr rnv onomoh4 rouq or4 leht'1vr1 Kqt o' 6)rtro pr6Ar1 rou n-
Aroro0 oumflporoq ytq rnv exr6)\eor1 perpt'loeov, pnopo0ge vo no0pe nog
dpltoe 11 ovdnru[4 xdnorog UopQr'lC nerpoporlKrlq ompovolliog.

H provo6txrl o1e66v rqyi nlnpo<popuilv nou 6;1ouv or oorpov6pot yto
rr1 peh6rrl rou o0gnovrog e(vot or rd0e e(6oug qrrtvoBol(eq nou exn6p-
nouv rct 6td<popo oupdvto orilgoro Kor nou <prdvouv cnn fn 0orepo on6 ro-
€(0r Xrhtd6rov, eKoropUupitov rot 6roerqroppupicov erdlv, Q6pvovroq noh0-
rtpeq ntrrlpoQopieq 16oo yro rtg rqy6g 6nou yavvqOqrov, 6oo rot yro ro
UeoooorprK6 Xcbpo nou 6r6o1toov. H noport'lprloq ouv(crrotqt crrl ouyr6v-
rpoorl rot ovdluo4 qurdv rov ctKrrvo6ohrrilv Ue xqrdllnho 6pyovo, nou 0o
yvrop(ooupe nopoxdrro. To epdlrqpo nou yevvr6rot op6orog elvor: rr ei6ouq
nl\qpoQopies Uoq <$6pvol.rv or ornvoBoh(eg our6g Kor Ue noto rp6no pog
ng gero6t6d(ouv; Or 6oo1169 ntrnpoQopieq nou nolpvoupe ovoQ6povrot
firq QuorK6q r6r6rqreq rtov nqydlv roug, 6norg e(vot 11 noo6rnrg ev6pyetog
nou oKrrvo6oAo0v, 11 nieorl, 4 Oeppoxpoo(o, ro poyvrlrrx6 ne6io, n XnptKn
o0orocrl r.d. Avorp6povror ox6po cro p6ye0oq rov nr1y6v ourrilv, ornv o-
n6otoor1, ng rrvt'loerq rouq x.d. Or <puotx6g p60o6or e[d\Aou Ue rtq onoieg
ylverot n Inun rolv nArlpor]opuitv elvot ruplrog n Qoouorooxonrrrl ovd]ruor1
Kor n Qorogerpio.
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1 .3.2. {Daoparooxonxrl avdAuo4

H nro yvtrlorrl on6 ttg oxrtvo6oAieg nou exn6pnouv ro 6rd<popo oup6-
vro o<irporo elvor q rptorervrl, ro Qoq, nou oupnept<p6petot elre oq vo np6-
Kerror Vtq x0Uorq (qAexrpopoyvqrtxd x0proro) elte yto oor;ror(6to (<ptor6-
vro). Oprog6vo 6r1)robrl <porv6prevo e[qyo0vrot euxo]r6repo pe rnv KUUort-
xn dnorln xor dAho Ue rn ooUclrt6toxrl dnoqrn. Errlv np<irtq nepinroorl Oeo-
poOge 6rt ro x0poro nopdyovrot on6 rr;v roAdvrooq r1)rexrptx<ilv <poprlov,
evdl orrl 6e0repr1 on6 rr1 6t6yepor1 rov or6pov Kqt rov ;ropl<ov rqg 0Ar1g.
Kor crrg 60o novrog neprmd:oetg ro ouprnepdoprorq nou 0' ovo<pepOo0v
nto xdtto 6ev 6to<p6pouv.

'Orov )rotn6v 6vo rlAexrp6vto exrehe( roAdvttrlorl Y0po on6 pto 06o11

Ue Ultr oulv6rrlro v nohptilv ovd sec (Hz), nopdyerqt 6vq rlhexrpopoyvqttx6
xOpo nou 6ro6i6etot mo ldlpo oQotptKd (oX., 1.2) pe ro10rr1ro c=3'108 m/s
Kor XopcrKrrlp((erot on6 ro UnKoq x0prorog A (c:)rv). 'Orov ro x0;to ouvov-
rrloer 6vq dAAo r1)rexrp6vto, 0o to 06oet oe ovdAoyq roAdvroorl pe rrlv (6to

oulv6rrlro v. 'Erot ov ro npdlro qAexrp6vro 6p(oxerot n.X. orq e[oteptxd
mpdlporo ev6g omipo Kqt ro 6e0repo o' 6vo dropo xdnotou xurrdpou
rou op<pt6)rqmpoet6r! lttdrvo rou porto0 (66xrr1) rou nqpornpnrn, n ro-
)rdvrtrlorl rou 6e0tepou qhexrpov(ou 0o 6droer rordhhrl)ro onUo qrov eyx6-

QoAo U6oo on6 lqptx6g 6to6txooleg, drlproupytirvrog ro o(o€r1go rou Q<o-
169. Aur6 6Urrn erD6oov 11 oulv6rnrq v eivot xqrdllnAn, 6ploxerot 6nlq6t'l
ovdpeoo o' optop6vo 6pro. To pdrt )rotn6v 661eror plo oxrlvo ouXv6rrlrog
v, ov6)royo 6e pe rqv rtgrl rrlg oulv6rqrog 6qproupye(tor 1 evr0ntooq ev6q

lpdlporog. Or oulv6rrlreg on6 4,3'1014 Hz u6xpt 7,5'1O14Hz (A uero€O 4.000
A xot 7.000 A nepinou) onorelo0v rqv oporfl neproxri rou ouv6Aou r<ov ou-
yvor{tov nou Unopo0v vo un6p(ouv, 6rllo6{ rou "rlAexrpopoyvrlrtxo0

ZXfipa 1.2: H Q@revn axruo0oAla an6 6vav am6pa 6ro6[6etar mo 76bpo o@otptKd
ue uopQft 4Aextpopayv4rtxtbv xupdrav.

rf6oyoroq", 6norq h6yetor. 'Evo no)r0 yvoor6 nopd6etypq, 6nou noporn-
pelrot oA6x]rr1pr1 n opqrn neptofl rou OdoUoroq, onore]ro0v to lp6poro
rrlq Qr6oq (oupdvro r6fo), ro ono(q ogellovrqr mqv ovdhuorl rou Aeuxo0
4Aroxo0 rltor6q un6 tq u6pooroyovl6to rrlq 6poXiq. To l6to gotv6pevo no-

16

) ) ) ) )

cordpc ls

) ) )



porqpe(ror 6rqv treux6 <prog 6r6pxeror p6oo on6 bvo yud)\rvo npiogo (xp0-
md\)rog no)\uehoiou) (ox. 1.3). To epugp6 dxpo rou <pdo;rorog ovrtmorlel
oe peyoho prlxr1 x0porog )r (prxp6g ouxv6rrlreg), evtil ro uil6eg dxpo oe pr-
xp6 p4xq xOgorog (pey6Aeg oulv6rrlreg). flepo qn6 ro epugp6 6ploxeror
ro un6pu0po, ro po6ro<prrrvrxd x0poro, xhn., evdl n6po ono ro uildeg 6p(-
oKeror ro unept<il6eq, or oxrlveg X, xAn. rro oxrlpo 1.4 <poiveror oA6xAqpo
ro r1)rexrpopoyvqnx6 Odopo Ue rrq drd<popeg neptoX6g rou.

ZniUa 1.4: To 4Aercpopayv4nx6 e6oua axrwo1oA[ag Kat ta *nopdeupa, qS ynF
v4q a4t60tpatpag nou ennpanouv 14 66Aeuo4 0ptolt6votv neptoytitv
tou.

Ng
.E

N A
l\\\\ i

N\\\ J
tlJ\t a

r-r .f
l 1 3
t t e
I  t < ,

U ;

ZXlpa 1.3: Av6Auo4 Aeuxob eur69 mo edopa rou, an6 6va omu6 nplopa.

Kuavci
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I loproxc
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lr€ putpo,
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r I o  L o
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Iql.repo n InUn xot e(6rorrr1 rou Q6oporog rdOe otbporog nou exn€1r-

ner orrtvo$oA(o yiverot Ue Tn 6or10ero opydvtov nou rd\o0vTot Oooyoro'
ypdrlor. H qpxn tr1g herroupyiog roug oqpi(erot orrlv ovdAuorl rnq ̂ op6o-

v6gevrlg oxttvoooh(oq pe rr1 6of,0eto nptoprdrov on6 xordAlqho yuohi 11

dAhrov omtrtilv opydvtov (omrrd <DpdVUqro).
To <pdoporo rov 6roq6pov nlydlv qxrtvooolloq nqpouotd(ovtol pe

rperq uopQ6g nou ep;rqveoovrqr xqrd 6roqopertxooq tp6noug. 
'Erot 6to'

xp[voupe: o) ro ouveX6q <Ddopo, 6) ro Q6oUq exnopn{g xot y) ro 06oUo o-

nopp6<Dnonq.
To ouvey6g Q6opo Utoq nnYnq nept6let 6)rq ro pr1xrl x0porog gtog t'1

neproo6repov neprolrilv rou rlhexrpogoyvrlttxo0 odouoToq. T6roto qdopo

[ivouv n.X. TCI oreped K11i 161 uYp6 nou $p(oxovrot oe 6rdnupr; rot6moon,

xo€tilg Kor ro o6pro un6 urlrnhft nieorl, xor pot6(et ue ro <Ddouq rou oxiuo-

rog 1-5o. H ev6pyeto oxrtvooohlog 6puog nou exnepnsrot oro 6tdqopo pn-

rr1 xoporog 6ev eivot (6tq, 6ev e(vor 6r1lo6q Korovelrnu6vq opot6popQo

oro Q6opo. H xorovopn rnq e(opr6rot on6 rr1 0epporpooio r4g nnYiq (pe-

)rov6 orilpo). 'Eror n.;1. 6rov 6vog oor6pog 61et olettxd UrKpn on6Aurq $ep-

;roxpooio T, 11 neproo6repq qxrrvo$ol,lo rou exn6gnerot finv epuQprl ne-
proxn rou e6opqros,yr qur6 xqr o ooi6pog our6g Qolveror rorxtvorn6g. 

'O-

rov qvr(Qero 6;1et peyohftepq Qeppoxpooio, 11 neptoo6reprl oxttvo6o)\(o

rou ern6gnerot oe ;rtxp6repo prlxr1 x$poroq, ornv ruovfl neptolq 6r1Ao6f1

TOU QdOUOrOq, Kor O oor6pog Qo[veror x6no4 xuov6g. Me ;lto gortd mov

vd rpos  aepdou

nnyri
t reuror j  rpur tds

t^
\1-
Y\
t \

\\

\

il
( o )

ZXftpa 1.5: H apXrt ,nptoupytaq totv 6nq6pav Qaopdruv axnvoaoAtog: a) ouvey^g

Q6oUa, 6) Q^otto exnopnfig, fl QdoPa anopp6Qnong'
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oupov6 6)r6noupe npoyponxd noq 6rd<popor om6peg nopouord(ouv 6ro-
<poperrx6q onolprboerg, npdypo nou orlpro(ver ntoq 61ouv 6ro<popertx6g enr-
qoverox6q 0epgoxpooleg.

To r|6opo exnopnrlg proq nnyflg 61er 6vo oxoretv6 un66ogpo ndvol mo
onolo undplouv optop6veq Aognp6g ypqpp6q. T6roro n.X. eivor ro<pdq:
ev6g oep(ou un6 xounli nieoq (ox. 1.56). H 06oq rov )ropnpdlv ypdi..rii
exnopnflg oro <pdogo e(vor;lopoxrqprorrxrl rou e(6oug rtov or6golv ncu nr
pr61er ro o6pto.

To g6opo onopp6rp4onq Uroq nnynq onoreJ\eltqr on6 6vo ouvey6g rpol-
tetv6 un66o€po (ouve16q <p6opo), ro onolo 6rox6nrerqr on' optog6veg
oxoretv6g ypouu6q. T6roto n.1. elvor ro edopo nou ]roprodveror 6rov pr[o
66ogq heuxo0 Qor6g nepvder ;16oo on6 6vo v6<poq oep(ou (qX. 1.5y). H e6-
orl rov oxorstvdrv ypopprilv oro Qdouo e(vor ;loporqprorrxrl rou eiEoug
rov or6ptov nou nept6ler ro o6pto xot oupnlmer ue rn 06o11 rov ypopptilv
exnognqg rou i6rou oeplou. To v6rpog rou oepiou p' drlo )\6yro qnoppo-
<pder on6 ro heux6 eoq rnq 66opqq rrg oxrrvo6orieg exeiveq nou pnopei
xr exn6pner, ue onor6Aeopro vo ep<pov((ovror xev6 0ro ouvel6g <p60po,
611lo611 ot oxorerv6q ypopp6q onopp6rp4orlg.

To gdopro rou H)\[ou Kor rtov ocrr6porv e[vqr ev y6ver 6vo <pdopo clnop-
p6Qnonq (q<. 1.6). Iulv onnxrl neprolt'g rou rlAtoxo0 <pdo;rorog pnope( vo
perprloer xoveig geprx6g lttrrd6eg ypopg6q onopp6<pqor1q. An'our6g, o0g-
Qovo ue ro nopondvto, gnopel vo yvrrlp((et rove(g ro e(6og rtov 141.uxtirv
orotleltov nou nept6;1er 11 r|)rroxrl orpr6oeorpo qn6 rqv ono(o npodplerot 11
oxrtvo6orlo. E(ilrAou on6 ro ouvex6g edouo xot on6 ro ndlog (nAdrog)
rov Qoouorrrdlv ypopptbv elvor 6uvqr6 vo 6youv ougnepdogoro yro rn
geppoxpooio rot r1v n(eoq nou rnrKporo0v crr4v enredvetq rou Hhiou, xot
yevrxd ev6g om6po, xootlg Kor yrcr ro n(,)q preroodltrovrot qn6 ro eoorepl-
16 npoq rrlv enreovarq rou oor6po.

I ' : 6: 'Eva 
rynpa rou 4Aoxo, e^o\aroq anopp6tprTo4g avdpeoa oe 60o qd-

opara ouyxpioeug (exnopnid.

M(o dAlrl nAqpo<pop(q nou pnopo0pe vo ndpoul.re on6 ro edopo ev6q
oupdvrou odrporog, elvor ro ov qur6 nlnord(et rj onopoxp0verot on6 ep6q
Kqr ue noro ro;10r4ro. H ntrqpoqopio our4 0r4pi(eror oro oorv6pevo Dop
pler (Nr6nAep), xord ro onolo, 6rov prio n4yr1 xrveirqr ue ro10r1ro u oe
qx60n g' 6vov ox(vr1ro nopornpnrrl, ro unKoq x0poroq h puog qxnvogo-
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ZXiUa 1.7: Oaw6pevo Doppler: rc yixoq xhparoq A yrog axtvo0oAiaq nou Qrdvet
arn fn an6 pn Qotewfi n1yfi fiaAaftaq) pxpalvet (endva) i yeYaAtbvet
fuhoil 6rav 4 n4yrl nA4ot6(et i anoqaxp0verat avrlmoqla on6 rov na-
paqpnrfi (l-fl. 'Erot 

4 avr[moq14 YpaUUft aro Q6oYa'rnS n4Yf,S eyQa'
vl(etat peraromoltfvn, npoq v1v xuavfi fi epu9pft nepto1l1 rou avriorot-
Xa, oe q$on pe 14 06o4 r4g 6rav 4 nqYn efvat axtv4r4 $6ra).

)\(og peto6d\l\eror (oX. 1.7) xord noo6tqto AA : )t 9. 'Orqv 
n nnYn nln-

c
ord(er npog rov nopornpnrrl ro )t puxpolvet (AA<0) evdr 6rqv onopoxpUve-
ror ro )\ peyd\drver. Auro orlpo(vet no4 6rov ;tio tpooportxrl ypog;tn cno

Odopo evog om6po nopouotd(erot petotontop6vrl xoro noo6rqro A)\, e(-
vot 6uvqr6 gerpcirwog rq peror6ntorl our4 Atr vo 6po0pe rqv roX0r4ro
npoo6yyroqq r1 onopoxpuvonq rou oor6po, xord rq 6te00uvctrl nopornpn-
rr1 - omepo. H p6rp4orl rnq prerot6ntoqg Atr ylverot ;re o0yxpro4 rbu <pd-
ogoroq rou om6po npoq ro QdoUq prog mo0epnq nnVnq rou epYoorn-
p[ou.

1.3.3 cDaroperpfu

lron6g rnq OoroUerpiog e(vor vq npoo6roprorel 11 <polrervrl ev6pyero
ovd cmz Kor sec (Qtrlretvr'1 po4) nou <prdver oro p6rt rou nqpqrqpr;r1 on6
6vo oupdvro otirgo, q 9orv6pev4 lopnp6rnro rou otilporog, 6nog A6yerot.
Irqv opld ouro ytv6rov Ue yuUvo pdrt (orp0oApooxonrxd), pe tr1 o0yxprorl
rnq Qqrv6pevqg )\oprnp6rrlrog ev6g om6pq n.X. npoq rn )\opnpornro opr-
op6vrrlv npor0n<ov om6ptov n Uroq qolrervrlg nnvnq yvoorrlg lopnporqrog.
An6 ro 19" ouilvq Uexpr ro r6log rou 6eur6pou noyKoo;riou noA6;rou ytv6-
rov Qoroypo<prxd pe rr1 p6rpnon r<rlv 6raordoeorv Kor rou 6o0po0 opo0pro-
onq rou O@roypoQrro0 er6dltrou rou oupoviou orirporog. Me rrlv ovdntu[r1
rqg qherrpovrrrlg pero rov n6Aepo ovonr0X04Ke n Qorontrexrprxq Q@ro-
prerplo nou Xpnorponorel mrg prerp4oerg er6rr6g ],uXv(eg peydArlg oxp(-
6erog xor er6rro0q KoroypoQelq.
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1.3.4. tDaw6pevo Kar anh\uro p1yeeoq

rrqv np6[r1, erelvo nou perprEror 6ev e[vor q <porv6pevrl l\opnp6rrlro
B ev6g oupov(ou otirporog, qMd ro oorv6Feyo p6ye0oq rou m, nou elvor q-
vdloyo npoq ro 6exodrx6 hoydprOpo rqg trognp6rrlrog: m = - 2,5 logB. To
m ;retpt6to1616 "pet60n" oorprK6. A6pe n.;1. 6rr ro eorv6uevo pr6ye0oq xd-
notou oor6po elvqr 2,12 *pey60l" xor ypdeouye 2^,12 f1 m:2,12 mag.

To Qorv6pevo p6ye0og eivor 11 np6rr1 rpuorxri noo6rqro nou dplroov
vo npoodtopi(ouv ornv opxor6r4ro. flpoq ro oxon6 qur6, nptirrog o 'lrmop-

1og orolpeoe rouq oporouq Ue ro pdrt oordpeq oe 6[11 .pey60rlD XopoKrn-
pi(ovroq rouq nro Aopnpo0g cog np<ilrou pey60oug Kqr rouq nro ogu6po0q
o4 6xrou pey60oug. H ege0peo4 rou rrll\eoxon(ou en6rperpe qv nopotrl-
pnon nro opu6p<ilv ocn6pov, pe onor6A8ouo vo enexrqoel q d\(poxo xor
n6po on6 ro 60 p6ye0oq. Me ro peydAo rlAeox6nro 6)r6noupe rl <polroypo-
Qi(oupe oripepq om6peg u6xpr 24"' pey60oug nepinou. E[6Ahou ro )\og-
np6repo rou 1ou pey60oug oupdvro orbporo lopoxrnpi(ovror pe ;rey604
un66v Kor opvrlnx6. rrov n(vqxo | dlvovror ro pey604 geprxrirv oupov(rov
oorpdrrov Kor orov nivoxq ll ro oproxd pey60q nou unopo0pe vo noporn-
prlooupe pe 6rd<popo rrlAeox6nro

H Qoretvd ev6pyero (ovd cmz xor sec) 6yog nou <prdver fiov noporn-
pr1rq, 6ev qnorele( p6rpo rrlg ev6pyeloq nou exn6gner 6vo oupdvto orilpo,
ytori 11 np6rr1 e[oprdror on6 rqv on6orooq rou ocirporoq. M' 6lJ\o )\6yro 11
rporv6pevrl trognp6rrlro ev6g oupov[ou o<ilporog efoprdror on6 rqv on6-
orooi rou. 'Erot'or 

oorpov6por ov6youv ro Qorv6pevo p6ye00g oe gio
oroOep{ on6mooq ovorpopdg 10 nopo6r (1 nopo6x -1 pc - 3.1016m), io oe
p6yegog nou Blioxouv Kor'our6 rov rp6no ro ovo;rdiouv on6Auro p6ye-
Ooq (M)- H ovoyrrlyrt ourrl yiverqr ue rn q(6on: rn-M - s logr-5,6nou r elvor
r; on6oroorl rou oupcrv(ou otbporoc. H q(6gn ourrl lprlorpe0et ovrimpogo

NINAKA: I NINAKA: II

Oup6vro
o<bgo

Oorv6pevo
p6ye0og (mag)

'Opyovo

noporrlpqorlq
Oprox6
p6ye0og (mag)

'HArog

Ilovo6)\qvog
Arppo6irrl
Ieiproq (o nro
Aopnp6g oo16-
poq)
flooetdtilvog
flAo0r<uvog

-26,5
-12,5
- 4,0
-  1 , 5

+ 9,0
+15 ,0

Mdrr (n644)
Mdrr (e[oXr't)
Kud)\to
TqAeox6nro 1Ocm

1 m
5m

+ 3,0
+ 6,5
+10 ,0
+12 ,0
+17 ,O
+24,5



orov npoodroprop6 rqq on6orqoqq r rou oupovlou odrporoq 6rov lrerpn-
gei ro Oorv6pevo U6ye0oq rou m xr 61et 6pege( pe x6noro 6trlrrl p60o6o ro
on6)\uro U6ye0oq rou M.

1 .3.5.'Opyava naparnpnoeav

1.3.5.1. Fevrxd.

Ee rdOe ei6oug ocrpovoUrKrj noporripnon, Xpnotponoreirot ndvrore
yro rn ouyr6vrpoton rnq oxnvo6ohloq rou otilporoq nou noporqpo0ge, 6-
voq ouhh6rrnq oKrrvo6o)\[oq, 11 nro on]rd 6vo rqAeor6nro. Enet6n n ynrvn
otp6o<porpq qnoppoQdet ro peyoh0repo ;r6pog rcov qorpl.Kdrv qxrrvo6o-
)ruirv, entrp6nowog 14 6r6Aeuo4 p6vo o' erelveg nou ovrlxouv oE oprop6-
veq neptox6g rou Qdoporoq, qQt'lvovroq optopr6vo "nop6eupo" xqg6q A6-
Ue (q(. 1.4), ot nopoqprloetq on6 ro 66o<pog e(vqr 6uvqr6g g6vo ;16oo on6
ro nopdoupo ouro. l-to ro onrrx6 nopdoupo rou <|doporoq xpnoruonoreiror
6vo onnx6 rqAeox6nro Kor yro ro nopdOupo rnq neptolrlg rorv po6roxul.rd-
r<ov 6vo po6rorrl)\eor6nto. l-ro rqv ovdhuorl rot pel6rrl e(d\)rou rnq cDKn-
porr(6pevr1g err6vog (et6<bAou) on6 rrlv onolo ovr)\o0pe rrg n]r4po<popieg
nou Uoq lperd(ovror, XpnorUonoto0vrqr notriho 6pyovo, nou Unopo0pe vo
xorotd(ouUe oe rperq Kornyopieg:
o) cnoug ovd\0reg (n0U6S, rlooporoypd<Doq, x.d.), 6) orouq 66xreg (U6rr,
QoroypoQrxq nAdxo, rp<orox0rropo, x.d.) ror y) mo 6pyovo perprloeog (pe-
rprlrtxrl unxqvn, xoroypo<p6og, r.d.). 'Erot glo n^Rpnq 6rdro[r1 yro rnv e-
xr6)reorl noporrlprloetov 61er rn Uopen rou qlrlgoroq 1.8.

ortuuoSolric
.#
.#
4

Awldtns

H9!ds

0coycrolpcigo(
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EXlpa 1.8: AdidraQT opydvav yn tnv exttAeoq ampovolttxtitv naparrlpfioeov.

1.3.5.2. Orrtx6 r4Aeox6nlo

To r4heox6nrq, nou e<peup60r1xov ovdpeoo oro 1600 xot 1608, 6roxp(-
vovror on6 on6geoq KqrooKeurlg oe 6ronrprx6 Kor oe xoronrprr6. Iro 6ro-
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nrprrd, yro rn ouyxdvrp<oorl rou Qor6q Xpnorponore(ror 6vog eoK6S rl ou-
vq06mepo 6vo o0orrlpo eoK6v, ev6 qrq xoronrprrd 6vo xdronrpo Ue
oxnpo ouvrlOog nopo6oAoer66q (q(. 1.9.).

K60e rqAeox6nto lopoxrrlpi(eror 6oorxd on6 rtq or6Aou0eq ent66oetq
rou: o) on6 rq ouyx6vrpooq rptor6g, ngu e[vor 16oo peyo]r0repq 6@ Ueyo-
)\0repr1 elvor 11 enrQdvero rou ouJ\)r6xrr1 (rpoxo0 t'1 xor6nrpou). 6rot 6oo pe-
yd\0repqg 6rog6rpou elvqr 6vq rr1)reox6nro, 1600 oprudp6repouq oor6peg
pnopo0pe vo noporrlpo0pe, 16oo poxp0repo p6oo oto lrirpo pnopo0pe vo
6o0pe. H evr0norq nou enrKpqtel oe no]rAo0g 6rr pe peyol\0repo r4]re-
ox6nro 6)r6noupe toug oor6peg peyoA0repouq, 6ev elvot oroqri. Or oo16-
peq,Qoivowor ndvrore oov <poretvd orlpeio, 6noq pe yupv6 pdn, olil\d nro
Aopnpd )t6yo rrlq ouyx6vrpororlq rnq oxnvoOoh(qq rouq. Ere(vo ro oupd-
vro otilgoro nou Qq(vovror peyoh0repo, elvor o 'Hhog, 

n IeArlvn, or nlovf-
req Kor 6oo yevrrd 6;1ouv oroOrlnl enupdvero A6yo rrlq prKpflq roug on6-
fioorlq, 6) on6 11 droxprrrxrl rou trov6rrlro, rr1 6uvor6rrlrd rou dr1Ao6fl vo
EeXop((er 60o rovnvo0g orov oupov6 om6peg, nou elvqt 16oo peyoh0re-
pr1 6oo peyd\Orep4 elvor 4 drdperpoq rou ou]rA6xrr1 xor y) on6 rr1 Uey6-
Ouvoq nou Unopei vo 6riloer, nou e[oprdtor qn6 Trlv eorroKrl rou qn6<rro-
oq, oAAd xqr on6 ro Xpnorponoro0lrevo npooorp06Apo rpox6 (64. ott. 1.9).

'tt x
4 2 . J
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Exiua 1.9: Apyfl Aercoupy[ag omuoI r4Aeoxonlou: a) 6ompwo0,6) xarornpwol.

Eivot )\orn6v 0ovep6 nog or oorpov6;rot 61ouv ou;r<p6pov vo Xprlorpo:
noto0v 6oo ro 6uvqr6 geyoA0tepo rq)\eox6nro. AuoruXdlq 6Uoq, or rexvr-
x6g dtld Kor orKovoprx6g 6uoxoAieg yro rnv KctrooKeurl roug elvor repd-
orreq. To nro peydAo 6romprx6 rrlAeox6nro rou x6opou, 6rop6rpou 1,03 m,
Bp(oreror oro oorepooxonelo rou Yerkes (l-r6pxg), m4v ApeprKn (oX.
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(6)

EXlya 1.10: Ta peyaA}rcpa omrd r4Aeox6nrc rou x6oltou:
a)6rcnrpx6 (43 cm) rou Yerkes finA),
6) xaronrpm5 (6 m) tou Kauxdoou (2o6ttrtxf7 'Evaot1.)
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Exrtpo 1.11: Amepooxonelo peydAou trltouq (xa6dn) ue roug 06Aoug nou meyd-
(ouv ro r4Aeox6nn.

1.10o), evdl ro geyor0repo Koronrprx6, 6rop6rpou 6 m, oro oorepooroneio
rou Kouxdoou, orn ro6tertxrl 'Evroo4 (ox. 1.106). rrl;repo 6ev xqrqoxeud-
(ovrot nro peydho 6romprx6 rqAeox6nro, yro )r6youg re;1vtxo0q Kor orKovo-
prxo0q.

lrqv EMd6o, ro geyol\0repo 6ronrprx6 rq)\eox6nro, 6rop6rpou 63cm,
Op[oxeror fiov oorpovoptx6 oro0p6 flevr6)\4g, orqv A0r]vo. To geyd\0re-
po Koromptr6, 6ropr6rpou 1,2 m, oploreror orov ctfipovoprx6 mo0p6
Kpuovepiou, ornv opetvfl Koptv0io.

Kd0e r4l'eox6nro elvor oreyooy6vo oe xrrlpro ue neprorpeo6uevo ou-
vtlOrog 06Ao ge 0up[6o, nou rou eqqoool(Eer Kor npoorqo(o xqr 6uvor6rrlro
noporfrp4o4q npoq x60e o4peio rou oupovo0 (qf. 1.11).

1.3.5.3. Po6lor4leor6nn

To po6tor4Aeox6nro, nou ovonr010r1xov per6 ro 6e0repo noyx6qlo
n6l\epo, gog enrrp6nouv vo .nqgqrnpo0pe, rtq nny6q podroernoprnlq, ro
6td<popo 6nAq6n oupdvro odrpora nou exn6pnouv oKrrvo6ohio mqu r,Cp,o-



Xr1 rov po6toxupdrov ro.u rlAexrpoproyvrlrtxo0 edoporoq. Mi qurd ouyKev-
rpcirveror 11 oxrrvo6oAio og p(o xepo(o Kor perqrp6nerot oe 6rqeopd 6uvq-
prxo0 (onUo). To onUo,oQo0 evtoXugel xord)\]rq]ro, xoroypd<perot oe pi:
rotv[o Xopno0 (q(' 1 .12) rl oe Uoyvnrororv[o. Atoxplvovror on6 on6{reo,,
letroupyiog, oe xtvo0lrevo Kol, oe ox[vqro. To xrvo0pevo 6;1ouv o0orr1;r'
ornptqnq, ovd\oyo Ue rov orrrrxrbv, nou rouq entrp6ner vo xoreu00voVrrtr
oe xd0e orrlUeio rou oupovo0 xor vo nopoKolou0o0v ouveldlg rrlv nqvf; r-

ZXiya 1.12: ApXi r4q Aeroupyiaq ev6q pai\rctqAeoxonbu.

xtrvo6ohloq (cnd. 1.13o), evdl ro oxivrlro elvot oxA6vnro orepeog6vo rot no-
porqpo0v ;r6vo rrg nrly6q nou 6ploxovrot p6oo ornv neptolq nou xoA0met
11 xepolo roug (91. 1.136). To nto pey6)ro rtvrlr6 po6tor4Aeox6nto 61et 6t6-

lrerpo 100 m xor Bploxerot orn B6vvl (Aur. l-eppov(o)' ro nto peydAo oxi-
vrlro (nopo6oArr6) 6Xet 6rdperpo 305 m Kot Bploxetot oro l-l6pto Pixo (A-
pteprxrl).

l-ro v' ouEnoouv rq 6toxptrtx4 txov6r4ro rtov podtorrlAeoxon(ov, nou
e[vot grxprl, or pobroompov6por Xpnotgonoto0v po6tooup6oA6perpo, nou
onoreAo0vrqr on6 noAAd po6tor4)teox6nto tono0errlp6vo pto(i xot ouv6e-
6ep6vo rord 6ro<p6pouq q(npottopo0g. 'Erot elvot 6uvor6 vo ovtlve0oupe
orov oupov6 nr1y5g no)\0 prxpcirv dtoordoeolv. A6ytrl rrlg pey6Aqg euotoOq-
oioq e[6Nlou rtov po6rorrlAeoron[orv elvot Ouvorrl 11 oviXveuoq po6lon4'
y6v oe rep6cnteg onoordoetg, pr' onor6Aeopo vq "6h6noupe" nto porpud
Kor vo peyoA<bvet 6rot, xo0cilg A6pe, 11 orr(vo rou o0pnovroq nou noporn-
po0Ue.

1 .3.6. Tono9eoleq naparnpioeav

To preydho np66)rr1po oe xd0e orntxq qorpovoUtKr:1 nopon'1pr1or1 elvot r1
nopep6ohr'1 rrlg yr'1tvr1g orp6oqotpoq, nou enrlped(et onoQootortxd rrlv
nor6r4ro r1nv oorptKdrv et6drlolv xqt ouven6q rnv onoreAeoportx6Tnro rov
noporrlprloeotv. H <porervrl 66opq on6 6vov oor6po, xord rr1 6to6popf rrlg'
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(q)

(6)

ZXlpa 1.13: Ta peyaA0repa napasoAtxd pa6rcr4Aeoxon@ rou x6oltou:
a) xvqro (100 m) rqq B6vv49 (Aur. l-epyavia)
6) axivqro (305 m) rou l16pro P{xo (HflA}
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ono rnv e[oo66 rnq ornv orp6ogotpo g61pr ro eortor6 en[ne6o rou rq]re-
oxoniou, 6too1i(et o6pto orpdlpoto rov onolov 4 nurv6rrlto pero6d\]terot
on6 orlpeio oe orlprelo xot on6 ortYpn oe mrygrl. To onor6]reopo elvot to
ei6o)\o rou om6po vo UeToTon[(erot fio sortqK6 enlnedo rqrd orov6vtoro
rp6no y0po on6 Uio U6on 06orl, evdl nopdhAlho peto6dlhetor ouveltbg 11
hopnp6rqtd rou. To npdlro Qotv6pevo xqlelrot 6roropoltl Kot ro 6e0repo
onrv04prop6S. O onrvOrlprog6g e(vor opor6g Kqt Ue yupv6 Udtt (rpeg6o6n-

Uo rtov om6pov), nou nol(et ro p6]ro rou QoKo0 rou rr1]reoxon(ou, rot e(vot
yvom6g Ue rnv ovopooio otlASq. Kot lo 60o qotv6gevq e(vot 16oo nto 6v-
rovq 6oo nto peydlo e(vot ro iqAeox6nto.

Irlpepo, nporetp6vou vcl tyKorocnq0e[ 6vo r1]reor6nro, yivitqr enrlo-
yn rnq ronoOeolog 0orepo on6 6oxtpoortx6g ouyxptttx6g noporrlpfloetq Ue
er6rxd 6pyovo, 16oo peteolpoAoytxd 6oo rqt qfipovoptKd, oe 6td<popeq ro-
noOeo(eg. Or nopor4prloerg out6g 61ouv org oxon6 rov npoo6toptop6 rrlg
v6<pooqq, rou ov6pou, rnq uypoo(og, rqg Oepgorpoo(og xot t6toirepo rnq
mogep6rrlroq rnq Oeppoxpooloq xotd q 6rdpxeto rqg v01toq. EntnAfov,
e(erd(eror q 6ro<pdvetq rnq orp6oqorpoq Kot dllot nop6yovreg. Bootxd
novroq enr6rcilxerot q eyxordoroon proxpud on6 n6Aetg, Ylcr rnv onoquy{
rov Q6rov, xo0tilg Kot oe urlrl)\eg ronogeoieg 6nou 6vo.pey6)ro nooom6
rov clrpooQorprK6v 6toropoltitv ono<peUyerot.

1.4. H ,epapxia rou o0pnavroq

flprv neprypdrfou;re to dtdrpopo oupdvto orilgoro eivor sx6nrpo vo
6o0ge ouvomrxd notq E(vor ro orilporo qurd xqr noro 06o11 ror6louv mrlv
repopllo rou o0pnovrog.

Zotpe ndvol orq l-q, 6vo UrKpooKonrx6 nl,ovr1r4 -rov rplro xord oer-
pd- rou qhroxo0 goq ouorrluqroq (oX. 1.14), nou nepr<p6peror y0prrl on6
rov 'HAro oe prlo rpolrd q(e66v xud\rrrl, oxr(voq 150 exoroprpupitov lthto-
p6rpov neplnou. o flAo0rolvog, o 9os xor reAeuroioq yvoor6g nAovrlrqg rou
qAtcxo0 oumqproroq, xrvelrqr oe urcr rpo1r6 oxrlvog 6 6roexorogpupirov 1t-
Atopdrpcrlv nep(nou, npdypro nou o4poivrr ntoq 11 drdgerpoq rou qltoxo0
oumrlporog e[vor ro 6rd\doto. O xovnv6repoq npoq rov 'H]rro oor6pog, o
eyy0rorog Kevro0pou 6no4 l6yeror, on61er 4,3 6111 et,lroq xt qur6 orluo(-
ver 6n ro Qoq rou lperd(erqr 4,31p6vro yro vo <prdoer orn rn. Enerbn eivot
60oxoAo vo ouvetdqronotrloer rove(g ro peyeOog our6v rolv repdmrtov o-
nocrrdoeorv, 0o lpqorponorrlooupe ovohoytxd p(o nro evrunoorqKfl erx6vo:
ov e[ogouiroouue rov 'HAro p' 6vo noproxdAr, q l-r1 0o 61er ro pr6ye0og e-
v6g x6xxou dprpou xqt Qo 6p(oxeror oe on6qroon 1O m. o A(og, o peyoA0-
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(6)

ZXipa 1.14: a) llapdmao4 rou r1karo1 oumfiparog, 6) O ryirog nAavfit4; l-4 mo
6dmr7pa, 6nag earoypaq4lqxe an6 6nmqp6nAoo rou npoypdltpa-
roi .An6AAav..



repoq nAovrlqg rou qAroxo0 oumr!;rorog, 0o 6Xer ro U6ye0oq ev6q repo-
oro0 ror 0o Bploxerot oe on6aroo4 70 m. o fl)\o0rrrlvog 0o 6;1er ro U6Ve0oq
ev6g x6rxou dpprou xor 0q 6pioxeror oe on6qrqorl 400 m. o Kovrlv6repog
r6Aog omdpog, evq oIIo 6nlo6r| noprox6)rt, 8o 6ploxeror oe on6moorl e-
nrd <pop6g geyol0reprl on6 r4v on6oroon rnq leArlvrlg, nou eivor 384.000
km. H en6xrooq rrlg xhipoxog ourrlg rov qnoor6oetov p6oo cro o0pnov o-
6nVe( oe 0ovroorrx6g rr;.169.

l-lpdypon o 'HArog 6ev elvqr nopd 6voq pdAAov prxp6q om6pog rou l-o.
Ao[io pog, 1.uog repomroq ouyx6vrp@orlq oordpov (200 6toexoroprprup(<ov
neplnou) oeplov Kcu Kovropro0 nou ouyxporo0vrq] Ue 6uvdgerg 6op0rr1-
rqq o' 6vo lrilpo qoxoet6o0g olrlporoq (q(.1.15). H preyoh0reprl 6uloroorl
rou l-olo[[o elvor 100.000 6111 qor6q, rl 6e on6oroor,l rou qn6 6vo no]rO

ZXiUa 1.15: a) Zuv?enx4 ex6va rou l-aAaga pag (Amepooxone[o Lund).
8)'Evag an6 ra doexaroyytpn yaAa(ieq.

(6)
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EXlpa 1.16: H xAipaxa peye9dsv xat anoordoe@v oro o0pnav.

xovnv6 yoAo(io (rr1g Av6pop66og) elvqr 2 exoropp0pro 6111 rpor6g. Or yd-
tro[ieq nd)\r nou pnopo0pe vo nqpornprloouge onUepq mo o0pnov ov6p-
Xovrcu oe noAld 6roexorogp0pro (qX. 1.156) Kot o nro porprv6q on' ouro0g
on61et 10 6roexorciUU0pro 6rq <por6g.Iro q4qpro 1.16 divovror preprx6g Xo-
poKrnptorrr6g 6tomdoerq nou ouvovrdlvror p6oo mo o0pnov.

To epdlrqpq nou rlOeror rdlpo e(vor: nolg e[vot droveprl;r6vor or yoAo-
[ieg cro X6po, xr ov un6pXer 0Ar1 mo gero[0 rouq 6rdmr1po. Or Uepovo-
p6vor yoAo(ieg eivot )\ry6repor on6 ro 50% rou ouv6Aou. Or neprooorepor
ovtlxouv oe ouyKevrptiloerg, oe opfv4 yoAofrrirv 6nog )r6ge, nou e[vor 6u-
vqr6 vq nepdropr6ovouv UeprK6g 6exd6eg (oUddeq yoho(ulv) tog preprx6g 1r-
)rtddeg U6In (q(. 1.17).'Eror 11 Tonrxrl Op66o, orrlv onoio ovrlxer o l-qlo-
[iog pog xor o yoAo((og rrlg Av6popr66og, neprAop6qver 17 yvolmd 96A11.
To xovnv6repo oprrlvoq, nou Bploxeror fiov ooreprop6 rr19 flop06vou, ne-
pd\op6dver 2.500 yolo[ieg, evdl ro yryqvrroio oprlvoq nou Bp(oxerqr orov
omeptopr6 rou HpoxArll, nepilop6dvet preprx6g lrhrd6eg (qX. 1.176). Efgpepo
ntcne0eror ntog undpXouv Kor unepoprivq yolofrdlv, ouyxevrpciloerg 6qAo-
6ti ogqvdlv. Avopeoo re)\og crouq yo)\o[ieg undp;1er preooyo]tofroxrl 0Ar1
xqr qxnvoSoAlq.
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zxlua 1.17: Mrxp6 oltfivoq (oud6a) yaAa{ubv, endvu xar 4tfipa peydAou oltflvoug
yaAafubv xdru.
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