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Etocyoyr; o 'H1oq Kor qos o Me-rq8i6qoq rrlqpocpopiog xor eve pye roq o Mqxclvlx6s
ralqrrrdroels . I'rrl ylcbooo rq5 ev€pyeros o lrrl ytrcbooo rrls v€urovtKqq 6uvoptr(g
o Appovrrrl, oprei<orq ror etre60epq rotrdvrcooq o To qrrl6 erxpep6.g r E€ovoyrooFr€vrl
rotrdvrcoorl o Iuvrovrop6s o l6v0eorl ror ovdluoq'rotrovrdloe<ov . HlEKTpoFaYvq-
rlrr; raldvTootl o E{ovoyrcopr€vq qlertpo;royvq'rrrr; ro}dvtoroq. Iuvrovrop6g o
H yevireuoq rqg 6wotag <rcldvrooqD . H 6wotc orfpoo o To xriFro Kor ro
po0qtrrorrrd o E€io<ooq rOpo'ro5 o fevireuorl o To orpo8oox6rrto o 'Evvotes nou
reprypocpouv rc r6po'ro o K6pqrq elco'rrx6rqros Kqr r6poro qtrerrpo;.royvqrrrd o
O ,lXoS o flopoy<oyrl o Ard6oorl o Avixveuorl o 'YgoS ev6g rlXou o Arouorornro ev6g
rlxou o Xpord ev6g nxou o Yn6qlor o Yn6pqxor o Epr(lcvd rfpara e floll6pevo
qlerrpr16 6inolo o nopqytr>yq qlerrpoproyvqrrrco6 ne6iou o flopn6s ror 66.rrq5
epr(rovcirv ruprdrcov o lup6ol4 rov rupdrorv o IuH6ol4 rupo'rov o116 oripgcoveg
nqy6g o H qrioq rou qtor65 (A') o H oorporr6rcrrq 0ecopio o H xupol<( 0ecopio o
H oor;-ro'rr6rorq 0e<opio enrBdllerqr o (Dqrv6pevq oup6otrqg oro qcos o llepi0loon o
H p6oq rori gtor6g (B') o tgoS orcbvog . H KuporrKq Oe<opio ruproplei o 20oS
orcbvo5. To 6ilqppro o Tqldwrlroq ordorpou r6;rurog o Avdxlqoq o orv6por rnS
ovdxtrcxorl5 rou <potr65 . Korofirptrq ovdrtrooq xcr 6rdluorl o Ei6<olq qt6

ovdxloorl rou <gco-r65 o Avrtreipevq oro drretpo o H oPX4 TqS qvrlorp€rrrqg rropeiog
o Avdrtrqorl rcrrv xupdrov o Atd0loo4 o Or v6por rqg 6rd0looqg rou <pcrrr65 o
AeixrrlS 6rd0trooq5 o Ohr{ ovdrlooq o Orrrr6s ive5 o 11 opXq Huygens Kot ro
gorv6pevo n6rd0Aooq, o Enite8o 6iorrrpo o flldr<q pe nopd}lqle5 66pe5 o Ard$loorl
oe rrpiopa o To leur6 rpog ovol6eror o Q1 gaxoi o f,evrx6rnres o Euyxlivovres
goxoi o AnorAivowes qoKor o Mucorriq o Yrrrpu0pes Kqt ur€pldr6elq crrivcq o
Arrivcg X o Pa6rev6pyeru o Aup6va nopoDeiypar<r o Aptrtrrnpt6rrlrss .
EptorrloelS o AoKtio€t5 o Nroroup6wa.
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'HXoS Kqr qcrls

H xco8tovoxpouoi<r rou gu-rr65
po5 rrrrob6Xeror
oro {ov06 orpoOolooor

frovvqq Piroo5

Aorpdcpret ror Spovrd, I6er o lo6q ;raq rord rq Srdpxero prog rororyi6oq.
Xprlorporrorei, 6qtro6q, 66o 6rogoperrxo pqporo yto vo 6roXropiost percEu
rous rq 60o xuprortpa oqpara, ro (porsrv6 ror ro r11qrrx6, rrou pero6rBo'lo-
vtor o116 ro oorporretr6xr rrpog rrg oro0qoers pqs. Iro oriXo, 666oro, rrou
nopo06roupt, o rrorqrrlg ovoyvopi(er xdnoro ouyy6vero ovdpeoo mov q1o
K<rr ro qtos Kor prlcbvrog yro xro6<ovorpouoio srrr6i6er oro qrrrs pto
crouorr16rrlr-o. O lo69 xorovoei rov rrorrlrr16 oriXo nop6Ao rrou ouvqOi(er
vo 6torcpiver rq 66o Srorpoperrrd oq;roro. 36per rrcog, 6rcxv rr6rpret oorporrs-
tr€xt, ro 6vq o116 ouro qraver oro pcrrr (oorpofiroio) evcb ro irllo
ro0uorepei. Kqr ro 6uo orlparo nqyd(ouv cxrr6 ro qorporrelf,rr, pe'ro6i6o-
vrot p€.oo qtr,6 rov o6pcr, ollq eivcr 6togopertro. Or (Duorxoi 6Xouv
urrotroyioer orr ro oqpa rrou qrreuO6verqr orov opcpr6trqorpoer6q Xrrdtvcx rou
porro0 <ro{r6e6er> ple roX6rqro 300.000 }rtrropi1p1pv ro 6eurep6lerrro evdr 11
rol0rqrc rou rlxrlrrKotl oqporo5 rrou ovllve0ercr crrr6 ro rfprrcvo rou
qutrorj eivqr erorovra6eg Xrtrrd6eg gop€S prrrp6repq.340 rrepirrou p6rpa ro
6eurep6lerrro. 'Evog fiqpqrrlpqrrlg oe o116crrooq rpldlv Xrtrropr6rpcov qrr6 rov
repouv6 ovrrtro;,rBovrror ro etlls rrou errr6prercrr p6,oo o' 6vo erorovrdrclg

Xrfuoor6 rou 6e urepol€.rrrou evcir yro rq 6povrq rrpirrer vq 
- -clp6ver ew6q

rrepiuou Seurep6lerrro.

Merq6i6cxoq rrtrqpoqopic{S KCIr ev6pyerog
Kqr 6ev eivor p6vo o nXoS Kor ro <ptrlg. Mro peyolq norrrtriq poprpcilv

errrrorvrr)viog 16oo ovopeoo oe ovopcbrroug 6oo ror yevrr6repc ovdpeoo oe
66o orroro6qrore rpr;poro ro0 oriprrovroq trerroupyei p6oo o116 rrop6poro
oOqpOrOr.

Auo gilor Bpiorcovrer mrq otrf,vovrr 6X0eg prrog peydlqg lipvqq. O 6vog
qrr6 ouro65 qoparJer ror 6,1er evrorrioer rqv fipoooxq rou o' our6 rrou xqvet
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ereivrl rq orryp4. O dllog 6Xer q6r1 poyerpdrper Kor yro roug 6uo ror
npoorroOei vo pero6cbo€r orov srr6vovrl rqv rrl4po<popic 6rr <ro goyqr6
eivor €.rorpro>.

'Evog rp6nos yro vd ro Kqrocp€per e(vor vo rou g<lvo{er 6uvord q ox6trro
xolOrepo vo rou orpupi{er 6narg rdvouv o'rooncrvqEeq 6rov 06louv vo
errrxorv<ovrloouv otr6 peyolq orr6orooq.

'Evoq ollog rpon'o5 e ivcr vo erro{e uoer rpos rrrv srr6vowr 610rg 6vo 66trog
pe xordllqlo oqpeicopq fiou 0o rprooer xovro crro rpilo rou.

Mnopei or6po vo rr-erd{er oro vep6 6vo peyo}o 66roo}o, on6re q
errr<pdverc rrlg lipvqg 0o purr6ci-:osr o€ op6revrpouq roxloug rrou 0o
arrlcirvovror yro vo grcoouv Kor vo petoBrbdoouv pro ,,rqporpopio orov
or-r€vqvrr qftro rou. Av 6lernpoundp{er -.rpgcrrvio pero[f rous, o gfiog rrou
qrop€6sr 0o sroxcrr6rxorrolr;oer rqv ntrqpogopio, perogpo(ovrog 6rr ro
goyqr6 eivor 6.-ror,.ro.

Mrropei, 6F,-S, vq Xprlotuorrorrloer Kor ro <pcog. Av, l6you 1dprv, 6rq06rer
€vo rpox6, prrropei, ovo6oo6rlvovrog rovr vo errrrorvarv{o'r p€ rov rpitro rou.
8.6oro, orrlv €nox4 paS 6vc walky_talky (you6rr_r6::i) 0o pnopo'or vo
pero8r6doer rqv nlrlpogopic cx6po xohirep<r.

Ag ouyxpivoupe rcirpo rrg n6vre 6rocpoperrr6g popcpeg perd6ooqg rou
FrlvuFqros.

re ox6oq pre 6leg rrg crleg rr €rrKorvovio pe ro 66ro5 e pcp.rvi(er 6vo ororle(o
rrou rrlv 6rorpoporrorei orlpovrrrd. flpaypororroreirqr pe'p -rcrivqoq -ou6
rov ro;rno rrpos ro 66rrq- ev65 utrrxoo 0drporo5, rou 6irou5 6r11*6q rrou
exro{eOrqxe. re xoprro on6 rrq dlle5 neprrrrciloerg 6ev 6yrve xdrr ovdloyo.
\r6pc Kor orrrv rrepir'ro-lor; r4g rr6rpos fiou tneoe mr1 ripvrl Kor rrrs

t\
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npuri6oroeo rqv errrcpovero, 6€v 6lo6e XtopCI F€roKivrlo4 vepo0 rrpos rov
cro66xrq rou prlvrJporoq. 'Evo prrp6 {ulopoxr rou 0o'r0Xorve vq ettrrrtr6,er
oe xdnoro orlpeio rqq errrgdveroq 6ev 0o nopooup6rov fipos rrlv rore60uv-
oq rou 66114, otrlo onld 0o rrctrrv6popoOoe roror6pu<pCI FlpouFrEvo rqv
rivqorl pros y€rrovrrqq uyprlq rroo6rqroq. Aur6, 6r1tro6ri, rrou perqq6p0qre
r;rov 6vo oqpcx yro evepyorroiqoq rtov uyprilv rrooorqrcov rqg errrrpdv€toS o€
rqlovrcboelq xorox6pucpeq, 6vo oqpro nou ;rero660qre pdXpr rqv ovrinepo
oX0q xr 6yrve ovrrlqrrr6 qrr6 ro gilo rrou eile orpop;r6v4 rqv fipoooxq rou
otrtro6.

Alld rar ro qlqrrx6 oqpro rrou pero6o0qre p6oo on6 rov o6po 6ev
ouvo6erirqre otr6 peroxivqorl oepiorv rrooorr;rorv, 6rrog 0o prropo0oe,
iocog, vo urro06,oer rdrrorog rrou 6ev 6Xer pretrerrloa ro qXqrrxo cporv6pevo.
Kord rr1 pero6ooq rou oq;.rarog 6qproupyq0rlxov orov oepo nurvcirporo ror
cxporci:pora, pero8ol6g, 6r1tro6q,'orqv rieorl Kor orrlv rrurv6r4rd rou, ol
onoieg uro{i6erpov, p6xpr ro quri rou 66rrq. Mercgopd evSpyetag 6yrve, q
rrlqpogopio ;rero6o0qre, o o6pog €.rrcr{e ro p6}o rou 6ropeoou, otrho 6ev
perorrvr'1Oqxov o6preg rroo6rqre5 fipos rrlv rote60uvoq rou 66r'rq, 6rrcrrg,
yro rropo6uypq, oup6oiver 6rov rpuoder dvepog.

Irr5 6rio dlleg rreprrrrciroer5 16oo ro <porerv6 oqpo 6oo Kor ro r1tre rr-popo-
yvqrrr6 orlpo rqg ouoxeuq5 6.<prooe orov rrpoopro;r6 rou p€ rpopepq
'roX6rr1ro, prero6r6o(ovros rqv ntrqpocpopio Kor orroro6rluore prerccp6,po-
vroq ev€pyero.

'Evo o16;ro ororlelo eivor yra rrg r6ooeplg rreplnrciroerg rorv6. H pero6ooq
rou or1;rorog ouvo6e6rqre orro rdroreg pero8otr6g fiou rrqpouoroorqrov oe
opro;.r6veg r6r6r4reg rou ;r6oou 6ro6ooqg. To pqvupo ps rrlv tr6rpo rrpordle-
oe pero8ol65 orr;v rrvqT rrq xordoraoq rou v€pou r4g errrrpdverog. Kord rr1
6rd6ooq rou rrqpouoiqoqv Xpovrr€g pera6ol6g or rrp€5 ro)v KcrqK6pucp<ov
roXurqrcov rov u6oTtvcrrv rrooorrlrov rqs erncpaverog. To qXqrr16 oqpo
npordtreoe lpovr169 pero6otr6q o'nq rrp6g rrlg nieorlg rou o6po. To qtrexrpo-
poyvqrr16 oqpc rq5 ouoxeuqg ouvo6e0rqre o116 rrg lpovr169 pero8ol6g ev6q
qlerrpoproyvqrtxorj rre6iou evcb rqr-r rrop6;roro ouv66q Kor p€ ro cp<rrrerv6.
onpo, o6prpovo rouldXrorov pr rrl 0eclpio rou Maxwell.

No ouvorJ.riooup€. To xorvd ororleio rord rr; perd6oor'1 rcov reoodpcov
6rogoperrx<ilv oqprdtclv eivqr :

1. Ko06va o116 cxurd rc yeyov6ro lop8dver X6pa p6ocx oT16 pro
ouyxerprtrr6vq Xpovrxrl crllqtrouXio. l-lpoqyeiror rl €Krroprr4, errorolou0ei 11
perd6oorl xor 11 }r1r1.rr1.

exno;rnrl ) peraDooq + f{qq

Yndpler, 6qlo6(, ovrimorlo 6va5 rro;rn6q, 6vo p6oo 6rd6oo4g xor 6vog
6€rrqq ovrXveurrlg rou oqporog.

2. Kqr orrg t6,ooeprq rreprrrrciloerg pero8rBo.(*at otr6 rov rro;1116 rrpos ro
661111 rdnoro ouyK€Kprp6vq nlqpogopfq.
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J. Ksr orrg rt,ooeprg rreprrrrcboers rTopqrqpeiror perogopc ev6pyetog crr6
rov 'no;rrr6 fipos ro 66rrq.

4. Aev nopor4peiror perorivqoq ufuro6 ocbprorog qrr6'rov roprr6 fipos ro
6ir<rq oe ropio rrepirrrcoorl o116 rr5 r6ooeprg..

5. Kord tq ;rerd6oorl rtov oqpdrorv noporqpo6vror qAlor(bo€rs rcov
r6rorqrov rou p6oou 6rd6ooqg.
Kfporc. Ko0e oqpo, to orroio rcro rq perd6ooq rou fiopouord(er to
nopondvcrr yvcopioporq e ire ro XopCIKrqpi(oupe cog rripc, eire h6trre yr' our6
6rr pero6i6€ror pe rn pope{ rr jporoq.

T9 rcrjpc eivcr trio popqn riv4oq5 rqg 6InS rord rqv orroio 6ev
noporqpeiror prerorivqoq ev6g uhrori ocbprorog, 6111115 oup6oiver, yro
nopo6erypo, pe rrs or<oprioerg ev65 exrpepofs 4 pe rrs rrvqoer5 rrov
rller<rpovicov ;r6,oo orov ro0o6rxo ocolrlvo rqS rqle6pooqg. To 16roirepo
yvrbpro;ro rou KUl.roros ;.r6oo orqv 6ln (rpop6c) eivor 6rr ouvretreiror
pero<popo rrtrqpogopiqs Kqr ev6pyero5 -rrpos oprop€,vq roreOOuvoq Xopig ro
ouororrro rou uhro6 ngopdoo vo p€ToKrvo6vror fipos Trlv rorerjOuvoq
ourq. Eivor xorr oov pro q4pq yrq ovo6rcrpOpoon rqs ru66pvqoqg, q orro(o
(errvoer orro rqv AOqvo ror grover
rrotru ypqyopq ornv Kop6iroo Xopis
K0vev0 orro ro aro;.to rrou 'nqpov
p6pos orr l  5rd5oor1 rqq vo perorrvr lOel
o116 rqv opXrxq 06oq rou.

Aq 6orJpe, 6p-S, Kor rt 6rv eivql
r0pa. To vep6 rrou ro're6o(er 6.vo
norapr ;rerorp6pet nlqpogopio KOI
ev6pyero ollo q perocpopo currl 6ev
eler ro Xoporrqpo rrJ;rotog yrori o'
ourqv rqv rrepirrrooq ouvretrelror ;re-
rorcivqoq u6drrvqg pqlqS o116 rrq nr1-
y65 rrpog rrl ouyKeKprp6vq roreriOuv-
oq, xorr ovdtroyo, 6qlo6q, pe our6
rrou oupBoiver ror ps rqv err6{euoq
rou 66louq o116 rq pro 610q rrlg
Iipvqg orqv orr6.vovrr.

Avri0ero 11 ev6pyero ror 11 rrlqpocpo-
pio rqv onofo perc6r6o(er oro ouri
rou oKpoorq ro 6lolowo6lo ev6q ro-
vro€prou, rl gtovn proq loixrlg rpo-
you6iotprog, ro rtro{ov ev6g yrdrro Xr
q q oerpqvo ev65 voooKof. ts l0ro6, q
ev6pyero ror q nlqporpopic rrlv onoio
q Kooor6nrl prqs [dorepqg vriXro5
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pna|Ba(u or0 pdrro pos Kor ol
o6poror yrq ro ovOp<irrrrvo trrdrr oo16-
p€S or0 peydlo po8rorqleor6rrro, q
evepyero ror q nAqpo<pcpio fiou Fsro-
Bt4a(trar oro prrer6v opp6 rrlq rrotru-
rororriog ;roq o116 ro porprv6 errire-
vrpo ev65 oeropori rrou pqs ovoord-
ro)ot, q ev€pyero ror rrtrr;po<popio'nou
per<r6r6o(er oro poSto<pclrvr16 66.1111
prog xorroro5 nopn6g rqg EPT, ofior€-
loriv rporv6p€vc Kuporrrori Xaporr4-
pc onoreloriv p' otrlo troyro Fopq6s
xivqorlg r4g riltlg rTou rrpsyFororror-
o0vrqr F€ Frlx0vroy6 xupurrr6.

Kc0e xrj;ro cvrXve6eror ;re xordllq-
lo 66rrq-ovrlveurq 6trog eivor ro pr-
rp6cporvo, rl ecllroypCI<prxr1 rrtroxc, o
oeropoypdcpos Kor q ouoreuq rns rr l -
le6pcoqg. Auo r6rorou5 rrohlrrproug
ovrXveurrro6q p4Xovropo6q 6ru06-
ror.)v Kqr or cvOpcorror.  To porr yro ro
gorrervd xt iporo Kor ro ouri  yro ro
qlqrrrd r6poro -oe ouv6uoop6 pre
rous prlxovroproriq prero6l8ooqs orov
eyr6<polo- ovrXve0ouv xor roroypo-
gouv rrs ovriororleg ntrqporpopis5-
pqv6pcro rrou rpOdvouv qrr6 rov
u6€co, r6opo, orov orrolo xdOe dropo
(er. H 6poorl KCIr q oxoq 6ev e(vor p6vo
p6oo errr6iooqg otrIo ror 6pyovo rrot.r
ouverocp6pouv oro moXoop6 xqr rcrd

ouv6.nero orov eprrtrourropo rou ctopou rrou ouveX((eror corcpdr-r1ro o116
tqv rrp<brq p6po rrou or 6uo curfg oroOqor rq opXi(ouv vo lerroupyot iv.

l6roirepo ev6ro<p6pov rropouorcx(ouv ro Kupcxrc rrou rropoyovror o116
rrclprr6g rrepro6rx6g rrvqoerg. T6rorag popq{S eivsr ro qXqrrrd Kqr rcx
qlexrpopoyvqrrrd r0poro. nqy6S ourdrv rdrv xupdrorv eivor or trey6pevor
rqlqvrorr6.g, rroltro;revo, 6qtro6q, ouorqporq, rl oupfi€prgopd rcov orroicov

Xoporrqpi(eror srro pio oprop6vq nepio6o xar oproptvq ouXv6rqro. AtrAd
Kor or ovrXveurf.q ourcbv rtrrv ruprdrcrrv eivor etr(oqq ouorqporo, rc orroio
eivor 6uvor6v vo uno6lq0ofv oe rrolprr( rrepro6rx( rivqoq. O qXog rrlq

Xop64S prrcr5 xr0cpog rropdyerqr ou6 xorrorq nolprrrl trepro6rxrl rivrloq
(pqXovtrq rotrdvrcooq), 6ro6i6etor qtrtror<irvovrqs nepro6rrcd rqv rrieorl rol
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r4v rrurv6rrlrq rou o6po ror ovrXveferor, 6rru.rg 61oupe u€r, cn6 rov
rordtrtrqlo rclovrrrlrrl (rriprrovo) rrou 6ra06rer ro quri rou ovOpcirrou. To
po6tocpclvrrc6 x0po errr6p'neror rord rqv ,llexrprrq roAdvrcooq ev6g noltr6-
psvou 6rrr6lou, 6ro6i6erqr crlg rrepro6r-
ro pero6oM6pevo qlexrpopoyvqrr16
te6io rar ovr;yeOeror qtr6 rqv repoicr,
rov rordllqlo 6qIo611 qlexrpopcr-
yvqrr16 rolavrcrrr{ rrou 6ro06rer o
po6rorpovtr6q 6€xrr1q pog.

Iro rropordr<o pe rov 6po <r0pcr,
0o evvoorip€ ro (fi€pro6rro xri;ro>. fro
vo rorovoqooupr,  6prs, rr l  ouplr€pr-
qopd rou 0q Xperoorei npoqyoup6-
vcos vo ooXotrq0o6pe Fs rrl prel6rq rou
garvo;r6.vou (Tq^ovroorl,r. Oo ooxo-
lq0o6pe npdrro pe rq ley6prvr l  (pn-

lovrxqu rctrovruroq, rqv rratrprrn, 6n-
tro5q, rivrloq ev6q utrrrof orlpeiou, q
orroiq pnopei vo prelerqOei pe roug
veur<ovrro65 v6;rou5 rqq xivqoqg. Irq
ouv61e ta 0o pelerqooupe rrl ley6pevrl
o4trerrprrqu rotrowcroq, rqv er6rxr;,
6qAo6r1, ouprr€prqopd ev6g rllexrpr-
rori xurlcilporos fiou 6ropp6eror o116
evallooo6trrevo pe0trro. Kor orrg 6rio
rreprrrcboetq ro (qrqpc 0o ovrrperortrrmei rcor o116 rq oro'nrd rcrrv €vspy€to-
rcirv 6ro6rroorcirv. Oo errrorpore6ooup€ rqr 6vq opro;r6.vo povr6tro yro rdOe
rrepitrcrroq. Irtg prqXovr169 rolavrciroerg ro prov'r6tro 0q eivsr 6.vo elorqpro,
orqv drprl rou orroiou Bploreror fipooqpFroop6vo 6vo ocbpo rrou prropei vc
erretrei nolrv6po;.rrrq xivqoq Xcopis vo ouvreleiror evepyeraxrl uno8d0proq.
Irrg qlexrprr€g rclovrcboerg ro ;rovr6lo pog 0o e ivqr €vq rOrlorpo pe rrrlvio,
rrurvorq Kdr opretrq16o crl;rrxq ovriorooq, To orroio eivqr 6uvqr6 vo
6ropp6eror o116 evollqoo6p€vo pe6;.ra, Xtrrp(S enioqg vo oupBoiva €vspysro-
xq uno6d0proq.
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Mnxcvlrfg rqlqvrtiroerg
Iro povrftro fiou rreprypdgope ro ocbpo -po(oS m- Oe<opeircr <og utrrx6

oqtrreio, ro orroio prrope( vo rrveiror eu0Oypop;ro rqr rrqhv6poprrd rrovco oe
opr(6vrro errrrpdvero Xopis rpr66g. To orcOepdg oko elcr(pro eivar r6ovrr6,
npdy;ro rrou oqpoivet 6rr rord rrq ouorrerpcbo€rS Kdr rr5 errrprrlrrivoas rou
6ev noporrlpeiror uno6d0pron rn5 ev6pyerog. Irrl 06o11, mqv orroio ro

0
---- t - - - - -  t

lAl

%[n^r
elatqpro rropouoro(sr ro (puorK6 pr lxog rou, ro ouorqpo roopporrei .  Eivor

Fr<r roopporriq eumc04g rord rqv orroic -6nolg eivor yv<oor6- ro
ofm4po napouord(sr rqv eldporq 6uvcprrrl ev6pyero. 'Orqv ro orJorrlpo
reOe( oe notrrv6poprrq x(vqoq q 06oq ourrl (O) 0o tr6yeror 06oq roopporriog.
H exdorore 06o11 rou rrvo6pevou oc.bpcros tos rrpog 6vo ouyrerprp6vo
o6orq;ro o€6vov 0o prnope i vo rtpoo6ro pi(trar pe rq 6oqOero ev6g 6rov6opo-
rog 06o119 i,'ro onoio ro l6;-re xor <ono;rdKpuvoq). To 6rovuopo 0o 61er og
opXq rqv op1rl rcov o{6vcrrv Kor (l)S rr6po5 rqv eroorore 06oq rou xrv4ro6.
Eivat 6ofur6 vc oup<p<ovrlooupe vo Oe<,.rporipe 6rr n qpx4 rorv o(6vrov
ouprritrrer pre rq 06o11 roopporriog (O) ror 6rr o d{ovoq x oupnirrrst ps rnv
eu00ypc1.r1.rq rpold pe Oerrrq gopd -6ncog rpolveror Kor oro oXqprc- npoq
ro 6e{rd.

'Yorepo o116 ourqv rr1 0e6pqoq erirotro yiveror rorovoqr6 yro rqv
exdmore olye8prrq rrpq rq5 onoprdxpuvorlg (oe ox6on p€ rov d€ovo x) 6rr:

(i) eo eivar 0errrq 6rov ro oci-rpo 0o Bpioxeror 5e{rd ou6 rr1 06oq
roopporricg Kor spvrlrrKq 6rov Ocr Bpioxeror oprorepo o116 rq 06oq our( ror
oTr

(ii) ror' orr6lurq rrpq 0o oupnirrrer ps rrlv errrpqruvoq (q ouoneip<ooq)
nA/o rrou 0o epgavi(er ro elorrlpro ereivrl 14 orrypq, Oo eivor 5r1lo6q lA/l :
tx l .

Irq yA6ooc rqs evfpyercg. Mnopofpe vo oplioouFrs rn petr6rq pog
rrepryporpovrog rrl ouprrreprgopo rou ouorrlpcros orn yldrooo rns
ev€pyerog. Evepyororof pe ro o0orqpo xor aqrlvoupe ro ocb;ro vq erretr6oer
rqv opr(6vrro rrotrrvSpo;rrrrl rou rivqorl. Aev rrcpep6oivoupe, 5r1tro6q, rropo
pr6vo opXrrd, yeyov6g fiou XdpoKrqpi(zt rqv roldvroon tos nele60epr1o.

Ecp6oov oro povr6.lo rTou Xpnotpolroroupe 6e1rr1xope 611 6ev ouvreleirot
evepyerorq urro8d0prror;, 11 rroo6rrlro ev6pyercg (E) p€ rrlv orroio ro
rporpo6orqoope 0o 6rorqpeiror oro0epq . Eivor, 6'n<rlg tr€pre orq 0eppo6uvc-
prxq, 6vo xlerm6 o6or4po. To dOporopo Fr' dtrtro l6yro rqq rrvqrrrqg
evdpyerog rou oci:poros Kot rqq eloorrrqg 6uvoprrqg ev6pyerag rou elorq-



plou fiopo;l€ver oro0ep6 rol ioo pe rqv
ev€pyero E. Av lorrr6v oe xorroro ortyp4 n
rolOrqro rou ocitporog eivor D xor n
omopdrpuvoil rou i 0o roluer

t l rmtsz +1 l rkx2 : E : mo0ep6

- 
H e{iocooq ourq pog etrrrp6rrer vo Byd_

lou;.re srjrola oproprt,vo ouprnepdoporo.
c. Ko0rilg ro xrvrlr6 orropoxpriveror

o116 rq 06oq roopporriog ou{over 11 6uvo_
prxq rou ev6,pyero erg Bdpoq rqg rrvqrrrr lg
Kqt cpuorrg etrqrrcbveror ro p6rpo rqg
ro10'rqro5.

6. To orb;lo rcrveiror ovdpreoo oe 6rlo
arcpoieg 0f oe r5 orr5 onoieg r1 xrvqrl<11
ev6pyelo prq6evi(eror evc.b rour6lpovo p€_
yrororroreiror q 6uvopl<q ev6pyero. I rr5
60o our6g 06oelg (xr,x: l  roxuer :

l /  r  )  l , ,  r  -' i2kx1'-  ' i2kx2' :  E ) .X, t  :  'Xz'  :  y7Elk
Or 56o ouvencbq orpoieg 06oerg eivor

-ctls rrpos rrg 06oq roopponiog_ oupp€_
rplKss. H Oerrrq rroo6rqrc 1/Hk roo
tcprordver rq pdyrorq arr6mooq o116 rq
06oq roopponiog l6yeror nldrog rns ro_
ldvrotoqg ror oup6oli(eror pe <x11>.

o0p€.

rqg roX6rqrog
t l2mvr,2 : p
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rq5 e{io<rroqg t/2mu2+1l2kx2:E 
pe

6. H Xpovrrrl e{6fu{q r-ou cporvopr6vou

6
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rqv e{io<rror; opropori rrls rCIXurqro5. flpoxur-rrer eror q 6rogoprxq e[1ooor1

1* (  9t  ) t  + 1k^==E
2 'dt '  2

H truoq rqg eivor 11 ouvdprqoq onoprcrpuvoqq-lpovou

x:x,yqp(/kh t) (pe x,,:12E8)

mrlv orroio oS CIpxn rorv Xpovrrlv Oeorpq0qK€ n orryFq rrou ro rrvrlr6
6prox6rov mq 06oq roopponiog (x:0) rrvo6psvo rrpos ro 0err16 qpro[ova
(u>0).

Eivor prro ouvoprqorl  appovr14 rrcp6poro pe crure g rrou ouvovrqoope rcro
rq pel6rq rou evol lqooopEvou pe6porog. Aur6q eivqr rqr o l6yog yro rov
orroio r1 rolcivrcooq rrou ;retrercpe lapoxrrlpi(rror cos (opFlovrKrl).

To nptbro npdypo rrou pos ul6e u q oppovrxq ourr l  ouvoprqoq eivor orr ro
xrvrlr6 qvo ioq lpovrid 6raorqpraro u2rr/nvk, {ovc6pioxeror orqv i6ro
06o11. Aut6, o€ ouv6uoop6 pe ro yeyov6g orr xqrc rrg ovr iororXe5 orrypr€g ro
xrvr lr6 errovorrd Kqr rr lv roX6rqrcr rou, pos o6qyei oro ouprrfpoopo orr q
xivqorl rou eivsr nepro6rx4. Ko0evo qrr6 to ioo lpovrxo 6roorqporo
onotetrei rrli nepio6o (T) rqs uppovrrrlg xivqorlg. Mnoporlpre lorrr6v va
ypaqou;re T=2nVmlk Kor vq $6[t l r . lupe orr l  ouvdvrr lon rn Fopq{ x:x1;qp2nt/
T 11 rrlv x:x1;rlpr2rrvt 11 xcrr rrlv ox6po ouvqO6oreprl

urrlv orroio ro tl.l fioprorover (6n<rl5 Kqr orq evollcoo6prevo peupo) rq
Ieyopevq xuxhxrl oulv6rqro ro yrv6pevo 6qlo6t1 rrls ouxvorqroq (v) erri lov
opr0p6 2rr. lo;6e r cpuorxo cr.l=V-k/m. H 'noo6rqro -r6troq- (q)t) orror€l€irrl
rpooq rqg onopdrpuvoq5.

H ruXrirqra. H ouvuvrrlorl rrou pCIS r-rprypdrper rq lpovrxq e{fhlr1 rrlq
rcXrirrlroq prropei vq rrpoKurrtler og e{qg

t .
1K) ' t

U- _Xn-OUV-U)t r
ml

___.c.  k 7J? 
u:cr-rx,1ouV0)t '

K0 ETr€rbr l  
m:tr '

Evvoeircrr orr orrl ouvdprqoq rrou rrpox(rfiT€r, ro oripBolo uuu rroprorcver
rr lv olye6prrq rrpq rqg roX0rqroq 6qAo6r1 pro rrooorr l ro OeT rxr l  q oprrqrrxq
cvdloyo pe rq gop<r rou 6rov6oporos
rrls roxurrlrqs o€ ox6oq rrpos rov
o€ovo.

Iqpeitooq. Av Oelqooul.rr vo Oeorprl-
ooup€ cDS CIpx4 rov Xp6vov oXr rr1
crrryp4 rrou ovccp€po;re (x:0 u>0) ullc
xorrotq oltrq tuycicl Xpovrxrl orrypq 0o
rrp6rrer vc 6cbooupr€ ornv e{ioororl xivq-
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orls rrl popqn x:x11q;l(rr-)t*<p) orqv orroio ro (gD noprmover rqv opXrxq
qdorl, rqv rrpq 6qlo6( rqg cpoorlq rord rqv aplq rcov Xp6vov. I' ourq rrlv
rrepirrroroq q ouvdprrlorl rol6rqrog-1p6vou 0q 61er rn popqrl
u:oxooUv((l)t+9).

Ir4 yldrooa rns veurovrxrlg 6uvcprxqg. Ecpopp6(oupre r<bpc rq yvcoorq
veurcovrx( rrpoxrrxq mqv orroio fipcDroycllvrorei q 6.vvoro rrlg 66vopqg.
Iqpercirvou;r€ rrS .6uvdpe rg
fiou cjoKofvrqr oro ocilpo
rqr ouv6uo(oupe (o) rous
v6poug orous onoioug rrer-
OopXoriv pe (6) ro 6e6repo
v6po rqs xivr loqg K0r (y)
rous oproporig t<r;v preye06v
roXrirrlro ror errrtdluvoq.

H 6uvoprq rrou oorei'rqr
mo ocbpo orro ro -dllore
revrcop6vo Kor qltrore ou-
orre rpco;r6vo- elor(pro ei-
vqr Kor rl ouvroTopsvrl T(l)V
ooroup6vurv 6uvopeov. Av urro06ooupe r j rr  to F,o,u,x roprorovouv ovr i-
ororxo rr5 olye6prr6q rrp6q rrls ooKoupevrlg ourqq 6rivo;rqq, rrlq enrroXuv-
oqs rou orirporog, rqg rol6rrlrcs rou ocbporog Kor rrls onotrrorpuvorls Tou,
0a roX6er.

I0prpcovo ;re ro vopo rqg eloorrr6r4rog (Hooke) F:-kx.
I6pgcovo pe ' ro 6efrspo v€urcovr16 v6po rqg r ivqorlg F:mo.
liprpcovo p€ rous oproprorig rqs rGxurrlros Kqt 'rqg errrroluvoqg r-r:dx/dt

xot o:du/dt. [lporcrirrter q e{iocrroq m(du/clt)+kx:0 rl ouoio, oe ouv6uaop6
pe rnv e{ iocooq opropori  rr lg rol6rqros, pos obqyei os pro Erogoprxq
e{iooroq. H tr6or1 rq5 eivor q op;.rovrrq ouvdprqorl onopdrpuvoqg-Xp6vou
x:xorlpcot q i6rc 6qtro6q ouvdprqorl orqv orroiq ei1<rpe rorclq{er erpopp6(o-
vT0s rr lv evepyerorq rrpoxr-rrq.

H rcpirqru. H ouvdprqorl rrou pog 6iver rq Xpovrrr'1 et6h€n rqg r<rX0rqrog
propeivo npor6q;er qf i6 rqv e{ ioooq oplopo6 rns rqxurr l rog p6oo arr6 rq
poOqporrrq npo€q rr ls rropcycbyroqg

X: Xr rr l  U0)t  )
)  )  U=o)X1yoUV(r) t

dxl
'dt

H crrrrdXuvo4. Irq veurorvrrrl ykiooa Xprlotpofioreiror prcr rvvolG q onoio
rord rqv evepyeroxq .rreprypogrl  ' r 'ou gqtvoF€vou 6ev Xpnot i lorforq0rlre.  Eivor
q €vvclro nerrrtdxuvorl>. H e{ioolol rrou pcg 6(ver rq Xpovrrcq rqq e{6hlr1

EKTOZ NTO AYTA
TI AA/IO EXEIE

at4EAEEt Atto T0
OEgPlrt TQN .
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prropei vo npoxurller qrr6 ro ouv6uoop6 rou beuru;.ruu vopou rrlq rivrloqg pre
ro v6po rqg eloorrr6rqrog

F:mo

F: -kx

\ r - ' \

I> o:--L*!  +
Jm)

k,
_: (l)-

m

ct: -(D2x I

I  ) o:-o2xorlpot.
x:xe[f.l(r)t J

H 60vopq. Me 6ooq rCI rrponyo6pevo eOrolo oupnepoiverar 6rr q olye6prrq
rrprl rq5 ooxori;revrls oro orirpro (ouvrorop6vls) 6rivoprls Kor rl otrye8 rrl
rrp( rqg orro;rdrpuvorls fiou nopouoro(er ro ocirpc exeivq rrl or prl
oXeri(owor p€ rrlv eliocooq

F: -mor2x

H e{iooroq errppd(er 6rr q 6rivopq F €1er rrprl ovotroyn rrpos rqv onoprdxpuv-
oq KOr qopo ovriOerq o116 ourrlv. i.

To nldrog xar 4 nepio6o5 onorelo0v rq 6qorrd ororle io lour6rqros FlCIS
oppovrrq5 rotrdvrcr.loqg. Xperc(eror, iocog, ouvoqri(ovros vo errroqSrdvoupe
6rr orrlv ele60epq oppovr14 toldvr<rroq rqv orroio petrerope.

q) ro rrldrog roOopi(erqr o116 rqv noo6rqro evfpyerqs ps rqv onoio
rpo<po6orrlool-re ro orimqpo.

B) 11 nepio6os rns xivqoqg 61er rrpq ove{oprqrq qrr6 ro nldrog Kct rqv
ev6.pysro. H rrp(T r15 e{oproror ;r6vo o116 rq oroOepo rou elorqpiou ror rq
po(o rou ociporog. Av 6qlo6q rporpo6orqooups ;re preyctr6repq moo6rqro
ev6pyero5 ro o6otq;ro Kor ro ocpqooupe vo e xretrfoer elerl0epq rolovroroq 0o
6rq'rrro-rcrlOei peyolrjrepo rrtrdrog rotrdvrooqg otrtro q rrepio6oq 0o ropcper-
ver o;rercrBtrrlrn Kol iorl pe 2nyhlk. H oroOepq ourq rrepio6o5 orrorelei ;r'
ollcr tr6yro €va loporrrlprorr16 ororXefo rou ouyK€Kprp6vou rolovrcorq yr'
curo treyeror ror r6rorrepio6oq rou rqlsvrtorr;. To i6ro guorrd roXrjer Kor yro
rq ouXv6rqro rqs etre60epqg rotrdvrcooqg q orroio l6yeror l6roouXv6rqro
rou rclcvrtorrl.

Appovr K6S rqtrqvrc.boerg
Iro rrpoqyoO;revo ovo<pepOrlrop€ oro er6rr6 povr6lo ev6g odrporoq

(uArro6 oqpeiou) f ipoooppoop€vou oe r6qvr16 elorqpro ro orroio errelei  pro
euOuypopprl notrrv6poprxrl rivrloq rrovcrl oe opr(6vrro errrcpoverc X<rrpig
rpr6eg. Ag enrlerpqooups vo yevrre6ooupre. T6oo orq rp6oq 6oo xor mrq
ovOpcbrrrves KqrqoK€rr€q oulvo ouvovroSre ouor(prc'ro rl ouplrsprgopd rcov
orroiorv npoocyyi(er ro ;rovr6tro rrou pelerrloo;re. Ie ro06vo qrr6 ourd rq
ouorrlporo 6rorp(vou;.re 6vo orb;ro yro ro orroio urrdpXer rorrorcx 06,o11
euoroOorjg roopporriog Kot ot rrepirrra-loq rrou orropqxp6vercr o116 ourqv
errepBoiver ro rrepr8otrlov ror rou oorei Fro ouvrorcp6vq 6rivoprl €rrovo(po-



M41avrx6g ralawdroeq 365

pog. To o<irpo erretrei 6'ror pro rolovr<ooq. Au q 60vcpq enovogopo5
qrolouOei 6.vo v6trro nop6;roro pe ro v6po rqg 6uvopqs rou etrorqpiou q
roldvrcoo4 0q elvor opprovrxrl, npdypo rrou or1;.roiver 6rr r; ouvdprqorl
ototrrdrpuvoq5 Xp6vou 0o eivqr qprrovoer6q5.

Mro euOOypopprl rotrdvrc.oorl utrrro6 orlpeiou 0o l6yeror lorrr6v oppovrr[
tq6oov 4 ouvdpr4oq cnopdxpuvoqs Xp6vou 61er rr1 Fopgn

x=xorlp((')t+q)

Or npoiirroOfoerg. Ag 6o6pe 6pcog pe rdrroro oumqp6r4rc rrs orrorro6peveg
npo0rro06osrs yro vo TrpcyForonor40ei pro 16,roro rivqoq. mr1 yevrxq
rrepirrrtrro4.
1. Xpqorponorcbvrog rq ylcirooo rrls vrurclrvrrqg 6uvoprrrlq trrnopo6trre vo

no6pe 6rr yra vo fipoypororrorq0ei pro r6,rorou ei6oug rivqo4 rrpfrrer xcr
cpref 4 ooxoup6v4 (ouvrorcp6vq) 66vupr1 (i) vo 61er rrp4 avdloyq rrpos
r4v orropdKpuvoq rcr (ii) vq eivur 6rivcp4 erravagopdg, vo 61er 64la6q
gopd 6rcpr6g awiOerq rrpos rq gopd r4g onopdKpuvons. H ovoyroio
ror rrovq ourq ouvOqxq ergd(eror p€ rrlv e{io<ooq F:-Dx orqv orroic 11
ley6;revq oro0epd errovcgopdg <D> 0o eivor ioq ;.re ro yrv6;.revo mco2 rrlg
pd(oS 6rllo6rl rou rolcvTcorq err( ro rerpdy<lrvo rns xurtrrrqg ouXv6rq-
ro5. Irrlv er6rrq rrepinrcooq rrou pele'rrloope Btr€noupe 6rr q oroOepo
enovcrpopcg ouprrirrrer p€ rrl oroOepd rou elorqpiou. Irq yevrrq
rrepirrroroq q rrp4 rrlg e{aproror o'n6 opropl6vo ororleic rour6rqrcg rou
orirporog Kor rou rrepr6dltrovros Kol o116 ro ei6og rqg ;rero{rl roug
ollqlerri6pCIoqs. Av l6you ldptv o rctrqvrcorqq eivor ro orparpi6ro ev6g
qrrlou e rrpeporig q oroOepo errovocpopo5 e(oprorcr 6rrolg 0o Eotipe o116
ro 6opoq rou ogorpr6lou ror ro pqxoq rou errpe;ror i5.

2. MrroporJpe 6prrlg vo ovrrp€rorriooupe ro i6ro lqrqpo rqr qrr6 rq orornc
rrlg ev6pyeroq.

Iro ouyrerprp6vo ;rovr6tro trou pelerr1oofi€ <rls 6uvoprrq evt.pyero rou
oumrlporog Oe<.*lprloop€ rqv eloorrrq 6uvoprrrl evf.pyero rou elorqpiou.
Ag 6ofpe rr oupBoivsr orq yevrrcrl r-replrrrcr-ro4. 'Orsv o rctrovr<rrr(g
Bpioreror orq 06o11 roopponiog cr ivqroq, q roopponlo rou eivor,  66,6oro,
euoroOrlg ror -6rroq rd0e ocb;.rc rrou Bpiorsrot o€ r6.rorou ei6oug
roopponic -nopouoro(er rqv eldporq rrp4 Duva;rrxqg ev6pyerag. 'H
r6rorrep6rq'ro, rdlpo, rou opFovrxo6 rqtrovrrr-lrq 6yrerrot oro orr ov
Oetrrlooupe vo rrop6p8oupe cbore vo rov peroxrvqooupe o116 rq 06o11
roopporricg, ro urr6lorrro rrepr6dlAov 0o etrr6pooer trdv<rr rou oorcbvro5
6Xr ;rra orroro6rlrrore 66vcpq errovcrpopoq, cllo ;rro 6rjvo;rq srrovogo-
pd5 ovoloyrl rrpos rqv cno;roKpuvoq. F:-Dx. lro vo rreruloupe
ouverrcbg ourrl rq pretorivqorl 0o lperoore i vo qoro0pe 66vopr1 F =Dx vq
pero6r6o(oupe 6qtro6r1 ev€pyero ioq ;.re ro 6pyo ourqg rq5 6rjvopq5. To
€pyo our6 eivor ioo 1ttDx2l2. Me ro rrou Bpiorercr ouverrcbq ro ocbpro oe
pro r-u1oio 06oq (x) 0o 61er -ove{dprrlro qrr6 rqv rivrloq rou- ev6,pyero
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neprooorepq xcrro Dx212 s'rro oorl e i1e orq 0€or1 rrls toopponio5 rou. H
evtpyero our( 6e oXeri(eror H€ rrlv xivqorl rou qltrd p€ rrS ollrllenr6po-
oers rou opl.rovrro6 quro6 ralovrcorq pe ro nepr8qtr lov rou. Eivor p'  dl t ro
troyro ev6pyeta 6uvc1.uxr1. KdOe lorn6v dppovtKos rotrcvrcorqs rgooov
on61er rord lx on6 rr1 06oq roopponiog rou, 0o 6Xer 6uvoprrq ev6pyero
lJ=Dx2l2 os oxroq evvoeiror pe rq 06oq roopporiog rou.

loXuer o;rcrrg xor ro ovr iorpo<po. Ecpooov q 6uvoprrr l  ev€pyero ev6g
rolovr<orq eivqr ovotroyn fipo5 ro re'rpoycrlvo rnq orroporpuvoqq rou, q
xivrlorl rou 0o eivor crrlrl op;rovrxq rotrovrrooq.

AvoyroIo

Irq ylcboocr
Irq ytrci-rooo

oppovrxr lq rolcvrcoorlq

F: -Dx
g:|ux2

xor rrovr l  ouvOqrq onAq5

rr ls vrurovrxq 6uvo;rrxr lg
rqg ev6pyeroq

Apeicrrreg Kqt sle60eprs rqAovrcboerg
Einope 6tr  pro rcl ldvroroq 0o Xopoxrqpi(eror oppovrxq ecpt5oov r i  Xpovrrq

ouvdprqorl  rrou -npoo6ropi(er rr1 06oq rou Ktvr lro0 eivql  r lprrovoer6(9. O
rrpoo6roprop6q anlq uno6rl t rcbver su0uypopprr l  r ivr loq utr l ro0 oqpreiou.
Ynoplouv, 6nlo6n, ror rqtrovrciroerq rrou eivor oppovrr6q qtr trd 6ev eivor
ontr6q. H xfvrloq rrlv onoio rcve r prro pcryvqrrrrl Betr6vo ro0<i:q rrpooovoroli-
(eror p6oo oe oHoy€vEs proyvqrr16 rre6io eivqt -ytq;rrr<po nyrovlcrxo
rrtrdrr l  , -  pto qppovrrq rotrovro-roq, yrot i  qrro6errvr ierqr 6rr  q Xpovrrq
ouvoprqoq rr ls ycDVroKrlq orropdxpuvons eivor r lprrovoel6r lq.  H xivr loq,
opcDS, ourr l  eivr:r  pro f isprorpogrr4 xivr loq evog ocfporo5 pe ci l r  opelqr6eg
Ercorooerq xor tr6yeror orpogrrq oppovrxq rotrdvrcoorl  .

Mro rstrovroorl  0o Xopoxrr lpi(eror apeiotrr l  €gooov 11 ev6pyero rou
rolovrtr ;rq rcoro rq 6roprero rqq r ivqoqg 6rorqpei ' rar operc8trr l rq.

Mro rotrovroon, rdlo5, lopoxrr lpi(eror ele0Oepn rqooov ro cpyrro
orivr l ro ouornpo, rpogo6oroup€vo ror '  opXrlv evepyeroro, ocpqveror mr1
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ouv6Xe ro vo nofuv6popei Xop(5 otrtrq rropipBooq. feyov6q e rvor 6rr rotrovror-
'16.9 rrou vo exretroOv eAeri0epeq rol opeiatreg rotrovtdroerg 6ev urpiorovror. Ie
orroto6qrrore ele6Oepq rctrdvrcrloq q ev6.pyero'rou rolovro:rq ovorr6geuKTo
0o uno6o0pi(*ol, q pqXovrrrl evi,pyero 0o ;rercirvercrr ouveXcirs Kcrr rl
roAdvrcoorl 0o l6yeror gOivouoo.

'Evq orc6pro rrqpcx6sryplCI qppovtKoo
rqtrqvrcrlrrl. To orrl6 sKKpsp6S.

<Errpep6.5> eivor pro l6{q rqg roOoperiouoqs/ rrlv orrofq oulvd Xprlorpo-
rroroOpe or4v xo0qpeprvrl (coq. 'Orav 6ev Xpqorporroreirqr perorpoprrd, paq
rroporr€prrer oe rdTrorc.o6po rou Kpfp€ror.  Me ro i6ro oxpr86g oqporv6pe-
vo Xprlorporroro0v our6v rov 6po rcr or (Duorxoi. Irrl 6rxq roug <6rdtrerro> o
6pog cur6g urro6qldlver 611 6rov ro rpepoop€.vo orirpru eivol orcivqro
Bpioxeror oe euoro0rl roopporrio. Irq ouvqOq rrepirrrrooq xo'rd rqv orroiq ro
ocirpc errqpeo(eror p6vo* qrr6 ro ne6io 6opOrqroq, o itirog 6pog uno6rltrcirver
ror 6r-r ro Kpspoop6vo o<ilpo prrropei vo orp6cperor rrepi oro0ep6 opr(6vrro
d{ovo 6Xovtoq to r6vrpo 6dpou5 rou loprll6repo o116 qur6v. Ie rrepirrro-
on, T6^05, rrou ol6rlqPq q p,ilq rou sKKpspo6S $pioxerqt ouYKswpcopfvq
oro x6,vrpo Bopouq rou, To exxpep6q l6yeror o1116. Eivor cpovep6 6rr ro qrrl6
errpep6g eivqr rcr qur6 6va provrElo ro orroio p6oo on6 plo oprop6vrl
xorooreurl prroporipre vq rrpoosyyiooupe. 'Evo ogclpi6ro prxp4g** oxrivog

* Ewoeiror orr oro o0orqpcr qoxeirqr rcr 11 {iuvoyrl trrro ro orrlprypo, Xopig rnv ofloro 6e 0o proporioe ro
oci:po vo xp6pcror. Aev ooxrircrr,6po:9, 6rivopq on6 rdrroro qlexrprx6 (4 pcrlvqrr16) rre6io, pdoo oro orroio
0o pnopoOoe vc yiver q ordprlon.
** Eivor yvom6 6rr orr5 <Duorx69 Enror4peg or 6rdqopor rooorrxoi Xoporrrlpropoi, 6troq <prrp6qr,
<peydtro5o, "opelnr€os, Kor (oxr opelrlr€oq, 61ouv v6r1po p6vo oe qx6oq pe xdnorc noo6r4rc npos rqv
onoioyiveror or iyrpror l  l r4vnrpinrtr . ror l  yoqr l  oxr ivorouoqorpr6iouOeopei ' ror  prrpr l  oe o16o11 peroy(xoq
rou vriporo5, ev<ir 11 pd(o rou vqparo5 Oeoprircr cpelqr€o ouyxprvrlpevq npos rrl p6(c rou o<porpr6lotr
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KpepCIopsvo ofi6 rrlv
]p€rd8lnrou 01rors^€i

drpq ev6g vqparoq
prG rKdvof iorqrrxq

o;relrlr6og pq4oS ror prlxou5
npoo6yyroq rou ontroO rKKp€-

po05. To otrlo oxpo rou vq;.ro-
rog 6rorrlpeiror orivrlro, To
6tro oforqpo prropei v0 Gro)-
peiror oe xoror6pt,<po errirre6o.

Arorqpcilvrcrs TevroF€vo ro
viu0 onoporpOvoupe ro
ogorpi6ro ono rq 06oq roop-
pon(o5, npdypo nou oqpoi-
ver 6rt rpogo6ororipe evep-
yeroxd ro ofo'rqtrro. Agr'1vou-
ps ro ogorpi6ro etreriOepo,

or6re erroxolou0ei 11 orcbpqoq. H p6yrorq ycovio fiou oxt'lpori(etro vq;ro pe
rqv xorox6puqo ofiorele( ro trey6prevo rrlcrroq rrlq ordlpqoqg.

Iro rropororco errr6rdrKoup€ vo petrerqooups rq ouprrspt(popo rou qrrtro6
erxpepo6g yro prrpo -p6xpr rperg po[peg- n]arq orci lpqoqg. To (qrqpro 0o
ovrrprrofirorei rqr crr6 trq 66o yvcrror6s FoS oKofir69. H pio eivor q ororrro
rtrlv fiapq;-rorrrcbv 6ro6rxoorrirv Kor q ollq q oxorrrd rr15 Oeopqrrrq5
ene(epycoios rou.

flerpa;.ronr4 pel6rq. Ego6roo;r6vor pe 6vo Xpov6perpo trrnopoOtrre e6rotrq
vq 6rorrrordloouF€ 6rr q r(vqoq rou sKKp€po65 rropouotc(er rrepro6rx6rqro.
To exxpep6g erreleioe oro0ep6 Xp6vo ;rio ntrqpr1 orcirpr'1oq. O Xp6vog our65
eivor q rrepio6oq. Kor eivor XCIpoKrqptorrr<6 6rr mopd rqv ovon6g€uKrr1
evepyerorcq urro6o0prorl, rqv orro(q <rrpo516er> ror 11 opyq etrdrooq rou
rrld'roug or<i-rpqoq5, q rrepio6og rou sKKpsporjg rrcxpop6ver moOepq. Eivor q
6torrior<rroq rrlv orroio otipcpcovo ps rrlv nopc6oo4 6,xqve yro rrpdrrq gopd o
l-olrtroio5 noporqpcitvros rts orarprloerq ev6g nolu6}orou erxlqoiog ror
perpcbvro5 rqv nepio66 roug ps rous ocpuypotig.

Mrroporipe rdrpo vq npoxopqooutrre oro epdrrqpo nArr6 rr e(oprdror 4
nepio6og ev6g e rxpepous; >

l-lepio6og rar pd(o rou €KKpspofg. Arorqpdrvro5 ro i6ro p{roS vqporog
Kor Xprlot porror<irvro5 pr r rpd ogo r pi6 r o 6 rorpoperr xd;v 6opcirv 6rorrrmcbvo u p e
6rr q nepioEog ev6g orrtro6 erxpepo65 eivar ove{dprnrn on6 rq pd(c rou.

Ilepio6og rul pqxog rou €KKpsporlg. Merpaps ps psrpororviq ro pqrog rou
vqproro5 (pqxog rou €KKpsporiq) ror pe lpov6perpo rrlv ovriororlq rrep(o6o.
I'rr1 ouv6Xero cxtrld(oupe ro prqrog rou oKKprpo05 xor enovotrop8dvoupe rlg
perpqoerg xotoypocpovrqs ro orroretr6oporo oe nivor<q, E0xolo ouprrrepoi-
voup€ 6rt q a6{qon rou trrrlroug ouvendyeror ori[qoq rqg uepr66ou rou
exrpepo6q. H pero(ri roug, 6;r<oq, crX6oq 6ev e(vor ox6oq ovctroyiag. Ie pro
oXerrxrl fisrpqForrKq rrpoorrdOero nqpope ro orrorel6oprorq rrou rrepr6lo-
vTor oTov rroporarcrr fiivqro.

I
I
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tr{xoS (0 oe cm

nepio6o5 (T) oe s

rerpdyc,>vo rrep166ou 1T2) oe s2

f lopo ro brorpoperrxo 6o-
pos T(Dv ogqrprorov rd eK-
rpepq eivor ro6lpovcr

Tc rerpcryovo rtov neprobrov eivrrr (Dctvoprtvrr( evio;uoq rou
ovoloyo flpos r(r prr1r4 rcuv vq- Bopurrxof ne6iou pe 4le-
pcir t'rv. xtpopclvrlrrl

70

1,41

100

BO

1,79

3,20

90

1,91

3,65

100

2,00

4,00

'Orov Kdvqp€ rrl ypqqtK4 fiqpdoroorlT=f(/) rpdvrlre xoOopo 6rr rq rrood
6ev eivor qvdloyo. Irrl ypccprrrl, 6p-S, rrdpdoroorl T2=f(l) ro ypdqnpo
qrov eu0eio ypopp{. Aur6 oqporve 6rr ro rsrpdyovo rrls nepr66ou q'rov
qvd^oyo rrpos ro pnxoS rou €KKpspoOS 4 F'dllo h6yte-e++4 nep(o6og rou
€KKpspoOS rirov ovdtroyrl rpos rrlv rsrpoyovrK4 p[(o rou piKouq rou.

[epio6o. xr.' 'cpuflrf errndXuvoq. Ie rrerpdporo rorq ro ofioio

{0lo oi64pog 1ck6q
ioeg neplo6or



370 Tc xfpcru

6qproupyorivror (pqrvopevrr6q evro;6oer5 q e{oo0evio€ts rou nebiou 6opurq'
roq, Erorrrmcbveror 6rr 11 nepio6oq rou onloO errcpetrro0q efvol qvrtorp6qoS

ovdtroyq rrpos rqv r€rpoycrlvrK1; pils rqg Bopurrxqg ernrdluvons.

H 0rtopio. Av ro nlorog orcopqoecoq eivor prrp6repo orro tperg poipeq
pnopou;.re vcr 6elroupe 6rr ro 6rcyporp6prevo arr6 ro ult16 oq;.reio (orpotpi-

6ro) 16€o ouprrrirrrer p€ rrlv ovrforotlq Xop6n, q rcivrloq rous, ouv€,ficb5, e(vot
eu06ypoppq. Mn'opot ipe, err ioqg, vo otoEei{oupre 6rt  q eu06ypopprl  ourq
rivqoq e(vc{r rqt oppovrxrl tolovr<ooq.

Oeolpofpe 'rrg oororjp€vss oro ocparpi6lo 6uvd;rerq o€ pto ruXoio orrYpn
rqg rivqoqq, rcto rrlv orroia q ytrrvio
vr lporog Kor KoroKop0cpou eivar g.
Aureg sivqr ro 6opo5 m$ ror q 66vopq
N rrou qoxe i ro r€.vroprvo vr1;ro. Oeo-
poriprc 6vov dlovo ux> rciOero oro
vqpo (o orro(oq eivor oXe66v opr(6-
vrro5) Kor rov npooovcroli(oupe ps
0etrr6 np6oqpo roro rr; cpopd tqq
orroporpuvonq i ,  Avol6oupe ro 6o-
pos or 6rio xsOere5 ouvrorcboeg o116
rr5 orroleq q pio (F-) vo sxsr r-q 6reri-
Ouvoq rou o{ovcr x. Oq rcrX6er

F*= -mgrlFe.
Errerbq q yovio <p eivor prxpq toX0et

rlijq : sqq : xll. ()<t eivot ouverrcbg
F*: - (nig/i)x.

To opvqrrx6 rrpooqtrro pqs srnorl
poiver 6rr q F* eivcrr 6rivopq srrovcgo
paq. Av n'poo6{oupe, 6porg, Kor rrl\
ovaloyio rov olye8prxdlv rrpcbv F,
Kcxr x 0q ouprrepovou;re 6rr rKqvofior-
eiror q ouvOrlrq cxrrlq5 op;rovrrqq ro-
lovrcuoqq. E<p6oov oupr6oiver qur6 0o
roxu€r orip<prrlvo p€ rrl Oeolpio
F*:-rnrD2x. H rroo6rqramgll, 11 onoio
orro6eiXrrlxe 6rr crrorelei rr1 oroOepo
errovacpopos orrlv r-repirrrcrloq rou €K-
Kpspous 0o np6ner vo eivor iorl pe rrlv
rroo6rqro mco2, I ofioiq orrorelei rr1
ora0epd errcxvogopd5 <dOe orrlqg
oppovr xq g rolcivrcooqg.

Kc0tbg ro orporpitiro onopoxp[rvtrot crro rq geoq

roopporriog 4 rcrXdrqrc rou prrcirverot ror ou{over q

60vcpq rncvcgopd5.

F;
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) T:2v q

H e{iocrloq orrlv orroiq Korolnyoupe errr6e6olcirver rq ouprrcpooporo rtrlv
fi€rpcporrKcirv rrpoorroOercbv. H i6rq ourrl e{iooorl pnopei vq Xpqorpofiorrl-
Oeiyro vo pqs o6qy(oer p6oc o116 6ro6rxooieg prerprloeov oe 6vqv rKovorrorrl-
rrx6 unotroyrop6 rrlg Bopurrxqg enrrdluvorls. To [6ro, r€tro5, ro ontr6
errpep6g pnopei vq qnoretriou tva, perpqrq 1pr5vou.

E{avoyKCIop6vrl rqtrdvrrrlorl. Iuvrovtopos
'Evo5 orroretreoprorrrc6S rp6rroq ytq vc 6rorrlpeiror opeirorq q 'rolovrcrrorl

ev6q oumqpCIros eivol vu ro rpocpobororipe neploErrcr pe ev6pyero 6ror rbme
vc avcrrlrlpcbvoupe rr5 cncirtreteg.

'Orov 6vq rrqr6( Bpioxeror ot ptq
6rorqporJ;re oe oro0epo urgog'rrq crrc'-t-
pr loerg, lpera(eror or coOqoerg vo yivo-
vrcr rordtrlrl}a. Av, yro rropd6erypo,
q Erivopq rrou qororjpe 6ev 61er rr1
qopo rrlg peror6rnoqs, ro ouor€tre-
opo 0o eivor opvr lr t16. Arro6etrcv6erot
6rr ro rcol0tepo orror€treopro npoxti-
rrrer orqv or erre;r6doas pqq 61ouv pro
rordtrtrqtrq rrepro6tx6rqra. Ie nepi-
fiTo)orl , pofuoro, fiou or topep6doerg
pog ylvovr<rr pe oulv6rrlro ioq upog
rqv r6rooulv6rqro rou orr l lpo6pevou
ouorqporog, ro rr trdros rqs or6pq-
oq5 0o eivor ;r6yroto.

ro6vrq xor 06.troupre pe oOqo€.ts vc

Artvqpr l

pe Or'irxo cpyo

,lUV(rIrrl

P€ qpvrlrrKo r.pYo

Or rqAqv'rdro€rS rrou rrpqypcrrorroro0vrcrr pe -nepro6rr<i'1 erri6pooq e{corepr-
rcbv 6uvcxpeov XqpqKrqpl(ovrcr e{ovoyroop6veg. To o6orqpo rrou errr6pd
rrepro6rrd npoocpepovrog ev6.pyero l6yercxr Ereyeprqg. I' ouro6 rou ei6oug
rrg r<rvqoerg ro urroreipsvo or elavoyxoopr6vq ratrdvrcooq oforrlpo (rolo-
vr<oris) rrotrtreror pr prq ouXv6rqro, q orroic: (orq yevrrq rrepirrrcuoq) 6tv
e(vor q 16roouXvorqro rou, otrAd q ou1v6r4r-<r rou 6rey6p'rq. O 6rey6prqs p'
<xlla l6yrc, e'nr6dXtrer rq 5rxr1 rou ouXv6rnro orov rcrlovrotq. Tooo q
rr€rpopqrrKq epeuvo 6oo rqr q Oetrlpqrrr4 pqS SeiXvouv 6rr ro nlcrrog rqg
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rolovrooqg yiverar p6yrmo ecp6oov q ou1v6r4ro rou 6rey6prq ou;rrrirrrer+
p€ r4v r6roouXv6rqro rou rolovrorq

Ve€ = Vo

I ' ourrlv rqv rrepirrrooq l6pe 611 61outrre rpcrv6pevo ouvrovropo6.
Av ror o 6rey6prqg eivor 6vq noltr6pevo orjor4po pnoporipe vo no6;re 6rr 11

rxov6rqro pero8i6oorlg ev6pyerog s"r6 ro 6vo o6orqpo oro dllo e{oproror

(i) crr6 rq oX€oq rrou urrdpXer ovdpeoo orq oulv6rrlro rou 6teytprrl Kct rrlv
r6rooulv6rqrd rou rolovr<orr1 ror (ii) o116 ro ei6og rqg o6(eu{r15 rrou
urpimoror ovdpeoo oro 66o ouorqporo.

Av, loyou 1dprv, o 6reyfprrlq eivor uotrtr6pevq c6pro or{In Kqr o
tcrlovrorqg 6vo rrorqpr yudlrvo, prroporjpe vc e{ovoyroooupre ro rorXcbpo-
ro rou fiornprou oe rooo preydlou rrloroug rolovrcroq cbore vq cpOoooupe
oe oqpeio vo ro orrdooupe. Aur6 rrpoypororroreiror eg6oov q oulv6rrlro
rrlg noll6prevqq ofprog or4lnS nou 0q 6qproupyrlooups pr evo ;reyocpcovo
sivor i6ro 11 rrepirrou i6rcr pe 'rqv r6roouXv6rqro rou fiorqproO ollo rqr
erp6oov ro 60o ouorq;lorc Bpiorovror oe rordtrlqtrq or3(eu{q.

I6v0eoq Kor ovdluoq ro)v rqlcxvrciroe,o.rv
1. Ag Osopqooupe 6vq utrr16 oqpeio rrou exreAei rour6lpovq 6uo (orrtr65)

oppovlK€S rcrtrovrcboerq r-rovot orqv i6ro eu0eio rivqoq5. Me 6ooq rqv
opx{ rqs ove{oprrloios rtrlv rrvqoe<rrv ono6errvOe,ror 6rr cv or oulvorrlr€S
rotv 6rio rqtrovrcboec-ov e ivor ioeg, q ouv0erq xivrlo4 rou ulrro0 oqpre iou 0o
eivar (crrtr4) opprovrxq rolovrotorl rqg i6rog ouXv6rrlraq. Av 6pcr;q or

* Arrr6 6ev eivor oxpr665 Iup6civer p6vo rgooov

Mnopo6pre, opoq, yro loyouq onlonoiqoqq rotr
4 xivrloq rou ouvrovrm4 6ev ncpouoro(er orr6o6eorl.

(r1rr1poroq, vo Oeoprlooupe 6rr ro;6er ror yevrxo,



2.

MqXoux6g rqlowtioery 373

ouXv6rqreg tov 66o ouvtm<rrocirv rtvqoecrrv 6ev eivot ioeg q orivOerq
xivqoq 6e 0o eivor op;rovrrq rotrovroorl.

'Evo r6rqirepo 0ecr:pqrrx6 qtrld Kqt fipoKrrK6 ev6rorp6pov nopouord(e-
ror <rrqv nepi'nr<rror1 rrou n pio oulv6rrlro eivcr ox6pcto rrollonldoto rrls
dllns, orr6re npoxOrrrer nepro6rxr; rivr;oq ;re ouXv6rqro rrl plrp6repq
otr6'rrq 66o ouXv6rr;reg. Av ylo nopd6erypo 6vo ufu16 oqpe(o ouprpre'r61er
os 66o oppovrx6g rolovrciroerg oulvorqrov v Kdr2v q o0v0er4 xivrlo4 rou
0q eivqr nepro6rrq rotrdvrorq oulv6rqrog v. Av or ouxvorrlr€S rorv 6rio
xrvrloe<rrv eivor v xar 5v 11 o6v0erq rivqorl 0o eivor repro6rrrl rolovruloq pe
oulv6rqro v. Kdrr ovotroyo ro;6er Kor orrlv nepirrooq fiou or xrvqoerg
eivor rreproo6repeg o116 6rio. Korc rq o6v0eoq oo<rrv6qrrore cpprovrxcirv
rqtrqvrcboeov rnS i6rog 6re00uvorls rcrrv orroicrrv or oulv6rqreq 0o eivor v,
2v,2v,4v r . t rr . ,  q r ivr loq rrou rrporfrrrer 0o eivor err ioqg rrepro6rrq
rotrdvrcrroq oulv6rrlrog v.
Karo rqv npdrrq 6exoerio rou irepoopfvou or<irvo o l-otrtroq pc0rlporl169
Tean Batiste Fourier (Zov Mrrqrior Ooup16, 1768-18?n) qvrrorp6@ovros ro

noponovor oupn6poopo orr66er{e ;rro np6rooq q onoio rorou€rouor
rrlv opFovrxrl rolcvroiorl o€ Filo <rrep(orrrq> 06o11 ;16oo oro oovoho rotv
rrepto6rrcbv rqtrqvrciroe<ov. Arr6.6er{e 6rr nrdOe rrrpro6rr4 roldvr<rroq,
ouxv6rrFag v prropei va ovaluOei oe oerpd oppovrrdrv rclqvrdroeq)v or
ouxvorqre5 rov orroiurv 0q eivor orcpcra rrollorrlaoro rrls ouxv6r4rag
v>. (Oe<bp4pa Fourier).

16pgorvo pe our6 ro Oe<bpqpc or opprovrr6q rolovrcboe r5 orrorelo6v to
o6oprxo morle(o> ptos of iotq6qrrore nsprobrxqq -rotrrrvrr ,roqq.

Mrog peydlrlg rrorxrllog npoxrrr6q ecpoppoyiq 6ooi(ovror oro i6ro our6
Oecbpqpo. To pouor16 ouv0eodr(ep, yro rrcpd6ery;.ro, rdver orivOeoq qlcov
roro Fourier.
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Hlerrpo p qyvrlrr r<69 rcrlcrvtdroelg
To pov'r6tro poq e66 eivot 6vo rrirlorpo (Thomson) pe rruxvcrlrq xot nqvio

XCDpiS oprrrl ovrioroorl. Eivcr, roro ouv6rreto, 6vo r0rlco;rq oro orroio 6ev

- + I2Z.l

6rlproupyeiror rpotvoprevo Joule Kot q
ev6pyero 6ev uno6o0pi(eror. Ati(er vo 0u-
prq0o6ire 6rr o rpoprro;.rfvoq rrurvorr(q ono-
relei p1o orro0(rr1 €v€pY€tos qtrcrrprrorj
ne6iou cvcir ro peuporogopo nqvio pio
orroOqxq ev6pyerog poyvqrrxo6 ne6iou.

Evepyo'noto6pe ro ouorqHq gopti(ovro5
(qr,) rov nurvcorq (C). Tq orryprl ereivq ro
oriorqpo 6Xer ev6pye ra qq:l2C orroro;.rre up6-
vrl oro qlertprr6 rre6lo rou rrurvc,-lrq. O
rrurvux'qq opXi(er crSr6ocrlg vo ex<popri(eror.
H ev6pyerd rou etrortci-lv€rqt. To nrlvio (L)

6ropp6ercr o116 peupo (I) ,  npoypo nou
oqtrrolvet orr 6rlproupyeiror poyvrlrrx6 rre6io
oro orroio orro0qrerjeror ev6pyeto iorl pe
LI7l2. Egooov 6e10qrcp€ orr 6ev noporq-
pei ' rar uno8o0pron, r l  tv€py€to rou ouorn-
poros 6rorqpeiror oroOepq. H 6rorr lpr loq
prropei vo sKgpoorei pe rqv e{iocllorl

E-

t22.3
, : - - l
)- E:I

i - l i l r i i  i
€ \ifl-/

=r

'Orov o rruxvorqs €Kgoprrorei, otrq q
ev6pyero qlerrpr<ou rre6fou 6,Xer perorporrei
os svepyerG poyvqrrrou ne6iou LI( , : i2.  Tn
orrypq exeivq ro peripo rropouord(er rq
peyrorr l  ' rpq rcr roX0er

lC=1qt*1, ,2
2C 2C 2--

I r t . .z=lU
2- '"  2 c

Ecp' 6oov 6polq ro peripo eivor lpovlxo peroBoll6pevo, 6q;rroupyeirol Kol
gorv6pevo qurefioycrlyqg. Irqv err6pevq 6qlo6q rpdoq ro rrqvlo ]erroupyef

<r-r5 Einolo-yevvqtpro ror opli(er vo rpopri(er rrdll rov rruKvcrrrq. H ctroto-
preupfvq oro nr lv io evipyero ps rn Fopq4 ev€pyerog poYvrlrrKou rre6iou
pe-rorp6ner0t oE evfpyero qtrerrprro6 rre6iou fiou ofioTopte0erot otov

nuxvrr.lrq. To pe6po gopri(er rov fiuKvo)rq pre ovriQerq 'rcilpc rrotrrrorqro.

Koro rq orrypq arpr8cirq fiou rl evrlpyero ;royvqrrrcoO rrs6(ou eXer titrq
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e{ovrtrqOe(, orov fiuKvorq 6.Xer qfiorcrprrurai ro p6yroro rrls evd.pyeroq
rltrerrprxo6 rre6iou. Oo errorolou0rloer guorxo v6,a exg66lrrorl rou rrurvorrl

;re cru{ov6;revo pe0po cvriOerq5 qopds o116 rqv rrporlyouptvq n-ou 0o
6qproupyei poyvqrtKo ne6io mo rqvio oro onoio xor 0q orro0rlre6eror
evfpyero. To pe6po qur6 orroxrd rq pfyrolq rtpq rou xord rrl orryprl rou o
rrurvcorqg 6,Xer rrro €K(poprtorei. 4116 rq orryprq ereivq ro rrrlvio 0cr opXioer
rqr rroh vo rpo<po6orei evepyeroxq rov rruxvcorrl Kot vo rov <popri(€t ps rrlv
oplxq nofux6rqro. H rp6plon rou rruxvorrrl oloxlqprbv€rcl rrl orryprl
crprGcilg fiou ro psupo prq6evi(eror Kor ro poyvqrrr6 ne6io rou rrqviou 61er
rrdq,rer vrr uglcrro'ror. O rfxlog ou;rrrlrlpdr0qxe xcr 0a errovclrl<pOei orrlv
i6ru crpr8drq Xpovlrq 6rcpraa p€ rov npoqyoripevo. To rporv6pevo eival
rrepro6rx6. H opror6rqrd rou ps rq ;rqXovrrq op;rovrrrl rolovrolorl eivor
ep<povqg. Ie rceivr1 rqv trep(rrr<ooq eiXoprc nepro6rrq pre'rorponq rq5 6uvopr-
rcqg ev6pyeros ot rrvq'rrxr1 . Tcbpc 6Xoupe rrcpro6rrq rrdtrr perorporrq rq5
ev6pyerog qlsrrprro6 rre6iou oe ev€pyero ;royvqrrro0 rre6iou. Tn gorv6pevo
tr6yeror rllerrpo;rcyv4rrxq raldworoq.

Iriprpcrlvo ;re ro 6e0repo xov6vo Kirchhoff ro d0poro;rq rrov rdoecov xord

F{xoS rou rtrcrorori xurldrporog (xor oe xd0e Xpovrxrl orryprl) 0o eivor ioo
npog pq5ev. Av rrpoo06.oou;re trorn6v rqv rooq orous orrtrropo6g rou
rrurv<orq Kqr rrlv oursfioycDyrrq rdoq rou rrqviou ro d0pclropd roug Ocx elvor
ioo npo5 pq66v

9*LdI:o
Cdr

I6prp<ova 6;ro9 xcr Fr rov oprop6 rqg 6vrcoqg periporog roljer

I :  
oQ

dt

O ouv6uaopr6q rtrrv 6rio r{rodlortov fros 6iver ;lro 6rorpoprrq e{ioroorl 11
hioq tqg orroioq eivor 11 ouvdprrloq goprfou-Xp6vou

9:9oQP

H noo6rqra IlflC qrroreleirqv rurlrxq ouxvorrlro (crr) rou nepro6tro6
quro6 rporvop6vou, ro yrvdpevo 6qlc6q rqq ouXv6rqrog errirov opr0;-r6 2rr.

Mrropo6;re lorrr6v vo ypdgoup€ Kqr g:goqp@t ohlo rqt q:)nv:ln/l:l l

vre )
T = 2IVLC

H rroo6rqra2rl/18 pog 6iver rqv rrepio6o rq5 rltrexrpopcyvqrrrrlg rotrqvrco-
oqg q orroio eivcr totrdvrcrloq etreO0€prl Kor opeico'rq. H i6rcx trorrr6v troo614ro
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orroretrei Kqr rrlv r6rorrepio6o rou ruxArbpqros. H Xpovrxq ouvoprrloq rou
periporog rpoo6ropi(eror o116 ro ouv6uqop6 rnS e{iooorlg g:9olp<rlt pe rrlv
e[io<rror1 Trou exrppo(et rq 6rorrjpqoq rq5 ev6pyercS.

1 qo'  1 q '  1 -- .
zi=Ti+rLr' I .
q=qonpr, J 

) I:toq6ouv<rrt

H i6rq ouvdprrloq trpox0trrer xor qrr6 ro ouv6uqop6 rns g:gorlFot Kqr rrls
e{io<rloqg oprotrro0 rqg 6vroo4g pe6porog p6oa 6poq otr6 rq poOqporrrq
npd€q rrl5 rrqpdytiryro4q

g:ggrlpot 
)

,_dq )  ) l :<oqsoUVot
^-dt  )

A€i(er rov x6rro rrprv rrpoxopr;oou;re vo ovrrfiopoO6ooupe rc ovrimorXc
pey60q Kqr rrs ovriororleg e{ro6oerg rrou rrsprypdcpouv rrl prlxqvrKq xor rrlv
qlexrpopoyvqrrrq roldvroroq.

M41ovrrr1 roldwt'ro4 Hlerrpopoyv4nxq rcldwroorl
onopdxpuvo4 x:xgrlpot 4lexrprr6 <poprio g:eolFot
ro16111ro u:(DX6ouVo)t rllerrprr6 peOpo [:coqsouvcot

Fd(o m erroyoyrr6rrpo L
otoOepo ovrimpo<po
errovo<popog D Xropqrrx6r4roq IIC

xrvqrrxq ev6pyerc *.rt ev6pyero
poyvrlrrxof ne6iou ]LI2

6uvoprxq ev€pyero Dxzl, ev6pyerc
qlexrprxoO ne6iou q2l2C

nepio6og T:2nt/n'iD repio6og T:Zn1/E

Ilcpcyroyrl a;reioqg qlerrpopoyvqrrx{g rcldvrooqg.'Olo ouro 6;rcug
rolOouv yro 6vo rOrtrolpo-powElo ro orroio 6ev prropei vo urrdp€er orrlv
fipCIyporlK6rqro. Kord 14 lerroupyio ev6q npoyporrxo0 xurlcbporog q

€v€pyaoKrl urroSo0proq 0c ouvretremei ovo-
rr6<peuxro. To opXr16 <trldrog> rou peOporog
ouveldrg 0o etrorrcirvercr. l-tc vo ro 6torr1prl-
ooupr€ oro0ep6 0o rrp6rrer vo ouvrqpoOpre
evepyerord ro 16rtror;ro. Oo np6ner 6qtro6r1 vo
rrpoogrpo u;re p uO;.r r xd r6oq o xp r Brirg evipyer a
6oq (tr6yco rporvop6vou Joule) urro8o0;ri(eror.

Me p(c xordtrlqlq rllexrpovrrrl 6rdro[r1 ;rnopoOtrre vq ro rrerriXou;re. H
qtrerrpopoyvrprrxrl our4 roldwroo4 0q eivor opeicorq qI d 6e 0q e(vot
B66qro ele00ep11.
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E{cvayroopfvq qlerrpoyqyvqrtKrl roldworoq. Euwovrop6g. Aq uno06-
ooupe 611 6loupre 66o xurlcbporo Thomson (L1 ,C1 rolL2,C2) rrou Bpiorovrcrt
oE errqytrryrrq oO(eu{r1. Iro 6,vq on6 ourd oupr8oiver opeiorrq (ouvrqpo6pe-

vq) qtrexrpopoyvrlrrrrl raldvrcrro4 pre nepio6o Tr2tr{TL{1. To xOrtr<o1-rc
6ropp6eror srro evolooo6pevo peOpo ouXvorqtog v-t:112rr\f-L!1 ro ofio(o
6qproupyei FoyvnlKo ne6io op;rovrrd trrero8otrtropsvo Lrs rqv i6ro ouXv6-
TrlTo.

M6oo mo pe,o8otrl6pevo our6 poyvrlrrr6 ne6io Bpioreror ro'nr;vio rou
6erirepou rurctrcirproro5, p€ ofior6leopo vo erroyerar o' qur6 evotrlaoo6prevq
rooq rqg i6rog ouXv6rrlros. Kor' our6v rov rp6rro ro 6e6repo rrjrlcopo
6reyeipercr ror errelei e{ovcyxoop6vq q}exrpopCIyvrlrrKrl roldvrrooq n
orroio ovrXve6ercr on6 rq rpolroBolio ev65 lotrrrrrqpo rrou urrdpler oro
xtixlto;-ro.

Mrropo0pe e,6rb vo rroporqpqooups KGt rdrr ovdtroyo ps qur6 rrou
oupBoiver rord rqv efovoyroop6vq upqXovrxrl,i r-oldvroorl . H <poro8otrio
rou trc;lnrqpo e(vor 16oo rrro fvrovrl 6oo prrp6repq eivor 4 6rocpopd rqg
oulv6rqroq rou 6rey6prq on6 r-qv r6roouXv6rqro rou ouvrovrmq. Av
prdtrro'ro ro 6eurepo rcrJxtror;ro 6rq06rer pe'ro6trqr6 fiuKvtoT{, eivol 6uvqr6v

;.rero6dtrIovros rq Xolpqrrr6rrlrc rou, prero6dtrlovro5 6qlc6q rrlv 16roou-

1v6rqro rou 6e6repou quro6 rurAr,rl-rc-rrog, vo rr€r6xoups ouvrovrol,ro.
Ko0cbg n rrp4 rqg r6rooulv6rqrog npooeyyi(er rqv rrprl rqg ouXv6rqros rou
6rey6prq, q cpcrlroBotrio rou troptrrqpo yiveror 6tro ror rrro Evrovq, yeyov6g ro
orroio perogpo(oup€ tos o6{qor1 rou nloroug rqg rotrcvroorls. Av or 6rjo
oulv6rrlreg e{rocu0oriv o 6reyfprqq e,rre}eirotrovrcoorl ;re ro p6yroro rrtroroq
npdypo rrou 6rorrrorcbveror o116 14 6vraoq rq5 cproro6oliog rou }o;rnrqpo-
ovrlveuTq. I' ourq rqv rrepinrooq l6pe 6rr pero{O r<rrv 6rio rurlcopdrcov
ucpiororor ouvrovro;r6q.

'Evq 16roro ouvrovlop6 errr6rcirroupe xoOcirg yupi(oupe ro xorotrlqtro
xouprri rou po6rorpcovrroO 66rrq po5 r{dlvovroq ytq ro oro0p6 nou
06loupe. Me rqv rivrloq rrou rcdvoupe pero6dltrou;.re rrl XropqrtK6rrlro
xorrotou fiuKVor{, peroBotrtroupe 611lo6q rqv r8roouXv6rqro ev6g ouyrexpr-
p6vou rurlcirporog.

H ysviKsuoq rqs 6vvorog (Tqldvrcrroq)
Avcrpep0rlrqHe o€ rolovrdroerg pqXovr165 Kor o€ rolovrcboerq qlerrpopo-

yvqrrr65. Aro6el6pevor rcirpo prc yevireuorl, fiou 61er errrrporqoer, 0a

Xprloruorroro0ps rov 6po nroldvroorlD yro rdOe rotrrx6 gorv6prevo rqrd ro
onoio or rSr6rqreg rou p€oou nopouord(ouv XpovrK( nepro6rrri p€rq8oln.
A6yovrog l6you Xoprv q rotrow-rrrorl pros o6prag o{}nS 0c evvoo6;.re rqv
rreproErrq peroBolrl rr15 nieorlg rqg o6prcg or4lnS. H rrepro6rxq pera8otrtl
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fiou fiopouao,(u q 6vrooq rou qlerrprro6 nebiou or €vo oprop6vo oqpeio
rou lcirpou 0q qrroretrel enioqg prcx roldvr<loq.

To gorv6psvo p€ rq orrois 0q Korofiroororlpe ap6ocr.lq rropororo
6qprroupyo0vror qrr6 rdrrora rclovroloq Kor p6oo crr6 xdrroro oltrq
raldvrolor1 ovrlvefovrur. l-J 6rd6ooq 16Ao5'rr1g rcrlovrooqq on6 rov rropu6
(rrrlyq) npos rov 66xrq (ovrlveurq) 0o y(veror p€ rrl popqq r6pcroq.

Av q rcrtrovrurorl yiveror xoOera orrl 6re60uvol rrls 6to6ooqg rqq, ro x6po

lcrporrqpi(€ror cDS eyxdporo. Av rrdlr 4 6re60uvoq 6rd6ooqq ouprrrirrrer ps rr1

A.,T,tHI([. [KY M A T IA,II , IREII< V N A AIAAflKAKY M 
^

irTecrro *4r4 
, r*6tsr6

ErR,Pato*"ro 

"r*N?co

6reri0uvoq rqg rotrdvroons -urrcug oup8oiver rqrd rq 6rd6ooq rou qlou
orov o6,po- ro KUpo loporrqpf(€rqr rrts 6rdpqreg.

H 6vvoltr (KfFcrD
Oo {ercrv(ooups Kqr rrqtrr srr6 6vo povr6.lo. Aur6 0a eivqr ro ypapprx6

leyopevo rfpo, ro xripa 6rllo6rl rrou 6ro6i6eror xcrrc prio p6vo 6re60uvoq. To
povrelo pos fipoo€yy((eror ;re 6vo revrop6vo ororv(. Ag uro06ooupe 6rr ro
6.vo drpo rou oKorvrof eivor orepe<op6,vo oroOepd. Kporrirvrcq ro dltro drpo

Fs ro X6pr poq ro ovoyxd(oupe vo erretr6o€r plo rotrovrooq oprop6vq5
ouXv6rqrog xoOero crq 6re6-
0uvoq rou oKorvro6. f loporr l -
poups 6r-r q 6ro'ropoXrl pero-
6i6eror ror-d pqrcog rou oKor-
vroO pe oprop6vq roX6rqrc.
To ororvi otroretrei ro p6,oo
6rd6ooqg. To r6po eivot
eyxoporo.

To <pcrv6pevo oro Xp6vo. H
roldwtooq. Av ouyrcevrpcir-
ooupr rrlv npoooxq po5 oe
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6vo ;rovo oq;reio rou Xropou rroporo.\ouOorvrog rtlv (rrsplrrereta, rou psoo
mov 1p6vo, 0o 6rorrrordlooupe 6rr erre,\ei ralovrcoorl pe oulv6rqro ioq
fipos rrl oulv6rqro rns finyr1s. H ouXv6rrlro ourq q onoio eivol retrrxd rorvrl
yro otro ro oqpeio rou ;r6oou 6rd6ooqq lfyeror rot ou;g6rqro rou xtiparoq.

'Evo or6po ororXe(o o{ i-  I  I  U E V U]nUlE X X,. .XIWW&
(et vo rovtmei. H rolovro- 0
on rou ruloiou oq;reiou
rrou petreropre 6Xer t4v i6ro
popg4 ps rnv rolov'raroq
rrls fiqyqs. Av, yro nopcr-
6erypo, rcrorp6poupe v0
e{ovoyrdooupe ro orpo
Tou orotvrori v0 e rretrei
orrlq oppovrxq rotrcvrco-
ol, rl tolovroroq rou ru-

loiou ourou oqpreiou
-6po KGr xd0e oqpeiov
Tou oXorvro6- 0a civcrr
orrtrq oppovrrq.

To gorv6pevo oro Xtbpo.
To rr ipc. H 6rotopolq 6ro-
6i6erar pe pic opro;.r6vq ro-

Xurrlro rl rrpr-l rq5 orofog
e{,oprcrar o116 rrg r6r6rrlreg rou oKorvrou. To ouyxexprpr€.vo 6q}cx6q oxotvi
<enrBdl ler> orq 6roropoXrl  ; rra oprop6vq rol t i rqro n rrF4 rqg orroiog 6ev
e{oproror o116 rr1 ouXv6rqro, yro rropo6erypo, r45 6roropoXqg oltro otr6
rrq elomrr6q ror o6prrverox6g r6rorqreq rou.

A€i(et e6cr-r vo npoo6(ou;r€ orl n roxurqrq 6ro6ooqg rou r0poro5 6ev eivor
rolirq'ro ev65 ufuroO oqpeiou, n rrp4 rq5 6p<lg npoo6ropi(€,Tor ps rqv i6ro
orprGcfg loyrrq. Av ro etrqorrxo p6oo rropouord(er rord pra oprop6vrl
6rerl0uvoq rrg i6re5 r6r6rqreg, 11 roX0rrlra Srd6ooqg roru rq 6reu0uvoq our4
0o unotroyi(eror crn6 6vo nqliro pe oprOpr1r4 rqv otr6mqoq orqv onoio
pero660qre I 6roropcXrl oe opro;r€vq Xpovrxrl 6rdpxera Kql rrqpovopcor4 rrl

Xpovrxq ourq 6r<iprero.
H orr6srooq orrlv on'oiq 6ro6i6eror q 6roropcpl oe Xp6vo proq rrepr66ou

onorelei ro trey6;revo pqxog rripcrog.
To pr6ye0og oupBoli(eror 6re0vc.bg pe ro ellqvrr6 ypo;rpo nl, Kot orroretrei

6.vc ororleio rour6,qrGS rou rdOe xOpo'rog. H rrpq rou e{oprorcr xor (i)
on6 rrg r6r6rqreq rou p€oou otrtro xar (ii) ono rq ouXv6rrlrs rrls ruporrr(q
rrnY4s.

Av ouv6uqooupE 'rov opropr6 rou pqxoug x6proro5 ps rov opro;.r6 rr ;g
rol6rqrog 6rd6ooqg, rcrotrqyoupr orrlv e{iooorl }:cT 11 orqv roo66vopq

1
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::lv rl orroio qrrorelef rr1 leyri;revq 0epeArdr6q e{iocoorl rcov xupcrcov.

c:Av Orpeh66rlq e{ioooq rurv xupdrtrrv

T/ l \I  o KUI-rc KOr r0 pqur lpCITrKq
f to vq rreprypoq-roupt ro xOpo xorocpe 0youpe orq ylcbooo rc. lv puOrlporr-

xclv.  Oo enr6rcb{,oupe vo 6qproupy(ooupe pro ouvoprr lor l  rrou vc pcs
rre prypcr<pe r rr;v rcrroorooq xo0e orlpe iou rou peoou oe rs0e lpovrxq orryprl .

Yrro0eroup€ orr r l  roldvroroq rns rrnyns eivcr cnlr l  oppovrrq. Ko0e
orlpe io rou ;reoou Ocr e xrele i, orros e lrrope , rropoporc rotrdv'roor1 pe 'rr1v i6ro
ouXvorqro. To xupo o' ourq rqv rrepirrrcrrorl XcpoKrqpi(eror trrs oppovrKo.
Ag 6eleoupe xor pio oxopro oup8oorl  .  Oa Oecopoups orr ro rr lorog rr lg
rotrovrcooqq 0c eXrr yro olorcr oq;reiorqv i6rorrpq. H xivr loq ouverrcbg rdOe
orlpeiou rou psoou Ocr neprypcrcperor orro pro ouvoprrlon p€ rri-rro {,:{eqpcrrt.
f r<r vq eXer opcr-rg rqrroro ev6ro<pepov ourr l  q ouvoprqoq,0o rrperrer vo
sXOUps 6rruxprvioer noro eivcrr 11 lpovrxq orrypq rr lv orroio beXoproore o5
opXq rcov X6rovcov yrc rr lv x ivqoq rou xq0e <rr lpeiou 1cr-rprord. Efvor govepo
orr pro reroro ouvoprqoq pr pio lLovo ove{oprnrn pero8lqrr l  ( t )  6e prrropei
vG GVTqrrorpr0ei oro vq rrepryporlrer ouro rrou errr6rcirKoups.

Xpreru(opcrc.rr tp icrouvcrprr lo lor lvonoiut , r  XpovrKrqorrypssvqcvcqcpovror o€prcr
<rpXq 1p<ivcov evroicr yrcr oAo ro oqpeio rou pi.oou fro vcr ro Koroq€poupe
cr roAou0oirprs rrlv'rro p( r K<ir<l ouAloyrorr xr1.

Octtrpor'rpc rvo rtrXcrio orlprio I (rou tlcrorrxou pcoou)'ro orroio Bpioreror oe
crrr<iorcroq* ux, trro rrlv KUporlK4 tt. lYn**. H $rcrropoXq g$ovet oro orlpeio I ot

Xpovo At=x/c;rero rqv e xxivr loq rq5 rrqyq5. Av yro nopo6erypo, q xu;rcrrrxq rrqyq ( f1)
eXt. t  xcrrcr  r r1 Xpovrrq orrypr l  t :0 crrropoxpuvoq { :0,  ro oqpeio I0o dXer tqv f6ro
onopoxpuvor; perci clno Xp6vo x/c. Kcrro rq Xpovrxq orrypq t:T/4 n rrrlyrl 0o
6pioxercrr oro crxpo rq5 r<rlovr<oorlS pr pq6evrrq rcrX(rrqro. To oqpe io I 0o Bpi<rxeror
orqv it iro xcrroorooq pcro o116 Xpovrxq l ircxprero x/c rrl orryp4 6qlo6r1 t:T/.1+x/c.
Auro yevrxorepo oqproiver orr ov 11 ruporrrq rrqyq, Bpioxrrqr xqro rq orryprl t;r or prq
oproprcvr l  xrvqrrxq xtrrooraoq, ro or lpcio I  0o Bpiox€rqt  orqv i6ro xrvqrrxq
roroo-roor1 xorcr rq orrypq t,,+x/c. Kor avriOero ro ruXoio (opo xor xoOe) oqpeio I
6Xcr oe roOe urcirpcr,, rqv orro;rcrKpuvoq rrou eile rl f ir ly4 rrprv orro Xpovo x/c. Ie pro
trorrrov ruXrriu rlrrypq t qv I rrqyrl eXer <rrrctporpuvoq txtiOero orrl t ireuOuvoq
6rc6ooqg) €:&rrlFot, q crrropoxpuvorl rou ruloiou oqpeio I 0o eivor q:foqpco(t-x/c).

* Zt. rrro orro 4 pq 6rcr unoroq ro u x, noprmovrr tqv on6mooq rrlg Odor1g roopponioq rou orlpe iou ourott ono
r11 0ro11 roopponiuq rq5 rqyr l5
** Ko0e orlpeio rou pioou pnopei vo eeoprl0ei og xuptrrrxri nqyrl
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ror 0u;rq0oOpe 6rr cT=tr

q= 
"ql,2r(+-+)

Eivor pro ouvoprqoq nou o<popo oe xq0e oq;reio rou prtoou 6ro6ooq5 Kor os Kqe€

lpovrxq onyp4. 'EXer enrxpor4oer vo ovopo(eror e{ioroorl opltouro0 xriporog. I '
ourrlv eivor

{, 11 anopoxpuvorl nou nopouord(er €vq orroro6qnore oqpeio rou p6.oou 6rd6ooqq
ono rq 0ror1 roopponio5 rou
x q orroorooq rou oqpeiou ouroO orro rqv rrqyq
t 11 Xpovrrq (orooroon) rq5 mrypqg o'rqv onoio ovogep6pooTe qrr6 rqrrorq
ro0opropevq opXq Xpovcov
T q xorvq rrepio6og rolov-rcooqg olcov 'rcr.lv onpeicov, Kql
t r  ro ; rqxo5 xuporo5.

H treyopevq trorrrov e{io<rloq oppovrrorj xOporo5 eivor ;rio ouvdprrloq (€) Fe 6uo
pero8trr l re5 €:€t t .x) .  A{ i (er  vo ' rqv epeuvr looupe .

o. Av O€loupe q ouvdprqoq va ovocp€prrqr os 6vq xqr p6vo ouyrexpry6vo oqyeio
rou y6oou 6ro6ooq5 0o Xperoo'rei vq 6cboouH€ oro (x) prq moOeprl rtpq -o5
urro0eooupe d- rrou 0q eivor q orr6orooq, rou oqpeiou ouro0 o116 rqv rrqyq rou
x0prnroq. Oo npor0qrer eror q ouvoprrloq

€:€"np2.(+_+)
rrou pos ntrqpogopei yrq rrs 06oer5 rrou qrroxrq ro ouyKeKprp6vo ouro xrvqr6-

orlpcio oro xri lq;ro rou lpovou.
8. Aivov'rog oprrl5 oro Xpovo t pro oroOepq rrpq (t:t,,) xor 0e<opcbwqs 6rot p6vo ro x

o5 pero8lrlrq rrlq ouvoprrloqg 0o npor0qer

e=e"npzr(| -*)

pto ouvcp'r4oq 6qlc6q €=€(x) q orroio ovo<piperor oro o6volo rtov oqpei<ov rou
p6oou xor pog rrAqporpopei yrcr rq 06oq xa0ev6q o116 qurd o€ ptq ouyrexprpdvq
Xpovrxrl orryp4.

Oaoq xor 6togopo gooqs. H nooorrlr tr  q=lrr(t"T-x,I) tr tytrcr <pcor1. Ko0e o4peio rou
p6oou oe xcOe Xpovrx( orrypq;crpoxrr lpi(rrcr orro pro ,,goorlD, I  of ioio poq rr l4po<popei

Yro rnv Krvni lKn rou KrrTcroloor l .
Aq Oe<oprlooupr 6uo oqpeicr orr lv i6rq 6re60uvoq 6ro6ooqq rc onoio 6pioxovror oe

orroorooerg xr Kor x. cvriororlcr orro rr lv mqy4 Ie pro ouyK€Kprpivrl  Xpovrxrl  orryprl  ol
<pdoerq roug 0o civor

"(+-f) ""''- (+-;)
Oo dXouv 6rogopo Lq:zn

rorv 6uo ourcbv or1;reiorv.

po5 6iver rqv arr6moo4 (d).H
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Me 6oo11 ro noponovo pnopo6pe vo npo;coprlooupc o€ opropivo nopioporo:
o. A0o oqpeio rou elqorrroO ptoou nou 6piorovror mrlv i6rc 6re00uvor1 6ro6oo49 xor q

onooroo( roug eivor ordporo nol lontrooro rou prlrouq r0porog 6Xouv 6ro<popd goorlq
oreooro rrotr lonldoro rou (2rrD

Ag=2n

d=k I
) Ag=2*tt

H lpovrrr l  ouvoprrlo4 €=f(t) neprypoger rnv
(roropio' evoq ouyxexpr; l6vou oqpeiou rou
p6oou oro onoio 6rq6i6ersr 6vo oppovtx6
x0po H nrpio6oq noproroveror <rlg 11 ctrdXr-
mr1 Xpovrxrl  onooroorl ovopeoo oe 60o
mryp69 roro rrq onoieg ro o4peio nopou-
oro(er rr lv i6ro oupneprgopo

[r=€orlPgr ' l

)  )  € '={z
[ :=€onp(cpr+Zkn) )

d

.1 
|

)

Auro orlpoiver 6rr ro 6rio quro o4;reir:  eXouv 6ropxcb5 rqv i6ro ono;rorpuvorl xor
yevrx6repu rr lv i6ro xrv4rrrq xordmoorl.  Iuvrl0i(erot vo l6pe 6rr ro 60o ouro orlpeio
6pioxovror orr lv i6ro goor1. H prrporep4 onooroo4 60o r irorcov onp€iov eivor prlxoq
x0proroq. Mrropoup€,\ornov vo 6d:ooupe ivo oxo;,rr1 opro;r6 yro ro;rr lxoq xOporoq:

,Il-.t 
r0;roroq liyrror 11 onooroorl 60o ntrrlori.ore p<r;v orlpeicr.rv nou Spioxovror m4v i6ro

Evvoeirtrr ort ovcrrpepopcorr o€ orlpeio nou 6piorovror orr lv i6ro 6re00uvo11 6ro6ooqg.
I lepio6og xor 1t4xog r0porog. H nepio6o9 evog r0porog ergpo(er 14 uXpovrx( nepro6rx6-

rr lrq,,  TnS outrrrreprgopdq ev6q o11;reiou rou;r ioou. Anorelei r4v etro1ror11 Xpovrxrl
onoorooq ovopeoo oc 60o nopoporo yeyovoro rrou 0o oupBouv mo i6ro o4peio (rreproy4).
Arro rr lv oltrq pepro ro prlxoq xuporog €Kqpd(,€r evo ei6oq (XoptKrlg rrrpto6rKornrqsD roLl
ouvolou rorv o4;reic,. lv oe pro opropivrl  Xpovrx4 orryp4. Anorelel rqv etroXrmq nXoprrr l
oTroorooqo ovdpeocr oe 600 i6ro yeyovoro nou oupBoivouv rr lv i6ro Xpovrxn orryyrl

H Xo.rprrr l  ouvopr4orl €=f(x) evos opl,rovrro0
xOpcro5. qrro6i6er 6vo nmrypr6rurroD rou
x0paroq. Moq 6iver pro err6vo yro rrg 06oerq
rov 6rogop<r.rv oqpei<ov oe ptq optop6vn

;ipovrxrl  orryprl .  Efvcr 4 erx6vq rrou 0q
rrepvop€ ov Pnopoooqpe vo ngcoroypogi-
ooup€, rr lv KUiJqrrK4 6roropoXll  { ,  p'  olfo
A6yro, v'  oxrvqrorror{ooupe ro 1p6vo. To
prlxog r0poros fiqptqrqv€ror trls q eloxrorn

Xcoprx4 cn6orooq ovopeoo oe 60o orlprio
rq orroio 14 mryprl exeivq -ctrlo rqr xd0e
orryprl- 6Xouv rr lv i6ro oupneprgopd.

'OAq rq rTponyoupevo ovqq6povrqr oE oppovrKo K0pq €lqortK6rnrqs ro orrolo
6rq6i6erqr Kqrq rn prio povo 6re60uvoq. Apxerd 6pcoq on6 qurd qqopoOv xqr oe 6vq
orroro64rore K0po yevrKorcpq. Irq yevrrq ouri f i€pirrroon eq urqpxEt pto
rotrqvro6pevn (noo6rnro) fiou prrop€i -6rrcr.l5 sirrop€- vq €ivqt rl rri€orl rou qtpq

crro rlxrlTrKd K6pqrq oncoS xor rl €vrqorl rou rl l€KrprKo6 (r1 xor pqyvrlrrKou) Tre6iou ro
qlEKrpotrcyvqrrKq Kuporo.



H rrp( f(x,t) rqg rolqvroLrp€vrls ourns nooo-
r4rog 0o eivor (i) ouvdprqoq5 06oqg ror (i i)
ouvdprrloq Xp6vou. frq 6uo enioqg oqpeia nou
Bpioxowor mqv i6ro 6re60uvoq 6rd6oor1g oe
06.oerg 6qfo6r1 x1 ,x2 fiou orr6louv Kqrd nx2-xrr,,
( )o roX6er yevrrd

f(x- . . t )=r (* , . t -  ! - I f  ;

H reAeurcriq ourrl oXioq poi utrrr,, orr q trpq
rqv orroio f;er q rctrovrorJpevq nocr6rrlto f(x,t)
ev6g oq;,reiou (xo) oe prcr opro;r6,vr1 lpovrrq olypq
(t) oul.rnirrrer pE rrlv rrp4 nou ei;e q rclovroupe-
vq rroo6rqrcr ev6g otrlou oqpreiou (x1) nprv orrc

1p6vo (x2-x1)/c.

E\ioooq rcOpqro5. levirsuoq
Iro oXrgporo rrou rropo0troupe fiopttrrctverqr r; 6rci6oor1 Ftss KupqrlKqS 6la.ropo-

Xqg, p6oa qrr6 6vq oXorvi. lru vq errrr6loupe picr yevireuoq og uro06ooupre 6rr q
xivqorl r<iOe oqpeiou 6ev rropouoro(er rrepro6rxorrlru. Kcr0cvcr qrro rq cryr'1;roro

d=xz-xr-C.Qz' t , )

H 6woro rfpo 383
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noprmdver evo mry;.r6runo rrls 6rd6oor1g ror ovog6.perqr o€ ;rio Xpovrrrj orryp(.
Yrro06roupe 6rr pro ouvdprqoq f(x,t) po5 neprypdcper rq 6rd6ooq rr;g 6roropoXq5.

Ag evrorriooup€ rqv rrpooop; pos oE 60o 6rocpoperrrd o'rrypr6'rurrq ro 16ropro rcor ro
trfprrro. Kord rq lpovrrq onypq t2 q 6roropolrl 6pioxercrr o'rr1 06oq x2, or6rs rl rrprl
rq5 ouvdprqoqg 0o eivor f(x2,t2). 'Evo 6p<og nop6poro yeyov6g -pro nopoporo
brcropopj rou ororvro6- eile ovp\ei oe pro dltrq rreprolq (x1) rou ororvro6 T rprv orro
t2-t1 Kol or rrp6,g rrou rrpoo6topl(ouv rrg 66o 06oerg (x1,xz) Kor rr5 cvriororXeg orrypr6.g
(t1,t) ouv66,ovrqr p€rlv e{ioooq x2-x1:q(1r-1,) mrlv onoio q <c> noprurdver rrlv
rolOrqro 6rd6ooqg rqg 6roropolqg. Mnopori;re }orn6v vo roxuproro6;.re 6rr ov
x2-x,=g(1r-11) 0o eivor xor f (x2, t2)=f(xr , t r )  4

f(x2,t2)=f(x1'r- 
*'l*t 

) 4 oo, yevrrci'repo.

f(x. t )=1(*, . , -  ^- ,* '  ) : (* , . , -  
*  

^t  ) : . . . f (x*t- l - - tc'c 'c

H ouvoprqoq f(x,t) pog neprypo<per xonoro yeyovo5. Or rroponovo ox€oas pos
l6ve 6rr ro yeyov65 our6 pe ro xdlqpo rou Xpovou uovorrapdyerqrn o€ 6tdrpopeq
neproX6g rou Xdrpou rrou Bpiorovrot orrlv rore60uvoq 6ro6ooqg tou r6porog. E'
ou'r6 orpr6<ir5 ro oqpeio Bpioreror ror q 6ro<popd rou ruporrro6 gorvopr6vou qtr6 ro
<porv6pevo rrlg roAovrcooqs oro orroio 6va ouyxerprp6vo yeyov65, pe ro r<6lqpo rou
Xp6vou, (qvqrrqpdysrqlD orqv i6ro rreproXrl rou X6pou. Or rroporrov<o oXfoerg po5
l6ve errioq5 6'rr to yeyov6q <ro{r6e6eo npog oprop6.vrl xore60uvoq pe roXdtqro
6rd6oor1g ioq rrpo5 nc,.

T/-1,lo oTpooooKorno
fo otpoeoo*oTTro pos rnrrpinrr vo rropornpoupe ro yeyovoro pe pu0pou5 b' lbrpoptrrxo0q

crr6 ouroriq p€ TouS onoiouq e{etriooovror. Moq errrrp6re r yrc ropd6e ryljo vo rropdrrlpo0pe rr1
6rd6oor1 evog rr iprcrog r4v orroio 6ev 0o rpotro8oivope pe ro pdrr vo nopoxotrouOrlooupe.

H pi0o6og nporolci rro opyq nopouoioorl rou yeyovoro5 xorr ocv ro opyo l0propo ptaq
KrvrlporoYpc(pr Krls r0rvrqq.

Aq gov,ooro6pe ivo }eur6 6ioxo nou orpErperor pe oulvorrlro vn.o--20H2 opo xcr rrepio6o
Tn.p=1120 s xqr o'6vo oqpeio rou 61er prro prxprl
po6pq xqtr i6o. A6y<o rou onrrro6 percroO(po-
ToS To ovOpcilrrvo p6rr ovrrlop6cveror rqv
rpoXrd rr15 xqli6aq oqv 6vsv nl(pr1 xOxtro. A5
6o6pe rr 0c oup6ei crv p6oo o' 6vo oxorerv6
6copdrro enrXerprlooupe vo qori(ou;.re ro 6ioro
pre nepro6rx6q ovolopn65 oulv6rr lrog vo=19,9
Hz xar rrepr66ou T":1119,9 s. Oecopo0pe <r.rg
oppl rcov Xp6vcov pra orryprl xord rqv orroio 6qproupyel'ror pio -0e<opof pevq roq <rrp<brr1r-
ovotropnrl. O 6ioxog <pori(eror xor crvrrtrop6ov6poore rrlv x4li6o oe pro oprop6vq 06oq. Irrl

lpovrrrj 8rdprero To rrou enoxolouOei p6Xpr r4v en6pevrl ovotroprrl 4 xqli6o 0o €1er orpo<pei
rotd ytovlc

T^ 200 2rl
<p:trr*.^T-=2n " =2rt - =2rr+ -.- T-.^ 199 199
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Oo 61er 6rflo6n 6roypdqer pro ntrqpq neprmpo<pr1 ror 0o 6Xer ox6pr; perororr'ott[ xana2rl199
orrivro, nepinou 64Io64 1,8 poipeg. Aur6 oqpoiver 6rr rdOc <popo rrou 0a gori(eror, xd0e
<popd 6r1tro6q rrou 0o <poiveror, 0o pero-roni(eror yrrrvrord Kolo.2nl199 orrivro xord'rq qopo
rns Tpqyporxrlg neprorporprlS. Oq po5 <poiveror p' dllo tr6yro orr neprorpfrperor notr6 opyd
orr' 6rt orrlv rrpcyporrx6rrlro H
qorvoprvrKrl ycr.rvror[ -roXOr4ro

0s eivqr a,p=2nn99Ts xor q ovri-
ororlrl ou1'v6r qr a v *: a *l2n : 0,1
Hz iorl ouvencbq pe 14 6ro<popd
'rtov oul,vorrlTo)v v-.0-vo. EivGr
errioq5 lopoxrrlprorrx6 6rr ov r1
ouXvorrlro rov ovolopntbv ou-
prilfiTEr p€ rn oux /ornT0 rns fi€pr-
orpog4q, q rqtri6o goiveror oxi- -:,il
vnrn ov q ouXv6rqro tcov qvolc- llr,r:;l
prrcJv eivor oriporo urrorroltrs-
ntrdoro 14g ouXv6rrlrog rreprmpo<p11q

Kord ovoloyo rp6no ;.rropo6;re vo
yp4yopn xivqoq ev65 rolovrorr l ,  rqv
rrpoyporr 169 oulvorqreg

t
ytor i  rore To:k T, , , r .
noporolouO(ooup€ rnv orrbpqoq ev6q e<pe;ro6q, rq
e{f.Ar{q evo5 r0poroq ol lo xor vo unoloyi(oups rrs

'Evvoreg f iou lrsprypdgouv rq r6pqrq
To r<Opo rrou p€lsr4oop€ ro XopoKrqpioop€ tr ls ypopprr6 srr€t64 n

6rd5oor1 rou yrvorqv Kqro pro p6vo 5re60uvor1. 'Evo xr ipo eivqr Be8qrq
Suvor6v vq 6ro6i6eror Kor o€ prq opropfvn srrgcv€.rc,  orr<lq eivor ro 16po
rrou 6nproupy€iror orr lv €Tngdv€to rou vrpo6, orr6rs XcpcKrnpi(srot rr ls
€rngcvrroK6. Av rflog 11 6rdSooq rou yivrrot Koro rts rpcts XoptK€S
Sroorooerq, ro r6pro XopoKrnpi(rror <rls rfpo Xdrpou. Tc rlxrlrrro rriporo

<H Aipvq rou x6xvou, H xivr loq tou xuxvou 6r lproupyei  6roropoX4 nou 6ro6i6eror or x0poro f fqvcr l  orqv

€fir(Pov€ro Tou vepou

'4-@.: . '  
- - - - . ,
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nou 6rq6i6ovrot orov o6po orroreloOv tvc lopcrxr4prorlro uopd6erypo
rOporog 4bpou.

frs vo nepryporpoupr rn 6rd6ooq rcov rupdrov rfitolpore6oupe xor
oprop6veg o16pq yeroperprx6S svvorrs.  Aq Oeotpqooup€ yrq nopd6ery;.ro 6vo
rOpo yitpou rrou €Kfioprurror o116 rrg rolovrcbosrg FrqS ouyKsxprp6vqg
finyns. Ie rqrrora oprop6vq Xpovrrq orryprl, ro oOvolo rov oqpeio-rv rou
p6oou orc otrofq 6Xer cprdoer q 6roropclq, 6roXropi(erqr o116 ro o6votro rcov
ut6trorrrov oq;,reicuv p€ prG errrrpdvero. H errr<pdvero our-r1 l6yeror p6rtrrrro
xriyurog.

I' 6vo r6po Xrilpou urropXouv oq;reio rou p6oou 6ra6ooqg rq orroiq 6Xouv
oe rqOe Xpovrrq orrypq rqv i6ro ouprrspteopd. Eivor oqpeio ro orroio
(oupcprrlvc pe 6oc eino;re) Bpioxovror 6roprccbg o€ oupecDvio <paoqg. Ko0e
errrrpovero r-o oqpreio rqg orroiag 6pioxovr-or o€ oupqtovio gdorlq Xoporrqpi-
(eror roogaorx4. Mro euOe(o roOerq o' 6vo oq;reio roocpcorrqg errgovero5
urrorel€,i rq treyopevq ruporrrrl <rxrfvc q orroio o'rqv trepiTrrcoo4 rou qXou
0o Xoporrq pi(erat qXqrrrrl evcb orqv replnrcooq tou cpcrlr6g 0o laporcrqpi-
(ercr rporervq.

Av q nqyq ' rou r6poro5 eivor oqperarq Kor ro p6oo 6rd6oor15 rcuporrro
opoyev6g or roo(poorKrig errr<pavereg 0o eivcr ogorprr€,q errrrpdvere5 pe xivrpo
ro orlpeio-Tny{. H orr6orqoq 6uo 6roSoXrxdrv roorpoorrd;v errrcpovercbv
perpoupfvq rorc rr1 6reu0uvoq rrls KupqrrKr'19 oxrivoq eivor ioq ;re ro pqrog
16pcxrog. H ne€<lreprrq> roocpoorrq errrgdvero orrorelei ro yfrurrro r0proroq.

O nolpoypdcpoq roroypoqer 6rr orrq 6rio neproX€5 nou Bpioxovror ro prrp6gcovo urrdpXer ovriOeoq <pdo4g
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K6pcxrq elqorr K6rnros KCIr rl^sKrpopqyvn-
rrKd r<6pcxro

Yrrdpler pro peydtrq norrrtrio oqpor<rrv rrou p€rog6povror pe Fopq(
rriporog. Avdpeod rous pnoporipe vo 6rorpivoupe 6rjo 6oorx6g rorqyopieg.
Irqv npd;rr1 ovqrouv xriporo, 6ncoq ro qlqrrxd, 4 5ro6oorl ro:v orroicrlv
oXeri(eror ps rrs etromrr6q r6r6rqrsg rqg 6lqg. To lopox'r4pi(oupe <oq
x6poro elomrrc6rqroq. 'Evo qn6 ro x6pro XopoKrr lprorrrd roug eivor 6rr
6ev 6ro6i6ovror oro xev6. Irq 6e6repq ovqxouv ro rltrerrpo;royvqrrrd
16poro o'o orroio r16q ovogepOqxope. To rpcrrq, ol un6pu0peg orriveq, ol
uuaprtir6erg orriveg, or axriveq Rontgen (Poivryrev), ro po6rocprovrxd xOporo
orrorelo6v opro;r6veq popg6s r€,rorclv oqpdrcrrv. H 6ro6oo11 roug yiveror pre
r,r.rporo qlexrpopoyvqrrxd rs orroio 6ro6i6ovror or6po rqr oro xev6.

povdXc liyeg m6pveg, d6ereq xr ouriq,
nou qXoriv Kcr fiou rr5 npooxuvdpe
'HXo5 orexoprevo5 ro0<proq, i6loq pe rq povo(ro po5.

frtirpyog :eq6p45

Or t11or rropdyovrorT 6oo oro peydlo e pyoor{pro nolprxdtv <rvrloecov r4q rpUorlq ooo xqr orq
norx(lq rlloyovo oriparo nou 61er 64proupyrloer q ov0pdlnrvq reXvrxq. 'EXouv dpo5 6tror rou5
pro xorvrl nporileuorl rqv orroicr prropo0v vo ovoyv<opi(ouv ot (puotKoi. O rrorploopr65 'rou
x6poroq, ro retrdpuopo rou vepo6, q 6o11 rou <croppdxr4 ro 0p6ropo rcov g0Mov, 11 peydtrr l
rrorxrtrio rparvcov r<bv (cO<ov, ro orrois Beld(ouv, vrrroupi(ouv. ya6yi(ouv, Bpulcirvrar, xod(ouv,

ltrrprvrpi(ouv, ypuli(ouv, retrcr16o6v, qMd rcrr or g<ov6,q r<r.lv ov0pcbrrcov rrou rpr0upi(ouv,
ouvoprlo6v, rpoyou6oriv, qdltrouv, yetrdve, vovoupi(ouv ro rrqr6rd rou5, (qroxpouyd(ouv 4
g<rrvcoro0v, rrapayovr-or oro (€pyoor4pr, rr15 g0oq5 Us rous rp6rroug nou ropdyovrqt Kqt ol
relvqroi (Xot o116 rq }erroupyio rov prlXovrirv, ro ogtrpiypo, o rov rpoiv<ov ri rrg e{arpioet5
rtov curoxtvrlrov 6rrcog Kor or pouorKoi r11or rrou rpo€pXowor otr6 ro 6rorrcodrv, rqv rrOdpa,
ro exxtr4oromrx6 6pyavo, ro 6;rnoe, ro prrou(o6xr ro oovroupr ( ro vrpo;.r5.

Erjxotrc prropo6trre vo cvoyvcopiooufrr rov <xorv6 ropovo;roo, {, 6lurv rov rreprrrrtiroe<ov xor
vo utoorrlpi[ou;re 6rt o 41oq ncpdyeror o116 rrg pqXovrx65 rotravrcboerg -elre nepro6rx€g eire
pr1 t r tptobtreq- rvos ouyKrKprprvou ocbpcrros

Irq yevireuorl rns 6vvoro5 raAdvraoq 61oupe r16q ovorpep0ei. To rlxoy6vo
trorrr6v o6pc Ffiops( vq e(vcxt €vc orepe6 ocilpo opro;r6,vqg eloorrr6rrlrqs, ro
ono(o sKrelei Urq ouyKrKptp€vn notrprxq Kivrlorl, 6nog oup6civer pr rts

qx0s
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cpulvrlrr169 1op6fg rrov ovOpcincov q pe rrq ;rep6pdveg rcov qtrerrpo;royvqrr-
rciiv peyogcirvrr-rv. Mrropei 6pcog vo eivor plo o6pro orqlq mqv orroio €Xer
6qproupyrlOei rqldvrooq oroorpou r6poroq* Kor rropouord(er rrepro6rr<6.9
pero6ol6q rqg nieoqg. Korr ovdtroyo oupBoivsr ps rous 4XorS nou rropoyer
€vo xAcpivo t1 6vc oo{6<pcrrvo.

Ard6oo4. Or orrorooErl'nore quons our€g peroBoleg psrog€povrol orov
neprBoltrovro a6po ps rq pope( 6ropqrotv rupdr<ov,tq orroio ouviorqvror
orq 6ro6ooq rrepro6rrci-rv* percBotrd;v rqg nieoqg Kor rrls rrurv6rqros Tou.

H roX6rqro 6rd6ooq5 rou qXou orov o6pa eivor ove{oprrlrq orro rqv
rrieoq rou d€po, e{oprotor 6prcrlg o116 rq Oepporpqoiq rou. H elioroorl
c:c11/1 +o0 neprypdrper ou'rq orpr8ci ;g rqv e[dprqoq. To <c6> trcprordver rqv
roxurqro rou qlou os o6po 0epporpooiog OoC, q orroio eivar rrep(uou ioq ;re
331 m/s. To <q> rroprorcxver ro ouvreleor|tlrT grad-l rov orroio ouvovrope
Kor orls olert169 e{ro6oerq 6rooroArlg rrrrv r6qvlrdtv oepi<rtv.

Iro uypd o {XoS 6ro6i6eror pre peyohjrepq rcXrirqro. Ie vepo tr6you Xoprv
0"C ,l roX6rqra rou qlou <p0dver rct 1440 m/s. Irq orepea orb;rcrro r1
roxurrlro rou qlou eivor or6po peyolu'repr1. Iro Xok6 eivor rrepirrou 3500
m/s, evd; oro oi6qpo rrqv<rl o16 5000 m/s.

Koro rov 17o orcirvo, 6rov or ovOp<orror ro'rorpepov vo 6rlproupyqoouv
rev6, Erorrior<rtoov, orr, evcb ro gtrls 6rq6i6eror oro r€vo, o nXoS 6ev
6ro6i6eror oro rev6. Korcx rrg releuro(e5 6eroer(eg rou crcirvo posf rrou ot
cvOp<orror t€tuXov vo orropoKpuvOoriv o116 14 yqrv4 orpr6o(porpo, 6e6orcil-
0qxov yto rort ro orroio eiXov (6q ufioqloorsi. 'Orr o 6roorqprrr<65 Xcbpog
eivor €vog r<oopog orr6lurqg orotrrqg.

* Irqv €vvoro ourq 0o ovogepOoirpe oe en6pevq rv6rrlrc

\
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AviXveuo4. H ovilve uon rtr;v qXqrrrcbv surcbv ru;rororv yiveror pe ocirporo-
66r'req ro oroio ouvq0<rl5 urro6sltrovror o€ e{ovcyxoop6vq rolovroon.
T6roror 66rreq eivor l6you Xdprv ro rOp'ncxvo rcrrv ov0pci-lrnvov ourtcirv xot ot

;rep8poveg, rrg oroieq 6ro06rouv ro 6rdqopo prrp6rpcrrvo. Iuv6€ovrag
rordllqlo ro prKpoqtllvo p€ nolpoyporpo prnopotil-te vo €,1ou1.ts Kqt pto
erx6vc-orrypr6ruT ro rou r'lxrlrtKou KUporoS fiou ovrXvefoupe.

Av r1 rotrovroorl rou qxoyovou ocitporog eivor cppovrKrl, ro rlxrlrrKO KUpo
0o eivqr 6vo oppovrr6 rrjpo xor o rlXog 0o loporrqpi(etor crrl6q. Mro
I Kovofior rlfl Krl rrpoo€YYrorl
srrlori rlXou rrapdyeror pE
ro 6rorroocbv. Av q rolo-
vroorl rns fiqyis 6ev eivqr
oppovrxrl oltro rrcpouoro-
(er nepro6rr6rqro, 6Xer 6q-
Ic611 pro oprop6vq ouXv6-
rnro/ o qXog l6yeror oriv-
Oerog.

'YVoS ev6g qXou. H oulvorqro ev6g qXou ouv66sror ps ro urroK€rp€vlKo
yvcbpropo rou rirl.roug, ro yvc.bpropro 6qtro6q 6doer rou orroiou Srorpivoupe
6vov o{6repo (r1,rr1tr6repo) {Xo otr6 6vo Boprirepo (Xopql6repo). To urroK€rp€-
vr16, p' oltro tr6yro, ororX€io, ori;rgcrrvo pe ro orroio roXupr(opoore, 6rl o
uatrrpo, qXoq eivor rrro o{09 o116 rov oBqror, ovrrororXei oe €vo ovrrr<erpevr16
orotleio, o6p<prrrvo l-r€ ro orroio q qlqrrrq rrqy( rou udkpqu epgovi(er

trreyohirepo opr0pr6 notrpcilv ovo 6eurep6trenro oe oX6oq p€ rqv qlqrrrq
rrr ly4, rrou 6r lproupye( rov qXo n6rlrcu, nopouord(er 6r1lo6q peyclurepq

01020304050@70@90100

Iro oXrlpo noprorovovror or rreproXt5 oxouor<-itv ouXvorrlrorv opropfvov (rborv Or rrp6q ouXvorrlroq e ivor oe
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ouxvorrrro. To ovOpcbrrrvo ouri ;.rnopei ror ovrrlopBaveror 4xous oulv6rq-ro5 peyofuir€pns rav 2fJ Hz xctt prr<p6repr15 r'v,20.000 Hz. rs rriporcx ;.rsoulv6rqro prrp6repq rolv 20 Hz ovrrororxo6v orouS ley6pevouS urr6q10ug,evd) rq x6poro pre oulv6rqro peyol6r€pq rtrlv 20.000 Hz,'oroug iey6pevouq
urr6pqloug.

Axouor6rrpu ev6q fxor. 'Evo ox6po urroKsrp€vrK6 yvrbproprc r<dOe qloueivar 11 orouor6rr l  r .  , ' ro yvcbpropo 6qlo6q f iou 
' rcs 

, t , tpl t '  vc rorqrdo-
ooup€ rous ixouS or roXuporig,  l ry6repo roXupouq, ox6po Aiy6repo

-* '#
^fi
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6uvoro6g r.tr.n. To ovrrxerpevr16 ovriororxo rrls oxoum6rqroq oleri(erur
Kor p€. rq oulv6rqro, ollo Kor Fe rqv cvo povd6o 1p6vou xor qvo povdEc
enrrpdverog evfpyero rrou p€To(p6peror o116 ro qplrrrd r6poro. To 6e6repo
qur6 qvrrrerpevr16 ;r6ye0og tr6yeror f,vrcoq rou nxrlrrKori rrjporog perpr6,rar
rpuorrd oe Wm2 11 Wcmz ror orruro6rlrrore oXeri(eror p€ ro rtrcroq
rctrovrororls rns nxqrrrrlg rrqyqq. l-ro 6oop6v.4 cruXv6rqro rl cvrrKetpevtxq
oO{r1oq rrlg 6vrooq5 nporotrei o6{qoq rls qKouor6rqrog. lro rq p6rpqoq
rrls oKouor6rqrog Xpqorporroreiror q rliproro tcov decibel (vreof[rn6tr).

H 1pord. I roug o6v0erouq {XouS ono6i6oupe rr  6vo or6po urroxerpevr16
yvdrpro;ro, <rrororrro6> Xoporrrlpq, ro orroio tr6yeror Xporo. O dvOporrog
€1er rq 6uvor6rqro vo 6rorp(ver pero{6 rouq 66o 4XouS nop'6lo rrou 6Xouv
ro i6ro 6rgog ror rrlv i6ro cxrouor6rqrq. A6o e{foou ro;upoi r<or e{ioou o{eig
q1or, npoepX6pevor 6por5 o €vcg crn6 rrrovo rr o dtrtrog o116 6roli, 6Xouv
6rocpoperrrq Xporo.

fro vs xo'rovoqooups ro (ovrrKapevlx6u ovr imotxo rou urroxerpevrxori

quro[' yvcopioprorog orrorreiTor vo errrroleoroOpre rrlv ovdAuoq Fourier
(@oupt6). I0prpcovo pre 6oo 6Xoupe ovorp6per oXerrro, prrropo6;.re rcbpo vo
unoorqpi{oupe, 6rr rdOe ofvOeroq rlXog ouXv6rqrog v eivor 6uvcr6v vq
Oecopq0ei, 6rr npo6pleror qrr6 enotrlqlio onlcirv llXrov trre ouXv6rqreg v, 2v,
3v, 4v...kv, ox6poro 6qlo6q rroltrqrrldoto rls ouXv6rqrog v. A116 our6ug o
orl6g 4XoS t,s rq ;.rrrp6repq oulv6rrlro l6yeror 0epefu66qg r1 trpcirrog
op;rovrr6g, o otrl6g nXoS pe rq brntrdoro oulv6rqro (2v) tr6yeror 6e6repog
op1.rovrr6g, o ontr6g {XoS pe rqv rprrrtroorc ouXv6rqro rp(rog oppovrx6g
K.o.K. Kd0e op;.rovrrog loporrqpi(eror (o) o116 rq ouXv6rqrd rou, qlld rqr
(6) otr6 ro ntroroq rou.

O Helmholtz (X6lplolrS) qrqv o rpdlrog rrou n€,ru1e -rqrd ro ;16,oo rou
rrepoopr6,vou orcirvo- va otro6ei{u, orr ro ufioK€tpevrr6 yvtirpropo <lpordo
oXeti(eror ps rrlv rropouoio tcrrv cvq:r6.pog rd{qg oppovrx<irv (6e6repo,
rpiro, r6.ropro...), or orroior ouprnopdyovror ll€ ro 0epetrrdl6q. 'O'rcxv 66o
qloy6vo nopdyouv 66o e(ioou 6uvororjq ror roourpe(g olld o6rorpoperr-
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r1;1og o16 rr<ivo
ri;1oq o16 6roli

Avotruoq 60o rlXcov rou i6rou 0q.rouq xor rqq i6rog oxouor6T rlroq. O 6vog npof.pXerol o116 6rotri xqr o oMoq
o1T6 rrrovo. Iro o;(poro rrlq 6c0repq5 oerpo5 rroprordvowor or ou;g6rr1reg @40H2,2'440142,3.440112, ...)

xor ro rrldrrl rov oppovrxtitv

Ko6S> rlxous, qur6 orlFqiva 6rr (pe e{oipeon ro 0e;Jilt66r1) or opprovtKoirrou
rrqpoyovror €ivor 6uvqr6v vCI 6rCIq6pouv (i) rord ro rrlq0os (ii) rcrd rqv
to{q ror (ii i) rora ro rr^oros (6vroor1).

xloprverro gloouro

Avrrorpd<povros ro (qrqpo prropo0ps vd rro6pr 6'11 60o e{ ioou 6uvoroi
roouqr€is r11or, exr6g ofi6 ro 6rt eprnepr€Xouv fiop6FotouS Oepellri:6erg,
6ro06.rouv -Kqr or 6rlo- 6erjrepo oppovrK6 rqs ibrcs 6vraoqg, rpiro
oppovrKo rnS i6rCIS 6vroorlq Kot qur6 toxrlst yt0 610uS rous oppovtKoOS.

'HXoS Kqr nl€Krprx6 prOpo. O (XoS (perorp6TTsrorD or qtrerrpr16 p€6pCI ro
orro(o poro(er p'our6v. Aur6 oupBoivel oro HtKp6qovo ev65 rqAe<p6vou yto

440 880 1320 1760 2200 2640+40 880 1320 1760 2200
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ncrpo6erypo. Arrore,Ieiror o116 6uo povrotrr6veq rrtroreg ovOporo, pero{6 rc,-rv
orroiov urrdplouv r6rror erioqg o116 dvOporo. To qlerrprxo (l-rKpogovr-
x6o peripra rrepvoer or(r rq ;.rio nldro or4v dllq p6oco ratv oycbyr;rcr-rv
r6rurov ovOporo. Ko0<ilg prldpe prrpomd orq plq nldxo, ourq rcr,\treror
ror or 16rror percrxrvorjvror, orr6re;reroBoltreror 11 qAexrprrrl ovrioraoq rou
rurclcbporoS, pe ouv6n€rq vo 6rlproupyorJvror 6roru;rcvoe rg 'r qg dvrooqg rou
prKpo(povrKori pe6poroS. H popqi rcuv psupo'nrcbv qurd)v 6rorupdvoecov
ovrrmorXei orrl poprpq rov qlcr-rv nou rpOdvouv mqv trpcbrq nldxo
dvOpoxo.

O nXoS yivctor err6vc. Iuv6ud(ovros (CI) rq 6uvor6rqro rou prrrpogcitvou
vo 6qproupyei peuporr169 opo ror rcor16.9 6roxupovoets, f iou 6Xouv rq
popqn rqg rlXqrrrqs Kupovoqs, pe (B) rq 6uvor6rnro rou notrpoypdcpou vo
orrerrovi(er rrg rooi169 6roxupovoers ornv o06vq rou, Kcxrog6pvou;re vo

'6Xoupe ; l ro err6vo rou r lxnrtKori  rr iporo5.
Mrroporipre yro ropo6erypo ouv66ovrcs ro prrrp6rpcovo pe rov notrpoypo-

(po vo ovoyv<rrpiooup€ rrlv err6vo rrls CIppovtrqS xc;rn6trrls fiou ovrrororlei
orov q1o ev6q 6rorroocbv.

To rllexrprr6 peripc percrp6rrercr oe r11o o orrofog pold(er pe our6.
Terotou ei6oug perorporreg fipoyporol-otouvror orq oKouorrrd r-cov rqtre-
cpcbvrrlv Kor oro r;trerrpo;royvrlrrxd preydrpovo. To peyogatvo orroretreirqr
o116 6vq roXup6 rllerrpopayvqrq xor qrr6 6va eurivqro 6loopro poloxorj
or6qpou ro orroio Bpioreror pero{'6 rcrrv rr6trcl-lv rou. l-rjp<o o116 rq Bdoq iou
eloo;roroq urroptrer rrqvio ro orroio rporpo6oreiror pe preroBotrl6pevo
qlerrprx6 perJpo, ro orroio rrr0qv6v vo €1er 6qproupyqOe,isn6 6vo prxp6cp<rl-
vo. Or Erorcupcvoers rou r l lerrpr<oi.r  pe6poro5 ovoyrd(ouv ro dAoopo vc
rrdllerqr xor ;rc(i rou vq rrdlleror pio pep8povq I orrofcx l6yo rou
pey60oug rqg rropayer qXo peydlqg 6vrooqq.

O 4XoS raraypcqerot Kor avorrapcyrrcl. Me ro ;rayvr1r6(povo prropoups
vG roroypoqoups rov q1o oe poyvqrrrcrl rcrviq Kql uorspo vo rov
ovorropayoupa.

O 4XoS prerorp6neror oe qlerrprx6 peupo pe ro prxp6qovo. To pe6po
evroX0eror xor rurAorpopei oe 6vo rrqvio pre 6or<rulroer6r l  or6ep6vro rrupqvo o
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orroio5 €1er pic herrrq eyxorrl. To napoy6p€vo poyvqrlx6rre6io nepropi(eror
p6oa oro p6roAlo err6g o116 rqv rreptoxrl rqg eyxonrlg 6nou or 6uvotrrr169
ypCIpp6S rou e{orrld:vovrqt orov dpeoo yerrovrx6 Xtilpo orov orroio 6piore-
rot Kot 11 poyvqrtxtl rotvic. H rorvio eivor qrr6 rrtroorrx6 roluppr6vo ;re trerrrrl
eniorpcrloq or6rlpopoyvqrrroO utrlxori ouvr10<og o{e16rou or6qpou q Xp<otrriou.
Ko065 rrveiror, poyvqri(eror roroypocpovrqs rl5 pero8ol6,g rou prolvqrrxo6
rre6iou rrou qvrrororlo6v oro oqpo.

Kord rqv ovrlorporpq lerroupyio rqs ovorropqycrlyqs q rorvio xrveiror
egorrr6pevq oe 6vcx ctrtro nqvio 6proro ;re ro rrpcirro. A6yol rqg xivqoqg rrlg

rorvio5, or pero6otr6.S rou poyvqrlr<;u rre6iou errdyouv qlrrrprx6g rdoer5 xcr
peOporc orrq orreipeg rou'nqviou, rcx or-roic evroX6ovror Kot prsrorpirrov'rqr
rrdfu oe q1o an6 ro peyo<pcovo.

Bl6nou;re trorn6v 6'rr n rrpcyporonoiqoq rou rOxlou nqXog-pe6po-
poyvqtr16 rre6io-perjpc-4xosu qrrorele.i ;.rro or6po e<poppoyrl rcrrv 6rjo
6qotr6v rllerrpo;.royvrlrrrr.bv rporvo;r6vov, ro)v poyvqrrrcilv 6qlo6q qrrorr-
leopdrrov rou peri;.toros Kot rous gotvop6vou rqg r;lexrpopcyvqrrx4g
erroy<rly115.

Yrr6rlxor
Ouor169 finy6s unorlXotv eivor oprop€vo psrsopotroyrxo rpalv6pevo, 6rrrlg

or rurlc.bves Kqr or oeroproi. TeXvq169 finy6s sivqr or 6ovqoerg rcov 6ro<p6p<rlv
pqlovci-rv. Or un6qXor 6ev 6reyeipouv rqv oioOqoq rq5 ov0p6firvrls oroqg,
yivovror 6;rcuq ovrrtrqnroi o116 'ro vefpo rou 66p;roros npoKoh6vro5
ouvrlOcog 6vo o6proro oioOqpo ovqouXiog rol elorppqq vou.r(o5. H poxp6-
Xpovn 6;rco5 6r0eor1 oe urr6qlouq pnopei vc nporcl6oer Btro6eg m4v uyeia
roOclq ror (qpr6q oe rr(pro q oe pqXovrr6q xo'rooreu6.g. AuoruX6S rl r6rorou
eiDoug oxouotrxq p6truvoq orrorelei ox6po 6vcx dluro np66trqpo, yrori or
urr6qlor 6ev e{oo0evi(oov nepvdrvrog pr6oo o116 ro ouvq0q qXopovorrxd
utrrrd.
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Yrr6prlxor
Or ur6pqXor rropdyovrqr xr ouroi16oo ors nepyooripron rr ls g6oqg 6oo

KGr oro epyoorqpro rrou 6.Xouv 611;roupyryoer or ovOptrrfiot. Oprop6vo
OoAqooro 0qlomrro -6ncrlg ro 6etrrpivr- eivor nporrrop6vo pe npoqyp6vo
<rp<-rlvqrrrd> ouorqporq rrou rous €firrp6rrouv vo errr6prrouv urr6pqloug.
Toug Xpqorporrorouv Kor yrq vo fipooovoroli(ovror ollo Kcr yto vo
evroni(ouv rq 0rlpo roug. l-lop6poro 16;.roro 6Xouv rq 6uvororrlrc vo
exn6prrrouv Kor or vuXrep(6eq, otrld ror oprop6vo 6vr-opro. Iro ovOpcbnrvo
rsXvqr6 epyoorqpro rl fiopCIycrlyq unepqXcov Booi(eror mo rporv6p€vo rns
qlexrpoouorolrl q.

To xuprcbrepo XqpoKrnprorrro qurd)v rcrrv rupdro:v eivor 611 6rq6f6ovror
pre rporro rrou 0upi(er rrS trerrr6q cpco'rerv6q 66o;req Kot prroporiv vo
corro(ovror ps rrl BoqOerc oxouorrrci-lv xor6rrpc,.lv ror <pcxci:v. Kqr' qur6
rov rpirrrur rl ouyK€vrpcrrp6vq ev6pyero prcs urrcprlXrlrrxqg 6€opqq prropei vo

XpnolpofiorrlOei yro roOopropo errr<povercbv orrooreip<rroq uypcbv rqr errrrq-

XUVorl  Xqprrcbv crvrr6pooeov. Mrq dl l r l  r6rorr l rcJ . f fou 
Xoporrqpi(a rous

urrrpr lxous eivqr ro orr 6robibovrqr
eurotrcirepo oro v€po rrcpd orov c6.-
pCI.  H rbrorqro curr l  o6qyno€ ornv
avor<otrupq rou sonar (oovop) rqs
ouoxeuq5 rrou pqS err€.rpeqe vo ovr-

Xve6ooupe Kqr vq Xqproypqqqooupr
toug Oolooorous 6u0o6g. Ano rqv
eno1f1 ro:v oploirrtv (Dorvirotv ot qro-
pd6eg 6r lprroupyo[roov fvrovou5

{XouS xcr forepo rrepipevov vq cr<o6-
oouv rr lv q16 roug yro vG exrrprqoouv
orroordoerg orro 6ugrop6.vc orqv opf-

1trq cr<pcorqpro. I rqv i6ro oxprBcbg
loyrrq Booiorqre Kql r" l  ovoKolurpq
rqs ouoKEuqq sonar ora 1917 ps rrl
6ro<popd orr q ouoreurl  ourq Xpnorpo-
nororioe urr6pqloug. To sonar e1116prrer urrsprlxrlrtKq 6€opq q onoio
ovorlcilpevrl oro Bu06 (q oe r<drroro ovrrre iprevo rrou 06loupe vo qvrxvruoou-

;re) errrorp6<per prerd arr6 lpovo rov orroio plropoups pe orpiBero vc

;rerpqoou;.re. Iuv6uo(ovros ro Xp6vo ouro pe rq yvrr;orq rol6rqro 5rd6o-
orls r<rlv xuprorov oro vep6 urroloyi(or)p€ rrl (qro0pevq arroorooq.

Iqpovrrxfg eqoppoy6g flor.rpe Kot or rrotrtrorjg roprei5 rqg rorprrqq.
Eorroopeveg oxrlveq urrsprlxrlrrKciv rupdrolv fiou 6rero6uouv oro ocir;ro xor
ovqrlcbvrcxr o116 oprop6vo eooreprro 6pyovo 6qproupyrilvrog retrrro (,orvro-
v6g qlerrpovrreq erroveg rcov opydv<rrv qurci-lv. Kord rq releurqio Xpovro 61er
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errrrporrloer q 6royvcrrorrxrl Xpqoq unep4yrlv Kot o€ €yKUpovouoeg yuvoireg
nporerp€vou vo yiveror ovoyvcbproq rnq rrope(oq rqg x6qoqg, otrlc ror
urrrpnxoypcgnon rou ep6priou.

Epr(ravd rfpcrrq

l1otrI6psvo qtrercrprrc6 6fnolo
Xperd(eror vd errtorp6q,roupe oro r6rlcopo Thomson. E16o;re 6rr ol

qlexrpopoyvqrr169 rolqvrd)oerq ev6q 16rolou rurlcir;.rorog prropouv vo
rrporotr6.oouv e{ovoyxoop6veg qtrexrpo;.royvr1rr16.9 rs}ovrrboerg o' 6vc ovd-
loyo yerrovrr6 rOrtrcopo. lJp<p<'rvo 6pcoq pe 6oo ei6ope q 6r6yepoq rou
6erirepou ruxldrporog orpeitreror ;r6vo mqv erri6pooq rou proyvqrrro6
rre6iou rrou 6qprroupyeiror y6pco o116 ro np<i:ro rrjrtrotpa xsr su'r6 yrori ro
qtrerrprx6 rre6io p6ver evrornopr6vo ;rero{ri rcoV orrAroprcirv rou rrurvcr-lrrl .

Eivor oporq 6uvor6 vo rrer6loupe rr'1 6r6yepon rou 6e6repou rurtrcbporog
kar pe ro qlerrprr6 rre6io rou npcitrou, opxei ra 6rio rurlcbporo va
6ropopcpor0oriv rordtrlqtro. Ag 6oripe rr oxpr8dtg evvooOpre nrordllqtrrl
6rop6p<prrroq>. A{i(er vo rrorjpe rrpororoGotrrro 6rr 11 en6pr6ooq iro5 0o
64proupyqoa Kor pro or lpovrrrq ou{qoq rqg r6roouXv6rqroq.

l-lp<ilrq err€p8aor;: Avrrrq0rorof;re ro nqvio rou xurlcbpqros p' 6,vo
euO6ypol.rpo oycrly6. Or ouv6rrerss rls ovrrrorooraor;g eivol:

i) vo Ercxrrlpq0orJv or r6r6rqres rou rurtrdrporog.
ii) vc elorro0ei q erroyotyrr6rqro dpc ror q r6ronepio6og

ro5. Ag prlv €exvopt ot f:2rr,Te.
Ae0repr; err6pr8aoq: Arroprorp6voupe oryo-oryo rov 6vo

orrhop6 Tou rruKvorq otr6 rov dllo cbore or 66o orrfuopoi
vo Bpe0o6v orrg 6uo oxpe5 evoq eu06ypofrou oy<oyori. Or
ouverrere5 rqg onopoxpuvoqq eivor :

i )  vo 6rorqpq0ouv or 16r6rqres rou xur lc irporog,
ii) vo elorr<oOel or6po rreproo6repo q 16rorrepiobog }6yco

rq5 etrdmolons rnq Xcopqrrr6rqros Kql
iii) ro qAerrpr16 rre,l,io vo <qfild)vrrqt)) rlo mo lcirpo ror

vo pnv l-repropi(eror pero{6 rurv o'n}roprcbv rou rrurvorrl.
'Eloupe 6qproupyrloer 6vo ovorXr6 ruxlcopo Thomson rrou

qrroreleiror o116 €vq p6vo euO6ypoppo oycoy6. Ie orjyrprorl
pe ro (qpxrx6> pa5 xrirlopo ro v6o rOrl<lpro rropouord(er
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ovoprpi6olo prrporeprl r6rorreplo6o peyol6repq 6qlc6ry r6roouXv6rrlro,
otrld err6g rou lloyvnrrxo6Tre6(ou rou ercreivErqr oro Xrirpo xor ro rllerrpr16
tre6(o. Av mo qvorxr6 qur6 rOrlopo 64proupyqOeiopeiotrq qlerrpolrcyvn-
rrx4 rotrdvroorl/ oro 60o dxpo rou Kqt or roOe mryprl 0a Bpiorovror
owi0ero qlexrprro qoprto (+q, -q) or rr;.ri.q rcrrv orroicov 0c prero6dtrlovror
pe rq ouXv6rrlro rqs rcldvroroqg. Aur6q eivor ror o troyog yro rov orroio ro
xfxlolpo orq uopg4 rou our4 l€yerol xor nall6pevo 4lexrprx6 6inolo.

O eu06ypoppos oyrrly6g pnopei orrg 66o drpeg rou vo xorotrqyer
eleu0epo q vo 61er ptr<p6g nldxeg q ocpoipeg. Iro p6oo rou pnopeivo 6,1er 6vo
otrrvOqprorq.

flopoytrlyrl qtrerrpopqyvrlrrKoO ne6iou
Ka06g trerroupyei 11 opeicorr'1 rllerrpopoyvqrrrrl rotrdvrcooq, ro ovrfOero

rlAexrprrd goprio +q, -q rrou Bpiorovror oro drpc rou 6rr6lou 6qproup-
yo0v perc6oll6pevo rllexrprxo re6io. O oycoy6g I
Srappe6pevoq otr6 evoltrcoool-revo perjpo Sqproupyeiy0- |
pcD rou pero8oltro;revo pcyvrlrr16 ne6io. T6oo ro 6vq 6oo I
Kor ro ollo ne6io pero6dltrovror nepro6lrd pe rq ouXv6-
rqro rrls qherrpoproyvqrrxrlg rclovroroqq. Ko0cbg e{o-
oOevi(er ro qtrerrprr6 rre6io evroXrjeror ro poyvqrrro rqr
ovriorpocpo.

To 60o ourd cllql6v6erq us6io onorelo6v -6rrco,,
6Xoupe rr€r- ro qlerrpopoyvqrr16 rre6io.

r l l
-  t I

f lopn6g Kqr 66r
Kor ro poyvrlrrr6 ne6io 6ro6i6ovror mo X6po trre
rolrirrlrc rou <pcor6g. Or 6uvo1.tt169 ypoppeg

oqpeia rrou Bpiorovrol ot arr6orooq peyatrq o116

T6oo ro qlerrprr6 6oo
roX6rqro ioq rrpog rrlv
ouvelcilq ofitrcirvovrqr. Ie
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to noll6pevo 6frrolo q 6vroorl E rou qle rrpixori rre8iou Kol rl 6vT ooq ti rou
poyvrlrrxoO rre6fou eivqr xo0ereq pero{6 roug oltrd ror xdOereg or-r1
6rer iOuvoq 6ro6ooqg.

H peroBolrl r-cov rrpcirv 'rouq o' 6vo
oqpreio rou Xcbpou 0o 6iverqr srr6
e{ror iroerg rns Fropq4g E:Eeqp<o't  ror
B:Bsrlpot. I0prrpolvo pe rq yevlxeuoq
rlou 6Xoupe 6e10e(, pfiopoups vo rro0-
pe 6rr q 6vrooq rou qtrercrprro6 ne6iou
(6rrcog ror q fvroon rou ;royvqrrro6
rre6iou) errelei rolovrcrlorl q orroio
6ro6i6eror oro ldipo perccp6povrog
rrlqpogopic rar ev6pyera. l-lporerror
p' oltro tr6yro yro x0pc ro orroio Xoporcrqpi(ouFrs trrs qtrerrpoproyvqrrx6.

Tc rllerrpopoyvqrrro r6poro fiou rropdyovror o116 rurlcbprcro tr6yovrar
epr(ravo*. H o6yXpovq po6rorqlerrrxorvrovic Xpqorporrore( ourd ro rfproT o
yro vo pero8r8d(er ot peydleg orroorooerg rrlqpo<popio rct ev6pyero.

O rroprr6q epr(lovtirv rupdrtov aroreleiror o116 6.vq r6rtr<opo rstravrcb-
oro)v/ oro orroio'nopdyovror opeiolreg qtrerrpo;royvqrrx6g rotrovrdroerg
rrotru peyotrqg oup6rrlros rrlg ro{e<rrg 6r1lc6t1 r<rrv MHz (peyoX6prq).
flp6rerror yrc rrl trey6pevq cp6pouoo ouXvorqro.

To rf xtrcopo ouv6eeror ps rrlv repuio ;re 6va nall6pevo -6nlo6n- 6irrolo
oro ouoio rropdyovror qtrerrpo;,royvqrrr6q rolovrcboers rnS (6rog ouXv6rq-
rcrg. To rOpo r-rou exrrt,prrer q repoio 6Xer rqv f6rc peyatrq ror oroOepq
ouXv6rqro xcr tr6yeror cp6pov 16;ro.

Tr yiveror 6pcog nporerp6vou vo psroq€,pOei p6oro rou qtrexrpo;royvqrrxori
rriprorog 6vog q1o5, 6rrcoq oupr8oiver ps ro rpqyo66rq rrou oxoOpre ovoiyo-
vicxs evo po6r6rpcrrvo;

Or qXor rns pouorKqq rcxr rqg oprrliog 61ouv ouXv6rq'reg peprrccirv kHz
(xrlol6prq), ouxvorrlrcq 6qlo6q nol6 <Xoprq,l6gu crs o.x6oq Fr rrs <p6pouoeq
ouXv6rqre5. 'Evog 16roro5 qloq 6rov g0dvel mo prxp6cpovo rrpoKolei6ncog
{6poupe pero6otr€5 Tou prKpoqcr;vrrorj peri;.roro5 p€ rrl ouXv6rrlro rrou

Xopoxrqpi(€r rov q1o aur6. lro tq pcx6rorpo-lvrrrl prerd6ooq r<rrv qXov ro
rurlorpro rou prKpoqdlvou ouv66rrot ps xOrlo-lpro Thomson xor or peroBol€g
rou prKpoqcovrroO pe6;rorog rrpoxoloriv cvrimorleg perc6ot6q oro rrldrog
rou <p6,powoq rriyaros p€ ro pu0p6 rqs qxnrrK4g ou1v6rr1rog. Tcirpo 11
repoio exrr6prrer 6vo 6rapoprpto;rfvo xri;la ro otroio perog6per rr9 XcxpqKrrl-
prmrrEg pero8otr6q nou rrpordtreoe o rlXog rou prxporpcbvou.

* H tr6(q npo6pXeror on6 ro 6vopo ro0 Hertz
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'Eror o 66rrqg xorog6pver
vo 6rolcopioer qrr6 ro g6pov
r0po r-qv rotrdvr<loq q orroio
ro 6rop6pgoo€ Kqr v0 rnv
prerorp6rper oe qlexrprrc6 peri:
pCI rrls i6rog pop<pr1g. To pe0-
po our6 ogo0 evroXu0ei 6ro-
Br8d(eror oro peydcprrlvo,
6rrou Kqr ovorropoye;ar o
r11oq rrou eile 6'eyeipsr ro Fr-
rp6cprovo rou fioprro6. O 6C-
rffns 0rroreleiror ror cur6g
q-ro repcio K0l xrjrlolpo
Thomson. 'Orov ro qlerrpo-
poyvqrrr6 xOpo g0ovrr o '0u-
r6v Sreye fper rrlv xepoio rl
otro(q pre rq oerpd rqg 6reyei-
per ro rfxlolpo Thomson.
Kor' our6 rov rp6rro or0
axpo rou rrurvorr; ovorrr0o-
oeror rdorl rqg i6rog Hopgrls
ps ro 6ro;roprpcop6vo r6po
nou eiXe sKrr6pqrer o'nopn6q.
H rdoq ourrl mq ouv6lero
rroipver r4 popg4 rou ptKpo-
<'lrovrro0 peup<rrog rcu fio-
pno6.

O6pov x0prc

Or euOri.ypope5 xepoirg ovr;ve6ouv ro <rllerrprx6 rpqpc, rou 4lexrpopoyvrlrrxo6 r6porog, ev6 or xuxltr6q
xepoieg ovrXvc0ouv ro (pqyvnrrx6 rpri;ror rou

Arcpopg<op6vo x6po
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Iup6ofq rolv Kupdrc)v
'Otov oro i6ro ;.16oo oupBoiver vo 6rq6(6ovror rqur6lpovo 66o r"l

rreproo6repo r0;rorc ro <porv6pevo fiou uporcOrrrer on6 rr1 ouvdvrqorl roug
trdyeror oup8olti. H Oecrlpqrrxr'1 petrfrq rou (pctvo;l6vou Booi(eror orq
trey6pevq qpx4 rns enallqliog, oriporvo p€ rqv orroiq <rq06vq o116 ro
rfproro 6ro6i6erqr oov vo pnv unrlpXov ro dllo x6poror. H ollx4
6roropolq xdOe oqpeiou rou p6oou npoo6ropi(rrqr o€ rdOe lpovrrn m'yp4
ot6 rq (ouveeon)) rcov 6totopolcirv rrou ocpeilovror oe ro0e x6pc {eXcopr-
ord. Irq ropoxorco 0o petrerqooupre 611o ev6rocpfpouo€S firptrrrrboerq rou
rpatvop6vou oupBolrlg. ApXrro 0o trrelerrlooup€ rrl oupBolq 6rio rupdrcov
fiou €Kfiopefovror on6 ofprporveg nqy65. Irq ouv6Xerq 0o xoronromo6pe
pe 6vo or6po onor6,Ieopro rqg oup6otrr1g, rrq ley6peveg rulawtiloerg
ordorpou x6;roroq.

Iutr6olq Kupdro)v fiou l-pofpxovrCIr qrr6

A6o nqy6g ruporov l6vovror orjpcpoveg erp' 6oov rrdtrtrovror pe rr;v i6rc
oulv6rqro Kcxr ro i6ro rrldros Kor Bp(orovror ouvelcirg oe oup<pcovio
rpdoerog.

To rreipapa. Ma 6vo roroltrqtro or6le1o5 rrpooopl.roop6vo oe opprovrr6
rctrovrorrl 6q;rroupyoups pro 6rdro{'q, ro 66o orpo rqg orroiog erre,}o6v
KoroKopuqss oppovrK6g rclovrci toerg. To 66o ourd drpo (Sr xor Sz)

orl;.rcpolveg rrny6s

Qoroypo<pia nou rop04xe pe ouveX4 rporlop6 r45

enrrpove ro5

@o-roypo<pio rr19 i6ro5 enrrpovero5. H lrlqr1 6yrve pe
mpoBooronrx6 rporrop6.
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ouvovrouv rqv oplrrd oxivr;rr; errrgdvero vepoo xor nporolo0v rq 6rd600r1
opyovrrcirv €fir(poverqKcilv rupdrov rrdv<o rr1g. floporrlporlpe ro onor6tre-
opq rrls ouvdvrqoqs r.,v 66o xupdrcov. Arqrrro*ilvoupre ort oE opropdvo
oqpeio rou elqorrro6 p6oou 6rd6oor1g (o4peio ev(o-xuong) q r6povo4 eivor
6vrovq, evdr oe dllo oqpeiq (orlpeio on6o8eorlg; 6ev ugiororcr r6pavor;.
Eivor loporrqprorrx6 611 6lo ro o4;.reio mo orroiq 6rorrrmdrvero, ,uioxrorl
ovqxouv o€ ouyK€Kprpr6veS rotrrnrile5 rrou 6xouv rn Fopq4 rooorcetroo5
unepBolqg. Kdrr nop6poro oupBoiv€r Kor p€ ro oqpeio on6o6eoqq. Avqrouv
rqr qurd oe xopnfleg or onoieq guorxo 6ev r6pvouv rrs fiporlyoripeveg, otrld
€1ouv rr ourtg rrl popqn rtrrv toooKrtrcbv unepBolcilv.

H 0eopio. or oppovrx65 'rorovrcboers r.,v 66o nqycilv lapcrrqpi(ov.rqr qn6 ioq
rrlo'rq rccr ioeg oulv6rrlreg r<or Bpiorov.ror o€ oupgovio gdoecog. Aur6 orlpaiver 6rr
cv q ;rio neprypdcperot p€ rrlv e{iocooq {:oqpcot, p€ rrlv i6ro e{io<ooq prropoOpe vo
neptypogoupe Kqr rqv dllq roldv.rcooq.

Ag 0eopr;ooupe rcilpo 6vc 
'uxoio 

or;peio (M) rou erqmrroO ;r6oclu ro orroio
urro06roupe 6rr orr6;er ou6 rrg n4y6g (S1,s2) rorv 6rio r<updrcov orroorooerg d1 ror d2
ovrlororxo. H onopdxpuvorl f iou 0o rropouoio(e ro oqpe io our6, crv unqple p6vo q
r0provoq rlS Sr, 0o rlrov

€,="npz'(f -f ;
Av notrr unqpXe ;r6vo q rripclvoq rlS S:, q cnoprdxpuvoq rou M 0o rirov

€.:o.lF,zt (l- 
d: 

;

Av 6oororo0p€ orrlv opX4 rrls enollqliog xrrr urroOeooupe oTr or 6rjo roAcrvtcboerg
6xouv rqv i6rq 6reu0uvoq, 0o rrp6rrer vo 6ex0oJ;re 6.rr yro rqv orropdxpuvoq r-'u M 0o
ro;rie r

€:€r+€z on6re €=qqp: l r (a_|  I  
-  

or1p2n( 
i_* l

Mero rrg npo{ets rrporurrrer rirr

€:nrrpzrr(a-A*) pe A=2oorufro,_o,r

Or oleoerg mr5 onoie5 xorotrrjyclupe, urrotirlldlvouv orr
(i) To ruXoio oqpeio M errelei cppovrrq roldvrcoon
(ii) H ouxvrSrqro rrlg rrrrdvrcoorlg rou ouprnfrrr€r Hr rrlv rorvq oulv6rqro'rolowcooqg rcr.lv 66o nqyd,rv
(iii) To rrlorog rqg rolovrcooqg rou e{oprdror o116 rq brocpopd .rcov qrroorqoEd)v

rou (dr-d:)  orro rrg 66o ruporrx65 nr ly6s.
To (qrqpo rou rrlo'rouq rropouord(er r6roirepo ev6rog6pov ror ofi(er vo ro

epeuvqooupe 6re{o6rrorepo.

Kp6ooor evioluo4g. An6 rqv e{ioooq rrou pos 6iver rqv rr;.rq rou rrloroug
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ouprrepoiverot 6'rt ov dr-dr:ptr, 0o eivot rot A:2o, To oq;leio 8qlobq r<ov

omoi<rrv or 6rocpop6q r<ov qtromdoeorv o116 rr5 60o rrnY6s eivot ox6pcto
rroltrqrrtrdoro rou pqroug rfporoq, 0o eivot oqpeio rcrlovroupl€vCI ps

rrlarog 6rrrtrooro qfio ro tldrog rcrUe nqyqg. Eivot oqpeio orq orroio rq 66o
r6poro ollqloevroX6ovror.

Ag 6orlpe 6pr<og rcr rroro eivor ro oOvotro rolv oqpeicov ourdrv rrdvco mqv
errrgdvero. @o Xperooro6pe 14 ouv6po;r4 rr;g fecrrperplog. Av orqv e(ioooq
dt-dr:p1 Oeoprlooup€ k:0, 0o rrpox6rpet dr:dr. To oOvolo (yeo;rerprx65
16rro5) rcov oqpeicov ourrbv eivor 4 peooxd0eros oro euO0ypo1ttrto rpqpo
S1S2. Fro k:1 eivor d1-d2:|. To o0volo rcrlv orlpeicov qur(bv or-roretrei pto
roooxelq urrepBotrrl, or 66o ecrrieg rq5 o'noio5 eivcrt rc oq;reio 51 Kot 52. fto
k:2,3, 4,... 11 e{iocoorl rrou rrporOrrrer exqoror€ ovrrororXei oe orlpeio
toooxelcbv unep8otrdrv. To o0volo 6}orv our<ilv rcDV oq;rei<ov orroretrei rouq
trey6pevou5 xpoooori5 evio;uoqg.

Kpooooi crr6o8eorlg. Arcrapolq + Ararcpcx{ : urtvqofa. Av rdrpo
d1-d2=(2k*1) l /2,0o eivorA=0, ro0e or lpeio 64tro6r1, rou orroiou q 6togopd
qrrocrrdoeov on6 rrg 60o fiqy6s eivotteprrr6 notrlqntrdoto rou V2 0q eivqr
6ropr<ilg oxivrlro. frq k:0,1,2,3,'.. rrpoxrirrrouv or e{,ro<!oetg d1-d2:^12,
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d1-d2:3^1r, dr-dr:5\1r, d1-d2:7^1r, r.tr.rr. roOeprrcx o116 rt5 orro(sS qvrlorot-

1ei oe unepBolq pe eorieg ro oqpeio 51 rcr 52. To o(:votro ourcbv rov orlpsiov
qrror€,trei roug leyo;rsvous rpoooo6g on6o8eoqg.

H oup8otrr1 eivor 6vo gorv6pevo nou ex6qlcbv€ror or olsT o ei6q ruprdrov.
loX6er 6p<.og ror ro ovrforpocpo. Av
611lo64 or pro upopgf ulqgu er6qko-
0oriv rporv6;.revo ou;r 6otrqg, pnopo6pre
vcx uroorrlpi{,oupe 6tr rl *pope4
Otrqgu rrcpouoro(er loporr4pc r0pro-
rog. Ko'rd rrlv rrrprypogr1 rrl5 ouSr8o-
lqq oro 6rorpopo ei6q rupdr{Dv, ovri
yro rrlv €,vvoro oorropdxpuvorl> rl
orroiq pog e{uuqp6rrloe oro eloorrro
€rrr(pov€roKo 16paro, 0a lpqor;rorror-
oripe ro xordtrIrltro cvoloyo p6ye0o5.
Av rq xfproro eivor qr\errpopoyvqrr-
ro, ro ovriororXo rqg orol-roKpuvorls
eivor 11 trpq rqg tvrooq5 rou qtrerrpr-
xo6 q rou poyvnrtxor i ' r re,6iou. Av ro
rOporo eivor qXqrrra xqr 6ro6i6ovror
oe o6.pro, ro rordAlqlo p6ye0og eivor
or erqorore perc6otr€g rqg n(eoqg.
' Oorv6pevc oup8olrlg orov {Xo.
'HXoS + 4XoS : orton{. IuvS6ou;rs
611o 6poro peydcpc'rvo pe rrlv i6ro qXq-
rrx4 nqyq XqHql{S ouXv6rr l rog. To-
rroOerorjpe ro 6.vo peyogcovo o'n6.vq-
vrr oro dtrtro rcrr ovrlveOou;t€ To orro-
r€,Ieopo rrlg oup6olq5 pe prrpo(povo
ouv6epri.vo rrpog ncxlpoypdgo. Is opro;rfveg neproX€5 or qlor c-xtrlqloevr-
crX0ovror evc.b oe dtrtreg reproX6q ro orrordleopo rq5 oupBotrqg eivor q
orr6o6eoq, or 6rlo 6r1lc6f rropoporor qXor ouvovrrcbvrqr ror otrlrltroKorop-
yo6vror.  O 4XoS ouvqvrd rov q1o Kor 6qproupyeiror orcr:nq.

H g0orl rou qtor65 (A)
M61pr r<or rov rr6prrro qrcr:vo rrprv o116'ro Xpror6 or dvOp<orror 6ro'rqpoOoovtrdvu;

oro ouorqorrr6 (qrrlpo rrls p€pds Kqr rrlq v6Xrog pro ovrilqq-rq nou 0o pnopo6oe
oqpepo vo rrl XdpcKrqpiooupe nrrorqrrrq>. l- l ioreuqv 6rr ro <po-r5 rlrov 6vog loprrep6S
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orpro5 ror ro ororq6r evo5 po0pog crrpo5 rrou uqrcDvorov ro 8po6ro o116 rqv
errrrgovero rqs frls. To <p<o5 Kqr ro ororo6r qrrorelo6oqv 66o uov'r6Trlr€.S) peto{u
rou5 ove(opr11re5. Ynopxouv G[)Krr€g ovcrcpop65 p6oo oe opXoio K€rp€vo orTo rrs
orroieg rrro-rorroreiror ro rvruficooro16 -oe oy6oq pe rrq oqpeprveq pog o116qerg-
crur6 yeyov65. Ie evo qrr6 rq oqprovrrro olporo rrou rrpd"ypdrorroiqoe q ovOpcbrrrvq
orfrlrq xoro rouq orcbveq rrou qrotrouOqoov, q rrcrlro ovrilqq,'q ovcrrporrqxe
Itrprpcovo ;re rq veo ovrilqq,rrl, rqv orroio 6eXoproore ir61pr ror oqpre po, ro oxo'rn6t 6tv
iyu uhxq unooraoq, ro oxorct\r 5u eivat napa q arouoict Earog. Extivo rou tyet
uAtxq urooraoq tivat ro (p@g

H oo;rorr6rcxq 0etopio. l- lovco mq vfo oviitrrlr jq Booiorqre ror q €peuvo rorv
rrorri l<ov u<p<o'rervcirv, qdrvopevcDv. To rrprbto <porvopevo nou epeuvqOrlKo rlrov ro
oXerrxo pe rrlv eu06ypoFFrl 6ro6ooq, rrlv ovcxtraoq Kcr rq 6roolcor1, psoc cTro ro
orroio 6qproupyq0qre ror q r66o pro5 rgcorervqg oxr ivo5 euOuypop;.rqq. H r66o ourq
ouvd.Bole pe rq oerpo rqS orn 6rop6p<prooq rq5 np6rqg 0ecopio5 yro rr l  quor l  rou
cporrog, o0;rcpc,.lvo pr rqv orroiq or eu00ypoppreq orriveq ovrro-ror;oOoov oe rpoXrfg
rrol6 prxprirv o6porov otoporr6iorv. Mro 0ecopio ouoroorrxo roo60voprl pre ou-rq
Bpiorou;.re mo Br6tr io rou Aourpr l r iou "De rerum natura" ( f ro rr l  guor l  rcr lv
npoypororv) rov rrpcirro orcbvo rrprv qrro ro Xproro.

To err6pevo op6oqpo orqv e{6lr{r1 rcuv r6eci-rv yro ro rgco( epgovi(eror ro 66xoro
e66opo orcbvo percx Xprorov.  I 'otrdrcl r1pq oXe6ov rqv <opr ipo rou o Ne0rorvoq
ev6ro<pepOqxe oo8opo yro ro npo6Aqporo rou rpcoro5. I ro r lqorxo Br6l io rou
nOrrrrx4, rrou ruxtrocpopqoe retrrro ora 1703 rropouoiooe pro orro rrq rrpcirreg
ouorqpro'rr165 pel6re5 yrcx ro rpcoq. Iro pero{0 -nporo(r 6qlo611 vo npo8ei orq.
6qpooieuoq- eiXe rropo6eXOe i 6rr ro <p<o5 eivor 6vo peripc q6pqrrov oroprcrr6iov rrou
exro{erJovror arr6 ro <ptorerv6 odrpc.

Mnopoupre 6qlo6r1 vo noupe orr
rr116orooq5.

unoorqpr(e rqv rrotrro 0e<lpio rqq o<r-lporr6roxq5

i

H eu06ypoppr l  6ro6oo1 rou <poroq. Evo

6rogoveg pdoov lopoxrr lp i ( r rcrr  c, ;S (onrrKd)S

roorporro,  orov,  peocr o 'cruro,  ro gro<,6ro[ i i -

6ercrr  r rpo5 oleg rr5 xoleu0uvocrq pr rqv i6rcr

loXr j rqro Ie evo rerorou r i6oL'q picror,  6r \d-

pcrore orr  ro poS 6rcr6i6ercrr  eu0[rypcr l . rpcr
'Evo orro ro <pcrrvoprvtr  nou rv0rrpp0vouv

ourr l  rqv nopo6oyr l  e ivcrr  rcrr  4 64proupyio

oxroq. [1ovru o '  cruro ro rpcrrvo; i rvct  Buoi(ercrr

KCrr IO Y\oorO 0rUrpu r lxtrrr r lo orTor()
qrroretre i  dvo ono ro rrro ev6rorpdpovrcr oror-

Xeio rr lg nolrrrorr(11g ;rog nnpo6ooqq
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Neurorvo5, Orrrrxq, Air4po 29.
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H ruponx4 0e<opic. Trlv i6ro rrrpirrou enoXq o 'Ayytrog Hooke (Xoux) xqr o
OMov6d5 lluygens (XorXevg) eiXov ouyxliv€r o€ plc urr60eoq evtelcb5 6rocpopcrrxrl,
oupq(l)v0 pe rrlv orroic ro qcoS poro(er pr rov qxo xcr rrp€-nu v0 ro 6ExopooTr oqv
6vo xripo rrou 6ro6i6eror o€ dvo p6oo. Er6rro ;rofuoro o Huygens oro Br6lio 'rou

nl-lpoyporeicr yrc ro (posD, rrou ruxtrocpopqoe 'ro 1690, 6rcrrurrcrioe pro oXe'rrro
otrorlqpcopevq 0ecopio pr rqv orroio qrov 6uvorov vo €pprlvrurouv ro yvororo r6re
cprorervo rporvopevo. Iro rqv ep;,rqveio rcov gorvopr6vc,:v ourcbv, o Huygens rrp6tetve
prcr rorvoupro cpx4 yrc rrl 6rcr{iooq o1r povo rou qor6s oMo xor oltov yevrxo rcrrv
ruporov.  Me Sooq r lv qpX{ rou IJuygens xor pioo ono yetr l ; r r rprro0q ouMoyro;roug
6yrve 6uvorov vo 6oOei prcr eppqveio orous rrsrpcrpcrrrxo0q vopous 1600 rrlS
ovoxtrooqq ooo ror rqq 6ro0troorls rou rp<or6q.

Ap1{ Hu.'"gens. Ko0e oqpeio evoq pett irnou xup<rrog ;,rnopei vo 0e<opqOei t l ls rrny4
6eurepoyevo0g ru;rorr6rou ro orroio 6rcr6i6erqr ;rr rr lv r<rXurqro rou rdporog

To t ieurepoyevrl ouro rupcrr i i i ro oupBotrIouv xtrr ovorpofvrcrr oporBcio cre otro rcr oqpeio
lou ptoou rrroq ono lr oqprt icr nou xoOopii tr  n Korvrl  rgon ropevq rTTr(povuo orG prroTTo
rcov ruporrbitrrv ou.rcitv H ent<pcrvtrcr crtrrr l  crrorelei ror ro (trropsvo) f- l€Tclr lro xtrpo-rog.
Orov lornov poq av(n or Konoro orrypr l  t t t  yvco(rro ro plrorTo Kupoloq pnopoupr v(r

npo6leq.roupe ro psrorro oc prro rnopevl orryprl  ( t+At)

H ru;rcrrrxr l  Oec,- lp io ei le oporq Kcr r lv, ,oXi l t rero rrrrpvoD TnS.H 6ro6ooq rov
xuporrov rrpourrooerc ofi(l)064rrore rorroro pioo (rpopeo) 6ro6oo11q. floro eivor
opoye ro psoo o-ro orroio 6ro6i6ovrqr rc gcrlrervo xuporo oro yeyotro ro(i6r rouq
qrr6 rov 'H,\ro pelpr epoq; Or errrorrl;rove5 rou 6erorou e86opou orci-lvo ftruoov -q
potrlov voproov orr etruoov- ro rrp68trq;ro rropobeXo;revor rrlv unop€rl prog ouoiog
rrou xoAurrre olo ro o0prr<:v Kqr q orroitr 0o prropo(roc vo orrortAti ro p6oo (<popdo)
6ro6ooqg rov xuporcr-lv gorroq. Irqv <ouoio)) our4 6o0qxe ro ovopro cr06pcg, pro
le{q rrou eixr Kqfiore Xprlorpronorqoer o Aprmor6.l115 ovoporo6orc0vrog ro ouororr-
x6 utrrro rorv oupov<rbv Kor ro)v oupovi<rrv otr;por<-rrv. Allq o (qorogopos, <rr0apqs
€fipeTrs vo 6ro06rer xcxr opropdveg r6rorrlreq. H peyclrl roX0rrlro rou gcoro5
qrrorroOoe €vo peoov rpoporrrxo peyolr;5 eloorrr6rqrqs Kor rpopoxrrxo prKprls
rrurv6rqro5. Kor 11 ouoio ourq 0o errperre vo errr-rperrer orc oupovro od)pcro vo
xrvoOvror X<opig rprBeg. Kor evci: 11 r66o rr15 rropouoio5 rou or0epo qrov or<oo6qrrore
evoXtrqrrrq,  yrq rous quorKo0S oporq'rou 17ou qr6vo, q 166.o rqg 0nop€r lS xuproTcov

lopi5 uArxo qop€o 6ro6ooq5 qrov oxopo nro €voxlqrrrq. O or0ipos rr4p€ rq 06oq
rou orlv xtrcorxq guorxrl rrop6tro fiou rl KUporrrrl Oe<opio yro 6vo rrepirrou ot<iivq
rropcpepio'rqrc orro rq oorpotr6roxrl Oetopio.

H oto;.rorl6lox4 0eopio ernBqllerqr. O Neurclrvoq Xcr-lpig vo sivqr Kornyopq;rorrro5
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tro16 6ev rropo66Xr-qrE rqv Kupqrrrq rp6or1 rou qor6g. l-eyov65 eivor, 66.Bcro, 6rr
16oo q o<rlprorr6rorrj 6oo ror q xuporr<q Oe<opio prropoOoov vo eppqveOoouv rq
yvcoord tqv enoXq erceivq gorv6pevo. l lcxp6ln 6pcoS rq (gqrvoH€vrrcq roo6uvol.rio rrou
ropouoio(ov ra errrlerpqpqrq r<rlv 66o rrtreupcilv, 11 oroporr6rorq 0ecopia rou <por6g
rrprpo6orqp6.vq pe ro xripog rou Ne6r<ovq xuprdplqoe orqv Eup<orroirq o16,11,'q o' 6trq
rq 6rdprero 'rou qrcirvo nou qrolo60r;oe. fro ;rro or6pq qopd n 66vopq rq5
ou0evriog ruprolerrrrd <o0o6qyr1oe rr5 rrepro6repeg on6 rrS fi€rpqpcrr165 rrpoond-
Oereg <or rrg Oe<rrpqrr<6.5 ouv06oerg npog oprop6.vq xore60uvoq. H e{6}r{q ourll
onor6leoe 6vo ei6og rqv6vo rrou ouvo6eu6rqv 668qrq xqr qrr6 oprer6g e{arp6.oerg. O
Euler ( 'Orlep) yro rropd6erypo utr€pqoniotqre pre o06vo5 rqv ruporrxq 0eopio aMd
pe Kqv€vq qrr6 rq errrlerpq;rord rou 6ev xordcpepe vq rtrovioerrqv e6porcop6vrl
rerroiOqoq yro rq otopqrr6rorq urr6orooq rou rpalr6g. H ruporrrq 0ecopio gorv6rov
6'11 0q qrov yro rrdvro avioXupq vq ovrtf iopq'reOei oro nNeurcovr16 ovovrippq'ror.
Iro Eup<orroird rroverrror(;rro or rporrrp6.5 6r8qorovrqv 6rr r1 <oAqOero) ytq ro q<os
rlrov our6 'trou six€ urromqpi{er o Ne6rcovog.

Oorv6pevcx oupBolqg rou gor6s
H oroporr6rorrl 0eopia xtrovi(ercr. YnqpXe 6ir<og 6vo oxporrpvci-lg ruprorrk6

gorv6pevo 'ro orroio 6ev eiXe rror€ rropcrqpqOei oro qcDS. 'H'rov ro rporv6;.revo rqg
oup6ol(9. Av prropotioe rovei5 <ovoxpivovrqs) rrlv Olq vo rqg orroondo€r rnv
opoloyio 6rr ro gcog rropouord(er gorv6;.revo oup6olqg, 0o ;.rrropo6oe vo 611p roupyq-
oer 6vq oqpovrr16 pnypq mqv e6porcu;,r6vq nenoiOqorl rns etroXqg. H 166o ourrl 6rpepe
o'ro rrpoox(vro rov 'Ayylo Thomas Young (T6pog frovy<). O Young [ercivqoe arro rqv
rrenoi0qoq 6rr To cp<o5 (rov r6povorl rqr 0o €rrperre vo e;.rcpovi(er <porv6;revo
oup6olq5. I6p<p<rrvo pe rrlv rcuporrrcq Oecr-lpio ov 66o <0proro rrpoepX6;levq qrT6

oOprproveq nqy€g rcr 6ro6r66pevo oro i6ro ;r6oo ouvovrq0oOv pnopei vo ouprBollouv
pe orror6.treopc vo 6qproupyq0o6v rreproXf.g 6vrovou rpcorropori olld ror rreproX€q
crrouoiog qan6g, 6qlo6q or6rouq. 'Orr<o5 6qlo6q oup8oiver p€ rq €nrgqverqrd
r0;roro orq orroio prropoOpe Kqr fiqpqrnporipe ror ro qrro'r6leoFc fiou tr6.yeTor
<DroropoXq + 6roropoXq = qrrvqolqr, 6rr<o5 oup6oiver pe ro qXq'rrxd rfpro1c xord
tq oup8olq rcov otroi<ov Srorrrorcbvetor Ksr ro orror6,treo;,rc n.lXoS + rtXoS = ororrrqr,
xorr ovdloyo Ocr prrropoOoe vo ou;rBoiver Kor pe ro grog. Oo prropouo€ 6qtro6( vo
6rorrrorcoOei 6rr oe oprop6ve5 rreproX65 xord rq oupBotrq 0o €Xouye (q<os + <p<os :

oro'rd6r>. Av our6 ouv66orve 0o evioXue rqv dnorl-rq yrd rov rupo'rr16 Xoporrqpo rou
qoros.

To npo8lqpq 666qro qrov 6-rr q 6rrop{q 60o povolp<oporrrcirv rpcorervcirv rrqycirv
fiou vq eivor o6p<pcoveg r1'rov rdrr ov6,<prrro. H or6q.rq rou Young qtov 6T r q
ouyxerpr;.r6vq no{err6,poorq> Euorotria 0o Srrropo6oe vo {errepomei ov ofrorrororjoe
€.vo oAtro xupo'rr16 gorv6pevo, 'rqv repiOloorl.

Xprlorponorc.bvroq 6vo 6rorppoypo ;re 6rio nol0 prrp6.g nopdllqtreg oXrop65 ror
6,Xovroq ronoOerrloer pro o06vq nopoMqtro fipos ro 6rd<ppoypo oe onomooq
peydArl oe o;6oq FE rrlv on6orooq rcov oXropcbv xordgepe, rthxd, gori(owog to
6rdgpoypo vo 6ar vc oXq;rori(ovrqr orlv o06v4 rp<orerv6g xur ororelv6,g rreproy6g rrou
q pio 6rcr66Xorqv rrlv dtrIq. 'Hrov ro ovrimorXo r<ov Kpoooci-lv evioluoqs Kqr rcrrv
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xpooocirv on6o8eoqg. To <pco5 caori np6ro urpimoto nepi0trooq mr5 6rjo oxop6q
6qproupyo6oe 66o 16;.roro pc ioe5 oulv6rqreq ror lcopig <poorxrl 6rogopd. To 66o
Kuporo ouv66ollqv ror 6qproupyo6oov rrs gcDr€rv€s rqr ororerveg .rarvieg (ei6<olo
r<ov oXropcirv) 'ro oTror6,leopo 6qlo6r1 rqg oup6olrls mrlv rreproXrl rqg o06v4g. ,Hrov
q npcilrq 

''erpcporrrrl 
6v6er{q rrou 0q rA6vr(e ro r6po5 rr15 oco;ro.,.16rorrl5 6e<opio5

xor 0q evOdppuve rqv dllq dnorl_rq.

tlopdllrllo or perprloerg rrou rrrlpe rou err6'rperlov vq urroloyioer y rrp<brq gopd
ro pqxog r6porog rcrrv 6rorp6pcrrv orrrvoBohcirv. or rr;.165 rrou 6pr;rce ov 0,7.10-6 m
yrq rqv epu0pd crr<rrvo8olio rqr 0,4.10-6 m yro rqv ldl6q.

Yrroloyrop65 rou g xriporog. I-ro olqpro nopouoro(er.r prq ro;rq o16
e'nirre6o rcd0ero 16oo froopo 6oo rcxr mo 6rdgpoypo. H rdOeros oro e.nlrre6o
rou blorppdyporos oro p6oov O trls
S1S2 (oXrlpo) r6;rvel ro firroopo oro
oqpeio O oro onoio 0o Bpioxe.rot Kot o
(KevrptKoS) <porerv65 rpooo65. Av ei-
vor y rl qrroorqorl rou urr'opl0p6v <k>
rpco-rervo0 xpoooo6 qrr6 -rov revrprr6
KOI 11,r2 ol qvriorotx€g orroordoer5 rou
o116 rrg 6uo oXro;r65 (Sr,S2), 0o roX6er
12 -  11:  16| .

fldvco orrlv PSl Oearporipre €vo euO0-

t la

6rrigpcypo trtraoyo
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ypotr t ro rp4Hc PS1 ioo pre PS1. To rpq;rcr  S2S1 0o eivor ioo pe kl .  H orr6oTooq L
ovopeoo mo Erdcppcypo Kql 'ro rr6rcxopro e.ivor 16oo peydlrl oe oXf.oq p€ rqv
orr6oT ooq d:StSz'rrrrv 66o oXropcirv, cirore vq pog errrrp€rr€rot vo Oecoprloocrpe 6-n to
rpiycovo S,SiP ror S,SiS, eivor op0oycivro. loXuer S2S1Si:PQO:e. Iro tpiyrovo PQO
rolue r ecpO:y lL eva mo 'rpiyrovo SLSI 

'S2 
qp0:klid. Erre r6q or yorvie5 eivor nol6 prrp€.g

pnoporipe vo 6e10ofpre 6rl ecpO:11p0, on6re

y k l  , lL
t= d 

? Y=K,t

H-releuroiq e{io<ooq yro k:0,1,2,3,... pds 6ivel rrg O€oerg rcov gcorervcitv rp6oorov.
H i6ro rrofu eliocooq pqs o6qyei orov urroloyrop6 rou pqxou5 rriporog .rq5

qtrerrpo ;.royvrlrr KrlS c<'rrvo6olio5 rqv orroio Xpqor p orrol qoo ;.re.

l-lepiOluorl
Ko0cbg 6pror6poo're pr6oo oe 6copo-rro pre

ovorXr( r6pro eivor 6uvo'r6v vo o<ori; le
rq cpcovq ev6g cpilou rrou Bpiore'ror 6{co
o116 ro 6<opo'rro r<or prloer X<opig vo-rov
Bl6,noupe. Eivor r<d'rr oov o qlog vo norpi-
Beu rr1 yovio. Av 668oro o giloq Oel(oer
vo pero6r6doer 6vq orr' euOeiog <porerv6
pqvupo o'ro prdrro pog (pe 6vo cpor6 ylo
nopo6erypo) {6poupe npororo6o}r<d 6rr
quto 0q eivor pr<x ev6pyero po'rorq. To rpoq
6e cpoiveror vo <orpi8er,, rq ycrrvio.

Cr quorroi l lvc orr  oe evo ovorypc H€ rrq
6roorootr5 pros f roploS or qxqrKcg orr i -
veg orpi6ouv, rc q;r1rrx<r r<lrpcrrcr  i lcpct-
6ro(ouv rqv op1( rqq eu0uypoprpq5 6ro6o-
orls Kcxr ucpiorovror rq ley6pevq nepi0la-
oq. Au'ro oup6oiver errer6q or broorooerq
rou ovoiyprorog eiv<rr pr<porepeq qrr6 ro
pqro5 ruporos rou q1ou. Korr  ovoloyo
0o prrropouoe vo oupBel Kot ps ro cprog 61r
6porq oe ovoiyprcrro rdoo ;reyolcov 6roorq-
oecov. H rrepiOlooq rou o-norrri prro rropo
rrotr6 ;rrxprl oXrop(.

H nepi0looq eivor 6vo yevr16 ruprorrrc6
<porv6;revo ro orroio 6qprroupyeiror e<p'
6oov orrl 6ro6ooq rou r<upcrrog rropep6ol-
tretot €vo e;rn66ro rrou 6.1er rtrrroro oXropq
(ovoryl.ro). 'Orov ro nAo-ro5 rou ovoiypo-
-rog eivor plxp6repo o116 ro prqr<og r6po-
ToS Tropouorcr(eror o116r<hor1 o116 tqv

O re(69 6e 6l6rer ro go5 r4g Aopncrq, orjre rov

<'Ayro Booi lq, ,  orot ier ,  o;rcr ;g ro rou6o6vr rou To
qlqrrro rr i ; roro nopo6ro(ovrog ro eu06ypoppo rqq

6ro6ooqg, ncporapnrouv ro epn66ro
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prrpq oXroprl yiveror
6Xouv rorvo x6vrpo

IlepfOlooq 409

q onoio l6yeror nepiOlooq. 16;rrp<ovo ire rnv op1r1 Iluygens 11
nqyq beurepoyevcirv rupdrcov ro orroiq eivor o<porprro yrori
errroprrq5, pros Kqr ro dvorypo eivor rooo prrp6 rrou po5

errrrp6rreror vo ro Oecopqooupe oq;.reio. f l ioco
ouverrcirg o116 ro e;rrr66ro 0o 6ro6i6ovror o(Dor_
prro x6;loro pre <6vrpo to ovorypro, r<6prorcr
611lo611 pe rcuporrr<€5 orcriveg rrpog r<dOe rqre6-
0uvoq. H 6Iq err<o,,,o roo6uvo;lei pre ropo6i<roq
rns opxfS rr15 euOriypoppq5 6rd6ooqg. t lepi-
Otroor1 rruporrlpeirot Kot or rrepirrrcooq fiou -rio
xOpo cruvov'rd 6vo eprr66ro pe bloordoerq pii:
'rp6repeg crr6 'ro prlrog 16;roro9. Irl5 rrcpu-
geg'rou epro6iou q 6re00uvoq 6rd6ooq5, dpo
ror q poprpil rou rriporog, urpiorovror rporro_
nolqoq.

Eepi0laoq rou 9o1169. To gorv6pevo rropo-



410 Tq rri;rorc

rrlpeiror Kqr o€ q'.,ls, fiou fip, rrrifir€r rrqvco oe ovoiyporo q o6rorpovq ovttreipevo
rrou or 6roorooerg rous vq 61ouv p6ye0og tqg tdlrlg rou prlroug r0potog rou rpotoS.
To leux6 qtrror6 gcoq rord 'rrlv rrepi0troo( 'rou ugiotcror ror ovotruoq orrg
orrrvo6olie5 or orroleq (oul.tH€r6xouv, -6rr<o9 rrroreOoupe- o' qur6. H ovotruoq
ocpeileror oro yeyov65 6rr rdOe qrrrvo6otriq 61er 6vo n6r16 rqg, pqxog rOpatog pe
orror6treo;.ro vo urpio-roror ;rio rrepi0looq 6rocpoperrr( oe oX6oq pe rrq un6lorrre5.

H nepi0Aaoq rou rpcor6g eiXe yro npcbtq <popd rroporrlpqOei qrr6 tov l-rotr6

Grimaldi (l-rprpdlvl) ro 6ro9 1665, peprrd 6qlo6q Xpovrd nporori vo Ero;roprpcl0orjv
or 66o ovrr;ro16peve5 0e<rlpie5 yrq ro gcrlg. To <porv6pevo qrov yvcom6 '16oo oro
NeJrcovq 6oo ror mo Huygenes. Alld o Neurcovog 6ev n6r6rprve, p6oo qrr6 qur6 ro
rporvo;.revo prq KUporrK( Oetopicx yro ro <p<og. 4116 rqv dllq nleupd o Huygens
nop6}o nou enrv6qoe rqv nohi €lurrvq ro'rooxeu( (ApXq Huygens) yro rq 6ro6ooq
'rov rupdrcov ror ev<ir -oqpepo ovoyv<opi(oupe 6rr- 0o ;rrropouoe ecpopp6(ov'rdg
rrlv vq eppqverioer ro pumqprcb6eg r6're <porvopevo trlg nepiOlcoqq o i6ro5
o6rocp6pqoe Kor ouolqo'rlrd 6ev ooXotrq0qxe pe ro gorv6pevo our6.

H g6orl rou gor6s (B)

19og orcbvag.
H KUFqrrK4 0ecr lpio Kuprqpxsi

O Young eile rreioer rov equ'r6 rou 6rr ro q<rl5 €Xer Xoporrqpo xuporrx6. Auro 6e
oqpolver 6rr roro<pepe vq rreioer Kqr ro €firorqpovrK6 xoreorqp6vo rrls erroXqg. H
6qpooieuoq rqg epyooiog rou, evdr fyrve pe qtrlo rcor rrerorr16 rp6ro, npordleoe 6Xr
p6vo orro6orrpooieg otrtrd xor ndpo n6,po ovrr6pdoe r5 oe errfrrebo eptrory;lori. 'Hrov

ro ovcrTr6rgeu<ro ripqprq rrlS rrpoocorrrxqg r-ou oOy<pouorlS p€ rq Neur<ovrr(
quOevtiq. M6oo oe ero'r6 Xp6vro q Neurcovtxq errcrvcrorooq eiXo npold8er vo yiver
ro0eordlq.

Iro Xp6vro rrou oxolo60qoov q rrpootrcOstq yto rq orqpr{q rqg xuporrrcq5
Oe<opfog evroX60qre p€ rn oupps'roXq rou Augustin Fresnel (Auyoumivou tDpev6l
1788-1827) ev65 l-ollou errrmqpovo pe o[r6loyq iroOrlprorrrq ro'roprrorl o onoio5
ouvepyoorqr€ p€ rov Young .rrop6tro fiou ol 6rocpoperr169 norpi6eg roug ouv6.Borve vc
Bpioxovrcr oe eprrr6lepq ro'roo'rooq. Me ro ovo;rcxor6 rou rreipcxpo ro orroio
'nopouoiooc peprrco Xp6vra opyorepo (1821) on66er[e xr our6g 6rr -ro rp<o5 rropouord-
(er rporvopevo ouprBolqg. Iov rporerv6g rr1y6g lpqorponoiqoe ro 66o €6<otro plog
povoxpopqrrr(9 trqyrig ndv<rr oe 66o r<<r0p€<prrs rrou o;qpdrr(cv yroviu nepinou 180
porpcirv. To 66o ou'rd ei6<olq pnopouoqv vo 0eo-rpq0o6v oqv 66o o6prpcoveg nqy6q
ror<il lqleg vq 6<i.roouv novor oe pro o06vq rpoooorj5 oupBotrqg. Ie ovriOeoq pe 6,rr
eiXe oupBe[ 20 1p6vro vcopirepcx pre rov Thomas Young, q erri6er{q 'rou v€ou rrerpdprcrrog
6tetoe rous fisprooor6poug enrorq;.rove5 ytq rrlv ruporrr( rgOoq rou <p<rlr6g. I '  suro
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6.rror[e oqtrrovrrx6 p6lo ror o oe8oop6g rrou ev6rrveqv or po0q;.roT 116,5 yvcboerg rou
Fresnel.

l6rcrirepo oq;rovrrxq unqp€e errioq5 11 oupBotrq rou Frensel Kqr orq 0e<oprlrrxq
ep;.rqveio rqg nepiOtrooqg. Evoproq rrepirrou qrcbvo pe'rd rov Huygens 0o n6rorpiver,
p€oo mo <porv6;revo rqg repi0looq5 our6 rrou 6e,v prr6peoe vcr 6rcrpiver o Huygens,
6vo roXup6 6qlo6q cnrXeipqpo yro rrlv xu;lorrxq rp6oq rou <pcot65. O i6rog trotrr 0o

lpqorponolr;oer orroreAeoporrrd rrlv opXq Fluygens yrq vo ep;rqveuoer oecrlpqrrrd-rqv
nepi0trooq. Iqpepo rl qpxn ourq ovocpf.pcror Kqr <rls (opxn Huygens-Frensel>.

Mnoporipe vq fioup€ 6rr xqrd rrlv rrpcbtq ErKoorfi€vrqrriq rou 19ou orcilvo q
orroqq yrq rrlv ruporr<r1 (puoq rou <po'r6g 66X0qxe pro <il0qoq orrorpoormrrrl. To
yeyov6g eivor or1;rovlr<6 pre rqv 6vvorq 6rr qrov q trp<brq rpopd nou pro NeuTcovrrq
dtroqrrl 6eX6rov f.vq 16oo roXup6 xlovrop6 pe refu16 onor6.leopo'rqv olortrrlptotrrcq
rqg ovorporrq. H Korvouprq Oecopio ovorrr6l0qrr Xcopig rq ogpoyiEo prds
ou0evriog.

Tqv f6ro rrepirrou enoXq q ovoxdloqq ror q ;retr6rr1 rou cporvo;r6vou rrls rr6looq5
rou <ptor6g evioXuoe o16;.ro rreproo6repo rqv rcuporrrq Oecopio ror 66el{e 6rr ro gco5
61er Xopo<rqpo eyxdporou xdyarog. T6ooepr5 'nepi'nou 6exoerieg opy6repo o
Maxwell roXupiorqxe 6rr ro gog 6ro6i6rrqr pE r6poru rq5 i6lcg popg4g pe ra
qlexrpopoyv4rrxd.

20og qrd)vqs. To 6i lqpp0
,{116 rqv ouyq rou er<ooroO qrcirvs q cr.rrogrl ytq rrl o<rlporr6rorq g6oq rou <por,6g

6rqve rqr rrdh rqv eprpovroq rqs p€ 6vo 6pcog rrp6orotro cvrel6g 6ro<poperr<6.
H exrropnrl r45 uxrrvoGoliaq xol ro quantum ov6pyelug. To Ae<6p6plo rou 6roug

1900 €vo5 peyolo5 feppov6g rpuorx65 rqg eno1q5, o Max Planck (MoX Fllovr
1858-1947) €rove -rq'rd rq 6rdpxero ev6g ouve6piou- plc oqpov'nxrl ovorcoivcoorl ;re
rrlv onoio dvorye 6vo rorvoOpro recpdtroro rqg rmopias rrls quotKq5. O Planck
crvo<oivcooe 6rr oO;rrpcovo p€ rous 6rrorig rou urroAoyroprorj5 rc <rropd6o{o>* rrou
rropouoio(e -rord rqv erroXrl ereivq- q errroprrrl oxrrvo8o).iog, 0o ;.rrropouoqv vd
eppqveuro6v, oprcei rovelg vo nopo6eX6rov 6rr q qlerrpopayv4rlr{ oxrlvo8olio
exrr6prrercr (x<n urroppogdror) ;r6vo xord rp6rro oouveXq. Oo prroporiaqp€ vq
npe'rogpdooupe) rov roXuprop6 rou l€.yovroq 6rr q exrroprrq or<rrvo8olioq yiveror pe
rp6no nou Oupi(er moy6veq nou Byoivouv qn6 6.vo o-royov6psrpo. H rreprypocpq
6pco5 rrlg oouv€Xelog €.yrve ono rov Planck orrl yl<booo 'rq5 ev€pyelo5. Er<nopnq
qx'rrvo6otrios fipqypqrorroteiror p6vo erp' 6oov ouprrtrqpoOei 6.vo opro;r6vo €v€py€to-
16 rroo6 ro oroio -Xprlorponorrbvroq pro trorrvrrq l6Eq- ov6pooe quantum
ev6pyerog. Arrlorror<bvros rrlv ovo;rooic rou 0q ro l6pe xBdvro ev€pyerog. 'Olq ro
errre;.rrr6pevo r6dvrq pros fr()\,oxpcr-r;rorrrrlq orrrvo6oliog eivqr ioa ror o6rclpero. H
ev6.pyerc (E) ro0ev6s o116 qurq e{oprdror p6vo o116 rq oulv6rrlro rrls oKlvo6otriag

x Korq ro r6trq rou rrepoop6vou ot<irvo opxeroi rpuorxoi err6rcirrovrqs vo lprlorpronorrloouv rq ororrmrxrl
p60o6o rr15 Oepyobuvcprxrlg orq pelirrl r4g rrrop'nqg oxrrvoBotrioq eilov o6r1yr10ei or oupnepdoporo
opoloyoup6vrr.rg nopd6o{o,
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ror unoloyi(eror potrroro qrr6 ro yrv6prevo rqS ouX/orrlroq (v) eni ;rro moOepo (h)
ioq npo5 6.55.10-r1J's. 11 onoio opy6repo ovopomqxe oroOepri rou Planck. H
e{iocooq E=hv excppq(er ourov orpr6<il5 rov urroloyrop6.

fro vo xorqvorlooupe rqv ro{r1 peydOouq rqq ev6pyeroq ev6g xBovrou opxei

T-t l^ ^ _ vo orr<pooope orr q cvcpyero evoq r6ovrou npoorvou gclr6g eivor ior l  pe rqv
E - nV €v€py€ro nou onoxrq 6vo qlerrpovro errrro;uvopevo perc{t i  60o oqpei<rrv

pe 6rogopd 6uvoprro0 rprd-lv nepinou 6olr.

H 6ro6oo4 rqs qKrrvo8olioq xar ro gtor6vlo. f16vre 1p6vro qpyor€pq (1905) o
Albert Einstein enr6rcbrovrqs vq Edroer pro eppqveio mo ove(qyqro p6Xpr r6re
g<oroqltxrprx6 <porv6pevo npo'rerve ;rro nopon€po rrpod.xroorl rqg opXrrrl5 un60e-
oqs rou Planck. Ytroarrlpr{e 6rr q xSovrrxrl 0e6pqoq 6ev ioXue ;rovo xord rrlv
exnoprnrl rou rpcor6g (qrrrvo6oliqs) qi\^CI xqr rqrq rq 6ro6ooq rou. frq rov Einstein
roro rq 6ro6ooq rou cp<rrro5 onco5 xor ro0c qtrerrpopoyvqrrxo0 r0poro5 q
orrrvo8olo5 ev6.pyero 6ev 0q 6rrperre vo xorov6,perqr pE oporopopgo rp6rro oro
p6r<lrro xupo'roq, oncog 6eX6rov q <loorrq Oeopio, ohlo 0o 6npene vo eivor
evrorrropr6vq o€ ouyKEKpr;revo <nox6rq, evdpyerqg. H err6vo B66qrq fiou pqS
rrporeiver 6ev o;eri(eror Fr€ rrs xo0q;.reprv65 epnerpie5 pog. Efvor oo vo 6eX6pqme 6rr
xo0ci-lg 6vo Oolqooro xrjpo <o<oer> rrovco oe ;rro oxrq, ol6xlqpq q ev6.pyero rrou
perogeper onopporpotor qrr6 6vo p6vo Borootro. I0pgrovo pE ro Kqrvo0pro povr6tro
r l  tVtpYt l (J proq qr(r)r t - |vqq (rK1 rvoq otrVrr0€-rcr  ( r f ro prh.peq 6rrrr . r r .prpeveq TToo() l r l r€s
(x6rcxoug) xo0e pio o116-rrg orroieq eivor ioq Fr rrlv rv€py€ro ev6g xSovrou. To <8qvro
rpcorervrl5 ev6pyero5 ovopomqre tpor6vro ror q dnotl.rq 6l 11 (rltrerrpopoyvrlrrxq)
orrrvo66log ev6pyero eivor (orrco5 ror ro qlerrpr16 goprio) xSowrop6v4 oplroe vo
errr r porei ,

Me rq 0ecopiq r<rrv (pcorovi<ov 660qrce prq rKqvofiorrlrrxrl e[rlyqorl oro goronlerrpr-
xo <porv6pevo. To <pcor6vro oplroe vq OE<opEirqr <og prrp6roro oo;lori6ro ro orroio
6rog6per on6 6lo ro urr6lorrrq xoro ro 6rr q pd(o qpeprio5 rou eivqr pr166v. To

;rrrp6roro ouT6 oco;rori6ro prnopei vo 61er elolrmq oX6or1 pe ro ocrrpori6ro cpcor65
rrou eiXe rpovromei o Neurcr-rvog, eivor op<og oto;rori6ro.

To (en6pao;ro rv65 6rtrr1pporog. To rqr-
vorpov65 morXeio rqq v6og Oecopio5 eivor
orr 6ev qpv€irqr rqv KUHorrKrl <priorl rou
<pcor65, 6ev oyvoei p' ollo tr6yro 6rr ro
rpcoq 6ro6i6erqr t l ls  qtrerrpopoyvqrrro r0-

Hq. AS prl €eXvope 6rr yro rov urrotroyro;r6
rqg evE.pyerog (E:hv) ro0e gcoroviou rroip-
ver urropr; rrls rrl ouXv6rrlro rou qv-rio-ror-

Xou qlexrpopoyvqrrxo0 x0poro5. l - rq
npcbrq gopo ro 6ilr1p;to uo<r;;rori6ro 11
rf po, rgoiverqr vq {errepvr6.ror. H orrorJ.rq
nou rnrKpqrei  p6Xpr ror oqpepo qno6i6el
oe rdOe oxrrvo6olio, pro 6rrrq urr6orooq .
H qrrrvo8oliq qrroretrei ;rro utrrrq ovr6rq-
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ro q orrolo oe oprop6vo cporv6pevo er6ql6ver r6qvtr16 Xoporrqpo ev<.b oe oMo
er6qtrcirver rupo'rrrorrl'rq. 'Orqv 11 or-rrvo8olio ollqtrerrr6pd pe rqv rilq orrrog
ou;r6oiver oro qcoroqlerrprr<6 <porv6pevo ytq vq rreprypcrq,'oul-l€ rq oup:rsprrpopcx rq5
etrxotroupoore rqv rBovrr<q (<p<orovrorq) rqg un6orooq. Ie <porvopevo ndh on<rlg q
oup6olq rcr q rr6lcooq eppqverioupe rn oupfieprrpopd rqg cxxrrvo8olio5 errrrotroupe-
vor rnv ruprorrrq rq5 urr6orooq. H cp<r;-rovrorrl (oouveXqg) popqn ooo ror q
ruporoer6qg (ouveXrl5) popqrl 6ev snorelouv nopd rrleup65 rrlS rrpoyporrr6rqrog q
orroio p6oo qn6 ro <pilrpo r<ov ov0pcbnrvo-rv oroOqrqpicov <or rqg ytrcbooog po5
yive'ror ro crtrlorcop6vo fvc,ror6.

To grog xor q 6oprl rou oroyou. Koro ro Xp6vro rrou oxoAorj0qoov rl €pcuvo fiqvo)
oro ouooopeu;.iEvo rrerpopo'rr16 ufuxo <il0qoe rq 0e<opio ytq rqv errro;rnq rou rp<or65

vq (ouvqvrrlOei, pe tq 0e<rlpio yrq rrl 6opr1 rou o'r6pou. 'Evo srr6 -ro rrpcbro
crrorel6.o;toro rns oouvdvrqorlSr qrov Kqt rl fiqp61rdr<o Qe<ilpqoq: Irq ouvqQq
rcoroo'rooq roOe qAer<rp6vro rou ar6pou Bpioreror o€ ptq ouyrerpr;r6vq rpopd. Av
rdrrorq e{coreprr( orrio 'rou ;rero6r6doer prcr rroo6tqrcx ev6.pyerog, 'ro qlerrpovro
eyrototreiter rqv rpoXro rou Kqr peTocpf.pe-ror oe rpoXro peyal6repqg evipyerog. To
rporv6;.revo l6yeror 6rfyepoq. H nopouoio 6;ro19 rou qlexrpoviou orrl v6,c 'rpolro
Eropxei eldlroro Xp6vo. Irq ouv€Xero errov€pXeror mqv oplrrq rou xordorooq
qrro8sllovrcs rqv np6o0erq ev6pyelo pe rq popcpq €v6S qoroviou.

-F ar 
-r q^CIvT(|)oq oTqolFou KuFqTos

Oc ooXolq0oupe rdtpo pe pro erbrrrl rrepirrr<ocrq oup8oAq5. Ario oppovrxo
K6pqro rou i6rou nloroug Kqtrr ls i6raq oulv6rqros 6ro6i6ovrol  rord pqrog
rou i6rou d€ovo x'x. Zqroolte vo npo6l€rpoupe 0ecopqrrrd ro orror€leopo
rqg oupr6olrlg rov 6rjo ou-
rdrv xuporov.

A5 Oeorpqooupr 6rr r0
6uo r0;.roro eivor eyr<cporc
Kor 6Tr or rotrqvrd)oerg yi-
vovTql oro i6ro crrlne6o.
Oeu-rporipe slriorls oS 0pX4
rcbv o{6vcrrv 6.vo or;;.reio O
yru To ofioio utro06l-ou;-re

, titlul;
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6rr q rotrdvroorl rrou exreleil6ycrr rou rrpos rq 6e€ro (ox{po) 6ro6r6opr6vou

r6potog rreprypdcperol ps rqv e{iocoorl x:xsrlpot xor tr6y<o rou rrpos Tq

opro'r€pd 6ro6r6op6vou xri;rcrrog neprypdrperor p€ rrlv e{iocooq x'=xorlHttrt'

Aur6 oqpoivet 6rt to oqpeio O errelei rqv roldvroorl €,=2x0rlPtrrt FIe ntrdrog

611lo611 6rTltrdoro o116 ro <xe>. Oe<opofpe rcbpc 6vo ruxoio oqpeio M rrou

Bpioreror rrdv<o oro oerrx6 qprrd{ovo 6e{ro 64tro64 on6 ro O (oxqpo) oe

on6orooq *x ot6 our6. A6yco rou fipos ro 6e€rd 6ro6r6op6vou x0poroq 11

rivqoq rou M 0o Treprypogerot oT16 rqv e{iocrlol xr'a:xorlFco(t-x/c)' H

e{iocooq exrppd(er to yeyov65 6rt oe xdoe Xpovrr{ orryp4 ro oq;'reio M €Xer

rqv onopdKpuvoq rrou eixs'ro oqpeio o 1Tprv crr6 1p6vo x/c. A5 6oripre rot

fi(Ds slTnpsCl(erc,r q rivqoq rou M tr6ycl rou fipos ro aprorepo 6ro6r6op6vou

rripcx'rog. To xripo our6 Eqproupyei oro O rqv xivr;oq x':xorlFot' A6yto

ouro6 rou rtiporos ro orlpeio o 0o TTp6ner oe rooe orlYPn vo 6xet rqv

oropdrpuvorl rqv onoio eile ro M nprv oT161p6vo x/c. Auro oqpoivet 6rt qv

q e{iotloq xivqoqg rou O eivor q x'=xorlFtot, q e{io<r;oq rivqoqg rou M 0o

rrp6trer vo ejvcrr q xnr:xuqpo(t+x/c). To oqpeio M ouptrrercxer 6por5 KOl orls

60o rrvqoerq pe ouvfnelcr q e[ iocoon rqs r ivqoq5 rou vq eivot

€:*ri*r 4 €:x'rlFrot,-l ) +*utlp.(t+ f,)
Av x6voupe rr5 trpo{erg 0o rrpox0rper

E:2qouv(+)np-t 4

€:Anpcot pe A:2cou"(+)

H e[(or.uo4 outq po5 srroro]6rrrst ort
6tro ro oqpeio tou p6oou exretro0v qppovl-

x65 ralcvrcboerg pe rrl<irq ro orroio e{op-
rcbvrqr o116 rq Oeoq roug.

l-lp6xertot ylo pto r6ra(repq rordoroorl
rqlqvrcboeo)v rcDV utrrxdlv oq;reicov rou p6-
oou rord rqv orroiq 6ev perc6t6d(eral
ev6pyero 6ev utdpXer 6r1lo6q ro 6ootr6
yv6propc ev6g rfporog. H rorofioorl ou-
rq tr6yeror orqldw@oq otdorpou xOpcrog>
r1 crld (orootpo r0Poo.

Avdpreoo ma or1;reio rou eloottro6 pr6-

oou 6rorpivoups o4;reic ro orroio 6rotq-
po0vror ouveldrq oxivrlro rol tr6yovror 6e'

o;.roi. Arcxrpivou;re errioq5 rrg trey6pevss Kol'

lfeg, Xoporrqprorrxd 6qlo6q orlpeio ro

orroio rolovreOovror ps ro peyotrOrepo
rrloroq (2q) crr6 6lo rq urr6trotrrq.

\AAA

t= 1r/12

t=5T112
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H e{ioo:oq A:2qouv(orx/c) errr$e6qrcbvel rqv rinop[r1 6eoprd:v Ktrl '(oltrtd)v
Kor FqS errtrp6,rret va crro6ei{ou;le 6rt

o) 11 cn6mooq 60o 6ro6opr<bv 6e-
opcilv -6ntos Kol q orr6mooq 60o
6ro6oXrr6v rottrtdrv- eivcr mo0epq

'ror iorl Fs ro Fro6 (l/2) rou prtlxouS
ro0ev6g o116 tq 60o oup8dMovrs
r0poro.

B) q on6oroorl xd0e 6eoPo6 on6
rrlv err6pevq rollio eivot mq0epq rct

6roprcbg oe ovri0eon qdons.

.'Olo r0 ficpqrrdv<o roX6ouv Ylo
rfproro eyrdporo. Mro ovdloyq rord- Jr

ros o€ <eprr66rou *":ln ouvcr6lou0q 
ro*sr

ovdxlooq Tou. Ko0<ir5 ro fiPoS ro
epn66ro 6ro6r66prevo xripo oup6dtrtrer 

\ps ro qvqd\d:prevo, 6rlproupyeirql rs-
ldvt<ooq ordorpou r6Po'ro5. r.Mr

'Olo ro rrcporrdvo roX6ouv Yto
rOporo eyrcporo. 'Evq qvdtroYo gql-.
v6pevo oup6diver Kqr p€ 6rop1114 16-

r#{J 
\
rd;ro

\

. \F+++rF

p0ro.
Ie ndpo noM6S neprrrrciroers rl Topoyroyrl ;rouorrci:v fxrov orpeileror oe

rqtrqvrd)oerg mdorpou r0po'r-og. T6oo mqv rrepimr<ooq ev6g 6rofumr1

ootricrro oe pouorr6 xowo6pro 6oo rqt orqv rrepirrrooq ev65 6rolrr(11 nou

rrqi(er oe rrov4y6pr vc{tdrrrxo, 11 Tcldvrcooq crrdorpou rfporog eivot 11

povo6rrq nrly{ rou nopoy6pevou qxqrlKo6 rriporog.
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Avdrlaorl
Exr65 o116 oprop6ve5 ouro66vo;reS nny6S -ovdpeoo orr5 orroieg o r]fuo5, q cpl6ya,

q rruyotroprri6q rqr ro fiupoKrop6vo vqpo rou qtrerrprroO loprrrqpq qrrorelofv

XopoKrqprorrrd nopa6eiyporo -rq rrtproo6repo uwrxtipeva ro Sl6rroupt ener6tl
qwavqrlodv ro qtos rrou rr6rprer rrdvor rou5. Kd0e <popd fiou ro cpcog r6,<prer trdvcr>
oE prq errrcpovero rqrd 6.vq rroooor6 ovrqvqrctrdTor orrcrro6(rrore.

H ovdrlooq rou 9<o165 ndv<o oe er6rx6,5 oroTorrrprr6g> errtgdvereg 61er oo
ouv€rrerq vo 6qproupyo6vror ei6olq oqv qurd rrou Bl6rroupe p6oo arr6 roug
xo0p6rpre5. O Noprrooo5 rq5 etrlqvrxrl5 pu0otroyio5 ep<ore6rrlK€ p€ nd0o5 ro i6ro
rou ro ei6colo nou 66lerre vo ro0perp'ri(eror mo orivrlro vep6.

Or v6por rns qvdrcIooqg
Tperq rrepinou orcbveq rrprv o116 ro Xprm6 o Eurtrei6rl5 rropouoiooe pto

rreprypo<pr1 rqg ovdxtrools os <ylcirooo yecrlprerprxq>. Ie 66o o116 ra 6pyo

Tou -orq Onnxa Kor oro Karo'rrtptx6- rropouord(€Tor ro povr6lo rqg
rporervrl5 oxrivog ro or-roio o16;ro ror oqpepo ouorelei 6oor16 epyoleio rqg
leo;rerprrqg Onrrrqg rqg errrorqpqg 6qlc6q rrou Xprlorponoteirq teotperpio
yrs vo rreprypoger rrl ouprreprrpopd rou rpor6g. Lra, Kqrolrrprrc* epgovi(e-
Tor KCxr 6vog <v6;ro9) yrcT qv avdrtroon rou 9o1169. frq vo errol40e6ooupe
ro v6po <xur6 rrerpo;rorr<d, lpero(6pome ;rro lerrr4 rpcorervrl 66opq q orroio
0q qrroreldoer rqv errt6ttox6prevq npoo6yyroq oro trrovr6lo rqg <crrivoq
rp<or6gn. Xpqor;rororo6pre eriorls rnv errrcpoverc ev6g roOp€grrl Kor rrs
€vvoreg yarviu rrp6orrrtooqs Kqr ytovia cvdrlco4g. H npcbrq o'n6 our6q eivct
q yrovio rrou oxnpoil(et q npooninrouoo lerrrrl.66oprq (oxrivo) p€ rrlv

roOero orqv ovoxtrrboo rororrrprr4 errr<pdvero. H
yrr-rvio rrou 0q 6qprroupyeirqr o116 r-qv ovcrctrcbpevq
orrivo Kor rnv i6rcx rcqOero eivor q yovic ovortrooqg.
To rreipo;ro errrBe6orcbver our6 nou roXup[(erot rot o
Eurtrei6qq orcr Kqronrprrcd. H ytovia np6orrrtooqg
eivqr rrdwore ioq pe rq yrovia"cvdrlaoq5.

,{116 ro i6ro 6;roq rre(popo crropp6er xor 6.vq ouprrr6.-

/oopo ro onoio nollo6g orcbveq opy6repo eurorlpoi-
vsf orq Atorrptxq rov (Dioptrique, 1637) xor o Kopr€,-
orog. H cvcrldrpevrl axrivc Epioxetar rrcvrore oro
arrirre6o np6onrtoons oro enirre6o 6qlo6q nou opi(e-
ror qrr6 rqv fipoorrirrrouoo qrrlvo Kor rrlv rd0ero
orrlv Kqrorrrprxrl enrgoverq.

ye 2lII>0r>0

Av 0r:g ov 611lo64 ro go5
rrpoon6oer xdOero or4v
ovor lcmrr(  enrgovero,
0o eivot Kor ei=Q To rp<og
0o qvaxlaorei ucprmd;.revo
ovrrmpo<p{ rnS qopds
TOU.
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KqrorrrprKrl qvdrtrooq Kqr 6rdXuoq
H ovdrloorl 6p-S orous xo0p6rpreg eivor 1.rro er6rxq repinrcrrorl qvdxtro-

ons rnv orroio prroporipe vo XopoKrrlpi(oupe xarorrrplxrl. Mro crroxtrermr-
ro r6.rorou ei6ou5 ovdxlooq oup8oiver e<p' 6oov q ovorlomrrrl erncpovero

Arcrluorl Kcrorrrprxrl cvdxloorl

H oupneprgopo ;rroq nopoltrqtrqq g<rlrervrlq 66opr1g poq Borl0der vo xcrovorloouperq 6rogopo ovopreoo oe
6rdXuoq xcr xcromprxrl ovorAooq.

eivqr qrrolOrog leio xor orrlrrvq. 'Otreg 6por5 or errr<pdvere5 €.Xouv xdrrote5
ovco;.rotrieq Kor ol rrpoorritrouoeg axriveg ovorlcbvror rrdvcrr orlg ov<o;rotrieg
our6,g. Kd0e rp<ore rvrl orcrivo urrqro6er orous v6poug rq5 ovdrtrooqg, otrlo q
ovcxtrdrpevq <porrervq 66opq ep<povi(etor
va 6ro1d:erot rrpos 6treg rrg roreuO6voetg
pe ouv6rreto vo <pOdvouv <p<rrrerv6g orriveg
mo ;rdrrc prog ove{oprrlro arr6 ro pre
rroro yrovio xorrd(oupe rrlv etrrrpdvero. H
yevrxq aurr; rrepirrooq cvortrooqg rou
cp<rlr6g qrroretreiro garv6pevo rng 6rdXu-
oqg Xdm oro olroio ;rrropo6pe rqr B16-
rroup€ rc erep6gorro odrpara. Ar6po ror
orrlv rno leio errrgovero 6vq rroooor6 rpor6g 0o qvarlqorei 6rdXuro.
Mrropo0pe 6pcog vo 61ou;re pio rxovorrotqrtro rcrorrrprrrl ovorlooq erp'
6oov or ovcrlpolieg rrlg errrrpoverog 6Xouv p6ye0og rqg rd[qg tou pqrouq
x0porog rou XprlorForroro6pevou <pcor65.

Ef6cotro qrr6 qvdrtrqorl
Kord rrg rorotrrprrd,g avad\do€ls oxrlpCIri(ovror, 6rro5 eirrcpe, Kqr rq

treyo;revo ei6cotro sno qvoxlqorl. Iro rrtrq(oro rqg nopa6oorls rrou 6qproupy-
yrlOqxe qrr6 ro 6pyo rou Eurtre(6r1, pnoporlpe vq r€prypdqroupe ro
<porv6pevo oe yl<irooc yeoprerprrrl.

frq vq xorovorloou;re 6;rog xotrOrepc ro 6lo 44rnpc Xperd(erar exr6q o116
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rqv 6.vvoro rrls qcor€rvqg oxrivog vo qrrooqgqvioou;re Kor rrlv rvvoro rns
grrrrervrl5 66opqg.

Otorrrvrig 6€opeg. Mro rp<orervq 6€opq eivcr 6.vq orivoho <porervdrv qxrivcov.

Ecp' 6oov or orrivtq q or yecrperpr16.9 rrpoarrooerg'roug r6pvovror 6leq oe 6vq
oq;reio, 1166opq Xopoxrqpi(€rororryporrrq rorro oq; ieio or iy;ro (emio)rr lq
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66oprq5. Mro orryporrxq 66opq 0o eivor anoxlivouoo s9' ooov ot oxriveS

rrpo€pxovrot qrr6 ro oriypo (eorio) rqg 66opq5 11 ouyrlfvouoq t9' 6oov ot

A-.<v7
Anoxiivouoo 66op4 Eulrllvouoo 66oP11

->.--
--+-
--+----+-
--+-
--+>-----=)>------+-

f lopdMqAq
(xuhv6ptxtl)

66op11

dKriv€S Kqrsefvovrqt Trpo5 rnv eoriq rrl5. 'Orov mo qvepcbrrlvo pdrl

rrpoorr6o€t 66opq qfioKlivouoo, o rrdporqprlrns erlap8dver trrs (Porslv6

oqFeio rrlv sorio rns. H ouyKhivouoo 66opq Yiv€ror ovrrln.ITr4 0fi6 rov

crv$pono ft€ rn Borle€rc sv6s rr€rdopcrrog (o06vqq) rorroOtrqP6vou orrlv

€oriq rrls. To rpog (sorto(,€l) rrovo oro fi6roopo Kol 6lax€€Tol, orr6T€ crrov

fiopqrrlprlrrl 6qSrroupyeitor q Gvrl^nq,n q(I)r€lvoo oriYpCIros rldvcD oro

116.10oF0.
Mro er6rrcr1 n€pi1Tr(l)orl ortyljCIrtKns 66opq5 rl ofioiq 6ev ro'roltope(Tql o0r€

orrs ouyKlivouo€S 06rr ml5 ofioKtr(vouoss €fvot q KUIlv6plKr'1 (nclpd)'iqlr1)

66opq cpc.,:t65 r(5 orroiag 11 eo'rio Oecopeircr oro drretpo'

or rp<rlrervtq r6tro5 66opeg fiou 6€v eivor orryporrK6s XqpCIKrrlpi4ovr0l 0)s

cmry;rorrr6,q.
Errlne6q rcrorrrprrq flrgdv€ro. Ag <povrooro6;re 6vc (poretv6 orlp€io A

;rrrpoo-rd oe xoop6,rprr1 (xdrorrrpo) errirre6o roocb5 rct €vcv rropcrqpqr(. To

rp<lrerv6 orlp€io A orroretrei torio qfioKtrivouooq 66op4q. KdQe orrivCI rqs

66opqg rlou rrpoorrirrrer mrlv errl(Pdvtlq ovoKldTsl oupfi€plqep6p€vq p€

unoxorl fipo5 rous v6pou5 rqg ovoxloorl5. Oe<opo6pe (oXqpo) pro arro lt5

avoxldrpeveg our6g orriveS. tD6pope K0l Tnv rd0ero Ax trpogto etlrre6o rqg

ovoK^qorlKq5 enrgovelos. Av ouv6uq-

ooupe rous Yvooroos v6pous rr ls
avdrtrcorlg F€ crXerr<d Oecopqporcx
rrlg Eurtre(6sldS [scrrperpiog prropoupe
vo an'o6e i{oupc 6rl rl Ye(l)p€rplKrl
rrpo6Krqorl 145 ova xl<irF€vrlS o rrivo5
(R) r6pvsr rqv xd0ero Ax oro orlpeio A'
rrou €ivol oupr;rerprt<6 rou A tos rrpos
ro €rriTT€6o rrls KororrrplKll tfilqo-
vrrqS. Iro errirre6o rrp6orrrcr;on5 (crXll-

Fq) oro orroio ovqrer rcr 11 ovoxldrpe-
vq oxrivo R, toX0et

a) 16pcptovq pe ro v6po rr15 qvdxlq-

oqg 01:0{

//// /
- /  . '

/ /
/ r '

'.. \
\ ' f - - - -L--- , / - - - - - - '
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6) A6ycrr rqg nopoltrqtriog rns AA' pr rnv rdOero mo oq;reio (I)
trp6orrroroqg 01:IAA ror 0i:14'4.

4116 ro noparravor ouvoye'ror 6t' 1pu4':l{'A. To rpiyrovo IAA'eivqrtrorrr6v
roooxetr6q dpo ro 6q;og IH 0a eivor ror 6rcpeoog. Kord ouvfnero ro A rqr A'
eivor cog rrpos rnv enirre6q erngdvero oupperprxd.

'Olo ourd orpopoOv orqv ruloio cvoxl6prevq orriva dpo xor oe rdOe
oxrivq ovorcIcirpevq. To loyr16 oupn6pcopo eivor 611 6treg or ovcxtr<b;.reveg
orriveg 0q ouvroroOv 66op11 onortrivouoo pe eorio (A') q orroio (i)
6qproupyeirqr arr6 rrg npoexrdoas rous rar (ii) eivor oupperprxq <og fipos ro
gorrerv6 o4peio A. H 66opr1 ourq 0o 6qproupyei orov rroporqpqr4 rqv
ovritrqr.,trq ev6g e r6cblou fiou 6piorercr <trioor, o116 rov ro0p6cprq ror l6yeror
rpawcorrr6 eiOtllo rou (por€rvof oq;reiou A ro orroio orqv rrpoKerpr6vrl
rrepfnrcoorl orrorelei 6vo rrpuyporrx6 cwrreipevo.

Ecp' 6oov ro cvrrreipevo 6Xer 6roorooerq, 6ev
eivor 611lo6q oq;rerc16, ro (povroorr16 ei6oltro
ro0e oqpeiou 0q Bpiorercr oe 06oq oupF€rpr-
14 oS fipos ro oqpeio or-16 ro orro(o npo6ple-
r0r ro qos.

To p{vupo rrou p€ro(p6per ro ovaxtrcbpevo
q<os oro pdrr rou fiqpqrrlprlrn eivor 6rt
eiSotro eivor (KorofirprKd ouprperpr16> tos
fipos ro ovrrrceipevo. 'Orqv 6pe0oritrre Ffipo-
ord oe errine6o ro0p6<prq ro ei6otr6 pos
potd(er 66.6oro ;re our6 rrou ei;roote. Av 6;r<og
Oetrrlooupe vo oqxdrooups ro oprorep6 ;roq
X6pr, ro ei6<rll6 pog o0o oqxciroer> ro 6e[( X6pr
TOU.

Igarprrq rcrorrrplrr; ernrpdvero. Av q xcro-
rrrprxr1 errrcpdvero eivor ogorprrcq* ro qovro-
orrx6 ei6orlo 0a eivqr prxp6repo r1 peyotrOrepo

crr6 ro ovrrrei;revo, ovdloyo H€ To ov q ovdxtroorl rou <p<rlr6g yiveror oe
errr<pcvero ruprq q xoilq.

Iro ruprd orporprrd rdrorrrpo ro e'i6orlo ev6q rporervoO ovrrrertrrivou
olqpcri(ersr ndvro rpovroo'rrx6 olld ;.rrrp6repo oe p6ye0o5 srr6 ro
ovrrxeipevo.

Iro roitro ocpcrprrd rdrorrrpo ro (pqvrqorrx6 ei6rotro, ro orroio 0o
prroporioope vo 6oripe p6oa o' ourd, oXqpori(eror p6vo €(p' 6oov ro
ov'rrrelpevo e(vor xovrd orrlv Kororrrprrq enr<pdv€rq, o€ crr6mooq 6qlo6r1
prxp6repq qrr6 ro prro6 rrlg orrivog xcprrutr6rqros rrls ogorprxqg erngd-
v€ros. To ei6<olo rrou 0o oXqpor((ercr o' cxurq rqv rrepirrrooq eivot

* loXriouv yro ogorprrd xororrrpo prxpo6 ovoiyporog, peydtrq5 611lo6{ oxrivog ropnu},6rqrog oe oX6or1 pe
ro pdye06q rouq.



Avdrlooq 421

peyatrrirepo o116 ro ovrrxeipevo. Irqv ovr(Oerq rrep(rrrooq 6ev olqpori(etqr
ei6<rllo nioco qrr6 rov xa0p6<prq, 6ev 6qproupyoOwor 6qlo64 cvorldrpeve5
oxriveg orrorlivouoog 66oprr1g ot rrpoexrdo€rs r<ov orroi<ov vo ovrtmotlo0v
oe ei8olo rpovromr16. To ei6olo oXrl;rori(etor pnpoord o116 rov xoOp€grq
ornv rrsproXll 6nlo6n 6nou urrdpxsr qos. Iplpori(erot otr6 ouyxlivouoeg
66opeg Kor prropoOpe va ro (ovrxv€Oooupeo ov orrl 06oq orprB<irg rrou
oX4pori(eror rppovriooup€ vo 6olou-

;.re 6vo rordtrtrqtro n6,roo;.ro. Aur6 ro
ei6oq er6rirtrou }6yeror npoyponr6.

Awrreipevo oro drrerpo. Me rqv rrer-
po;.rorrrcq 6peuvo 6rorrrorcirverdr Kol
pe rq Boq0€ro rnS Eurlei6rog lecope-
rpiog ono6erxvOerqr 6rr ov oe roO€vo
o116 ro rpio ei6q rcor6r-rrpcov rrou
ovacpdpope rrpoon6,oe r tropdllqtrq
(rutrrv6prxq) 66opq 9o.1169 0o oup-
6oriv rc e{r1q.

o) Ie errirrt'6o xdro- B) Ie xupr6 xdrorrrpo.
nrpo. H ovoxtrcb;.revq 66oprq
H avoxlcbpevq 66opq 0o eivor onorlivouoq.
0q r-rcpopeiver fio- To <pcog 0o rpoiveror 6rr
pol lqlq.  rrpo6pXeror qrr6.6vq

orlptro Tflo0) 0Tro Tov

rcoOp6<prr1.

y) Ie roilo xdrorrrpo.
Oq npor6rper 66op11
ouyrlivouoo. Mrropori-
pe rcr' qur6 rov rp6rro
vo eorrdooupe Kcr ro
qhor6 qos. H eoriooq
errrruyXdveror K0r u€
roitro rropo8ofurd ro-

TOrrTpo.

H r6r6rqro rov xoitr<ov ro16-
rrrpov vq eorrd(ouv ro qhor6
<pog rjrav yvom( cn6 r4v
opXororqro. H nopoOooq ovo-
rp6per 6rr xord rr1 6rdprero prc5
rrohopriog rcov Iuporouocirv o
Ap1p46r;q ;pqoryonortirvrog
roil\oug xo0p6rpreq nporoleoe
oro eX€ptxo p<rlpoixd oxcrprl
nuproyr69.

frpcBoripo roo 1572.

AvcrAoo4 oe rcoilo rororrpo prrpo0 ovoiyporog



422 Et xrigcrc

H opXR rrls cxvrrorpsnrfs rropsiqs
rou qor6s

To oqpeio oro orroio tort6(tt q rrpoorrirrrouoc or roilo rdrorrrpo
ruhv6prxrl 66oprq qrror€,trei picr emio rou ror6rrrpou. Av mo oqpeio our6
rorroOe'rqooup€ Frq oqperor( gcr-rrervq firly4 n qnortrivouoo 66opq nou 0q
exnopeOeror crr6 ou'rqv 0o perorponei (perd rqv ovdrloorl rrlg) oe 66o;rq
rcuhv6prr4. Me ropoBohrd rdrofirpq Kor pre evretrcilg ovdtroyo rp6mo

6qtrroupyouvrol ot ruhv6prreg rporerv6.q 6€opeq orous npoBoleiq (poxprvd
gtbro) Ttrlv ouroKrvrlrcov Kol rcov poroorrlerrbv. Kqro rq Srdbooq rou
<pcor6g 6e16;.rccrre -yevtrdrrepo- 6rr ro;rier q ley6pevq opxn rns ovrrorp€-
rrrrlg rropeiag, o6pcpcrlvo ps rqv orroio ro y€@psrpx6 oyrlpa rr1g topeiag
ptag Ear€lw1g oxrfvag 5e pera4dAAerxt sv dvrvrpxE€i q Eopa r4g
6n6oo4g.

Avdrtrooq ro)v Kupdrov
H qvdrtroorl eivor €,vo yevr16 gorv6pevo rrou sFtgcrvi(erar oe rcdOe ei6og

16;roro9. T6oo rs rriporo etroorrx6rqrcxg 6oo Kdt rq rltrerrpopoyvqrrrc
r0poro 6rov 6pe0o6v prrpomd oe rdrroro sprr66ro qvqtrd)vrot. H ivvoro rqg

eee Mou.>ueuou
NQ>e.A@/JNETAI H

NH >'AUTH THIJT:ATI€FA
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xuporrrqg crrivo5 ;raq e{unqpere,i oro vo 6rorurrcbooups nv6;rouq ovdxtro-
oqg> ovriororxous ps rous v6pouq tqg ovdrcloorls rou gotr6g ot orroior
epp4ve6owor pe 6doq rqv opXrl 'rou Huygens.

H qXrb eivor rporv6psvo fiou oup8oiver oe er6rx6q rreprrnciroerg ovorlooqg
qXqrrrdrv rcupdrov rcrr oleri(eror ps rn guoroloyio rqg ov0prilfi lvrls oroqg.
Av 6,vc5 dvOportrog 6pe0ei oe ovotXrq
rreproX4 -6norq eivor yro rropd6ery;.ro

;-rro troyro6rd- rqr rpcovd{er 6uvord,
eivqr 6uvsr6v vo ovrrtrqg0ei rrlv €rrcr-
vdlqq;q rqq rpovqg rou p€ rqv rrpou-
n60eor1 6rr urrdpler eprr66ro oe qrr,i-

ordorl rouldlorov 17 p6rpolv qtr6

ou'r6v. To yeyov65 orpeitreror oe ovd-
rlooq rtrlv qxrlrrKrbv rupdrcov rrdvc'.r
oro e;.rrr66ro Kor spFqve6sror ov no-
poul-rs urr'6rgq pog (i) 6rr o ovOporrog
6rcrrqpe( rqv evrrjnoroq ev6g ;-rovoo6l-
lq6ou qXou (qXqrrx6 peroio0Qpo) err i

1p6vo tr,:1110 rou 6eurepol6nrou, (ii)
6rr q roXrirqrq rou rlXou orov oepu
(c,") eivor uepirrou 340 m/s ror (ii i) orr
ro Xpovrr6 6rdorqpo rrou clrrcxrrefror
yrs vG cpOooer o 4XoS oro eprr66ro vc
rrpoorr6oer xdOero o'our6 vo ovorlo-
mei ror vo errro'rp6{;er eivor ioo pre
Zxlcn* 6noo x q orr6oroorl rou eprr66rou o'n6 'rov orpoorq. Av lorn6v
Zxlcn lt^ q xlcn*trl2, ov 6qAc6r1 x>17m, o ovOp<orro5 0o ovrrtrqrpOe( rov
qrr6 ovdrtrooq rlXo arpo6 0o 6Xer (6q .rrc6oer vo ucpioraror q orouorrrq
evr0rrcoorl rqg oplrqg er<ptbvqoqq.

Pc6rocpcovrrd rrJproro pre prrlro5 rrj;rorog peyotr0repo o116 6vo 6pro
qvqrlcbv'ror orrlv rov6orporpo xor errrorp6,gouv orrlv errgdvero rrls frls.
ErrruyXdvercrr Kor' our6 rov rp6rro vo cpOdvouv oe peyotrsg orroordoerg

XcrlpiS oqpcxvrrxrl e{ao06vqoq.
To po6rorrltreor6r-rro eivorrepoorror ncrpoBotrrrof nraOp6<p'req rllerrpo;.ro-

yvqrrrcirv rupororvo or orroior 61ouv pra rcepoio-66.rrq orqv eorio rou5. A€f(er
e6<b vq roviooupe 6rr or opor-6,q orrrvo8olieg or-rq otroieg 6qoi4eror q orrrrxr;
6peuvo rou oupovo6 ouvroro6v 6vo notrO prrp6 qdopo orrtvo8ohcirv.
Avri0erq ro rooprrcd po6rox0prorc rrou ovrlveOovrur qrr6 rcx po6rorqleox6-
rrro, rrpo6,pxovror otr6 cx6poroug poErooor6peg 6rorp6porv oqpeiov rou
I-alo€io KCxr FcS perorp6pouv pro peydtrq rrorrcrlia pqvupdrov yr' cruro6c.
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Koitror r;14rrroi ovortromrlpeq, 64proupyrjproro
rr19 96or1q.

Koi)\or rlplrrroi ovoxloorqpeq 64proupyrlp6vor
on6 rov dvOpono.

ArdOlqon
Ard0loo4 ucpio'rovror 6lcov rcov popgcbv ro rupc-

rq. To gorv6pevo 0o rrp6rrer 6pcog vo rroporqpqOqrcr
yro npcbrq <popd mo <prog. Eivor rrol6 nr0qv6 o
porprv65 po5 rrp6yovog vc nopar(pqoe xcnore 6tr
6vq rqrqx6purpo po66i rrou Bpiorerqr rord €vo
p6pog oro vep6 rcr <qrd ro urr6lorrro 6{co o116 cur6
rpoiveror oo vo 6Xer orrdoer. Iqpepa roXupr(6pao're
6rr ro rpcrvopevrr6 qur6 ondorpo ocpeitrer-or arq
6ro0looq rou <p<or6g.

To povr6lo rq5 <pcrlrervqg oxrivog orro6eipqre
r6roirepo orroreleoporr16 oro vo rreprypdger our6
ro gorv6prevo. Irqv npdqn ro povr6,lo npooeyyi(eror
cn6 pto lenrrl g<orervq 66opq. Yrro06,roupe 6rr prro
qrrivq povoxp@pqrrro6* rgor6g rrpoonirrr€r orq
SroX<oprmrrq errr<pdverc 66o 6rocpovcbv pEorov (orqv
etrcpdveto ev6q 6r6rrrpou, 6nos ouvqOi(eror vo 16-
ye'ror). Kqrd ro rrf,pcopd rq5 o116 T o rrpcirro oro 6e0-
Tepo p6,oo q 6re60uvoq rqg orrivcg pero6dMeror**.

* ndpoKdr<o 0o xorovo(ooupE yro noro l6yo 11 orrivo rrpfrret vo eivor povoXpcoportxll.
** Aur6 6ev oupSoiver ov q np6orrroroq yiver rd€eto otrl 6roXroprorrxq errtrgoveto.
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To gorv6pevo .rreprypdq€rqr rrooorrrd ;.re rq Boq0ero
r<ov 6rio ycovrcbv fiou qxnpqri(er q rpcorerv( orrivo pe rrlv
rdOero oro oqpreio rrp6rrrcooq5, rqg yovio5 rrp6crnrcooq5
(0r) xor rq5 ycoviog 6rd0troorlS (02).

Or v6por rns 6rd0troons
:To 6e6repo qr<ilvq perd Xpror6v o Ale{ov6prv65 flrolepoiog 6qpooieuoe nivoreg

ytrlyr<ilv rrp6orr<ooqg ror 6rd0lcorls rou <por6g oro o6po, ro vep6 Kqr ro yuotri.
Milerdlvro5 o(pepo ro 6e6op6.vo rou [lTotrepoiou 6yd(oupe ro oupn6poopcr, 6rr
routrdporov yro ;.rrrp6.g ycovieg o l6yog rq5 ycoviog rrp6crrrrcooqs npos rq ycovio
6rd0laoqq cpoiveror vo elvqr oT o0ep6g. 'Otrcrls yro ycovieg peyo]6'repeg tov 20 ;rorpci-lv
o rov6vo5 6ev roX6er. O flrotrepoio5 68yole lov0cxop6.vo ro ouprrdpoopo 6rr o
rcov6vo5 roX0er yro 6leg rrg yclvieg ror orrorslei 6,vo v6po rrlg 6rd0laoqg. To 6ro9 1000
nepinou perd pror6v o 'Apo6og epeuvrlrrl5 Alhazen (AIXd(ev) epeuvcbvrog ro
<pctv6pevo rqg dOlooq5 urroorqpr{,e 6rr 11 rrpoonlnrouoq qxrivq q rd0e,o5 ror q
6ro0lcbpevq qx'rivo Bpiorovrorrrdv'rore oro i6ro errirre6o. H rrp6rooq ourq ororelei
'rov np<oro v6po rqg 6rd0looqg. O v6pog 6pcoq rrou 0c ouoX6rr(e rrg yotvieg
rrp6otrrooqg xor 6rd0Aooqg eiXe leg6yer ror qrr6 sur6v. f lollo6g arcbveg opy6repo
pro epyooio rou Kepler rrdv<o oro i6ro (rlrqpo urrqp{e overrrruX(5.

O v6poq ovorolucpOqre refurd qn6 rov O)'lqv66 Snell (Ivel 1591-1626). Lra 1621
roXupio'rqrce 6rr oe rd0e 6ro0looq our6 rrou 6rorqpeiror oTc0ep6 6ev eivqr -6rr<rlq
eiXe u'noorqpi{er o flrolepoiog- o l6yog rcov ycr-lvrcitv, aMd o l6yog rov 4plr6v<ov
rov 6rio ytovrtiv. O v6pog Snell* qrror6.treoe 6vq qrr6 rq firo orlpqvrtrd epeuvqrrro
ouprepdoporq rqs erroylg exeivrl5 rord rqv orroio q errrmqpq 61er opXioer vc
ouvet6qrotorei rrg 6uvot6rqreg rrou rrls rrop6Xer q po0qporrxq ylcbooo orrl
6ro, Orrcooq rov oupfi€poopdr<ov rqq. Merpqo€rs fiou yivovror pe oriyXpovo 6pyova
errrBe6qrcovouv 6rr o l6yog tcov qprr6vcov eivor rrpdy;rcrr mo0ep6g, ave{dprq'ro5
6qlo6q o116 rrlv rrprl 'rqg ycrrviog rrp6onrcooqg. Kord rqv errolq 666cxro'rou Snell
xopic e{tlyqoq 6ev pnopei vq 6o0ei o' our6 ro yeyov6g. l- l6.pooov opxer65 6eroerieq
p61pr vo ep<povrmei prq rKqvofiorrprxq Oeopio fiou vo rrpoorpf.perct ylo rrlv eppqveio
TOU.

Au'r6 6yrve oro 1690. Iro Br8lio rou <flpoyporeio yro ro q<o5) rrou rurtroq6pqoe
ereivq rq Xpovrd o eniorl5 Ollov665 Huygens (X6rXev5) 8ror6n<ooe 6rrcog eirrope pra
ru;ro'rrrq Oe<opic yrc ro qtos Kdr rrp6rerve rq yvclorq nopx4, ytq rq 6rd6ooq 6trc,rv
r<ov xu;rdr<ov. Me Booq rqv apXq Huygens xor p6oo o116 yeroperplro65 oultroyropro(rg
<p0dvoupe mo ou;.r'n6poopo 6rr o l6yog'r<ov qprr6vcov'r<ov y<rtvr<irv eivor ioog pe ro
tr6yo r<ov t'd1urr1r<ov 6rd6ooqg rou 9<o165 orq 6rjo 6rocpovrl pr€oo, ove{dprrlros
ouverrcirg crr6 'rq ycrlvio rrp6orrrcoorlg.

* O Snell 6ev 6qpooieuoe rrori ro oupnepdoporc rou. O v6;rog brlpooreurqxe prprKo Xpovro opyorspo qro

rov Kqor6oro
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H 6rq'rrlrroroq rou vopou rq5 6rd0looqg 66<ooe rqv rrp<brq Oe<opq'rrrq rdluqq
orous Kdroo<eucrorf5 orrrrrcbv opyovcov ot orrofot pf.1pr r6re ep1'd(ovtov p6vo
eprrerprro. O ov-rir-rurros orrs fipoorrd0ereg yrq rrlv rorov6qoqTrov rpoxcitv Kot orts
€peuveg yrc rrlv retrerorroiqoq roug urrqp{e or1;rovrrxog.

Tooo o Huygens 6oo ror o Snell qrcrv Otrlov6oi. Kcr 6ev eivqr oupfircrlpqrrrc6 rirr o
eniorlg Ollov66q Leeuwenhoek (A€6evXour), Boor(6;.revo5 oro p€y€0uvrr16 rgcr16 nou

XprlorHofioro6oqv or uqovroupyoi yro vo e[r'rcr(ouv rqv nottlrqrcr rcov u(pqoporcrlv,
rcrrooxeuqoe To TlpoTo eTilorrlpovrKo prKpo-
oxorrro pe ro o'noio ov<xxolur.pe 6vov xorvorj-
pro r<6opto, rov rc6opo rcov prr<pro8icuv p6oo oe

1r[c orcxyovcr vcp6.
'Evog crr6po Oltrov66g o l-ippershey (Air-

rrepcrr) fcprro[e ro 16,08-ro rrpcb-ro rritreox6rrto.
'Evo rropoporo 'rqAeor<6rno Xprlorpofioioe ro
1609 o tofuIcriog yro vcr epe uv(oer ro ourpovto
orep6copro Kor vG 6rcrr<piver yro rrp<ilrq <popo
rrg rlfucrrcfg rqlf6e5 rrg gooerg rqg Aqpo5irq5
Kor rous r fooepr5 6<lpucp6pou5 rou Aio.  H
e.nro'rqpq e i1e rrrcr 6popolo1,r1Oei oc Sp6ptoug
rorvocpovaig. Ano 6o rcor rr6po rlrov oe 06oq
vo rrpoexreiv€r rrlv crvOprb-rrrvq 6pooq o-ro
Sooilero rou crrreipcoq ;reyolou rcrr rou orrei-
pcrrc ;irrpo0, c{r:ptuvrirvrcrg 16oo rov o6pcro,
pr yu;rvir ;rorr, rcicrl-ro ro.lv (orvruvcirv opyovr-
opriv 6oo Kqi rov srrioqg o6poro r<6opo rcr-lv
ouoovcitv.

H O}ltrv6rx4 Ar1;rorpcrr io rou 170u orcirvo (rov ptto o116 rrg 6uorr€5 <rrp<oroyoviorpreg,
rrlq eroXrlq rrr;v ocrlsoorcov e{epeuvrloeorv. Exro5 ripog orro peydlq vourrrl; liuvcxpq r(]
nloio rrlg onoiog ro{i6euov oro rripo-ro rou x6opou, 11 OMov6io exefvqg rq5 enoX4q rlrov
rcrr 11 Xcbpcr rrou crorrdotqK€'rTcprooorspo iorr-rq o116 rdOe dMq rov Eupcorroixo 6rogorrop6.
H OtrIclv6ia -0uldooro 66vtrpq xor q <ollr1> Otrlqvbiq ro xoltrr-relvrr<6 ror rrvuu;rortr6
xivrpo r4q erroXqq orrorelo0ocxv ivvore5 utrlqli.v6treg. H 6e}'ric-roq rcov rrloiov orrotrouot
relvolrryrxi5 rrpoo6ouq ror q Betrrioon rns reproloyicrg eiXe ovdyxrl orro ele60epr1
6roxivqoq r6rcirv. 'E'ror n €rrovoororrrq Ollov6rrr l  6r lporporio rot:  17oo ordrvo iyrvc 11
rrpcbrq X<bpo oe t:r66oerq rrrr rcotrrloerq Br6li<ov rnrrp€rrovroq Kor rrs psrqgpiroer5 xr:r
rx66oer5 6rBliov oroyope upfvrov oe dtrtreg X<,bpeq. H 6re6puvoq rou y€toypcqrxoO opf(ovro
orlpnrva r<or 6re0puvo4 Tou rrv€,uporrxoo. Z' i .vov ott lrvo rrou 6tro5 o KOo[loS t lxs yro
xu6cpvrlreq ouroxpcropeg xor Bcrorleiq q Ollcv6icl xu8cpvrorov qrro ro lo6 rq5. H 6rdXurrl
eieuOep(c rrlq ox6q-r4q xcr 11 evOdppuvon rnS rrveupc'rrxrlg rrpoonrrOeroq <oMr6p1r1ouv pro
voorpo'nia eprrrro'roo6vqq o'rov dv0p<ono Kor oro 6pyo rou. Irrlv lrolio o fc,\rlcrio5 rcr o
Bruno (Mrrporlvo) rrpcop{Oqxrxv or.\r1po yrori r6lprlocv va oxe<p0oriv. Itrlv Otr,lcvtjicr o
Huygens rrprlOqxe rar 6o{dorqre.

Aixoro 0o pnopo6oopt vrr roXuproro[rpe 6rr ro rp<og oupr6ol i(er ou'r( rqv erroXri.  Irqv i6ro
rr1 trt[r1 ,,6ro<pcrrrropos) 1-o (pos errgpd(er r4v eleuOepic rq5 or6q1g. To rpcuq e ivor ncrp6v m4
(roypocprxrl r6rcrirepo orouq cfcioroug rrivcrreq rou Rembrandt (P6prrpovr) Kcr rou \/ernieer
(Beppip), oro 6pyo rou Snell  yra rr1 6ro0troon, ornv ovordtruryrl  rou prxpooxofirou Kdr rou
r4treox6nrou Kor oro 6pyo 'rou Huygens rou Oepetrt<orq Tq5 xuporrx(q 0eolpfo5.



Me ;rerprloerg nou trdp04-
Kov os spyoorr;pro 6ronrmtb-
0r1xe 6rr rrpoxerp6vou yro pr-
xp6.g yrovieg -o tlrotrepoioq
6ev ei le d6rro. Ei le 6pcog d6rxo
yro yovieg np6onrtoorlg yeyo-
tr6repeg rrui.v 20", evcb rar oe
our6g rrq rreprnrci.loerg 11 ou-
pnepr<popcx rou 6ro0trcbpevou
rpcrrr6q urrorooer mo v6;lOrou
Snell. Or perp(oerg ovorp6po-
vrqr o€ povoxpoportK6 g.S
nou rrepvder qrr6 rov c€po oe
rrle{ryxldg.

0, (oe poipes) 3 6 9
0z (oe poipes) 2 4 6
e1le2 1,50 1,50 1,50
r1p01/r1p02 1,485 1,50 1 ,485

1s 20 30 40
10 13,25 19,75 25,5
1,50 1 ,51 1,52 1,57
1,49 1,49 1,48 1,49

50 60 70 80
31 32,25 39 41 ,5
1,61 1,70 1,79 1,93
1,49 1,50 1,49 1,49

Aru0looq 4117

Aefrrqg 6rd0looqs
Iuvorpi(oup€. AS ufio06ooullr 6rr povoxpcrrprcrrx6 cp<lq 6ra6i6eror o116

6vc 6rorpov6g p6oo M1 npog 6vq d}tro 6rorpov6g p€oo M2. I0pcp<ovo pe ro
6e6repo v6po rqg 6ro0trooq5:

O l6yog rcrlv nFrr6vo)v ro)v y<ovrdrv rrp6orrrools Kol 6rd0looqg eivar
oro0ep6g, ov€qdprnroq 6qlo6q o116 rq ytrrviq np6orrroo4g.

O mo0ep6s our6s tr6yoq ovopd(eror oXerrr6g 6eixrq5 6ro0trcoqg rou
p6oou Mz crlS rrpos ro p6oo M1 xor eivqr ioog pe ro l6yo cylc2tov rolurrlrcov
rou rporr6q ora 60o 6rocpcvq pr6oo. loy0er 6qlo6q

r!3: nz, :a
lPuz c2

Eivor rpovep6 6rr o Kq0dp65 qur6s CIpt0p6S o orroios pds (6€ixverD rr 0o
oupr6ef rord rq ouyxerprp€vq 6rd0loorl qvCIg6p€rqr oe, 66o brorpcvq p6oo
Oe<opo0pevs xqrd oprop6vrl 6rcro{q.

Eivor emio4g e6rotro v0 ou-
pTr€pdvoups 6rr ov c1)c2 )
01)02, ov 6r1tro6r1 ro gcog 6rc-
6i6erqr on6 p€oo p€,yolurrpns
rqxorqrCIS (onTrxo opor6repo)
oe p6oo prrp6reprlg rox0rq-
r0S, q y<rlvio 6rdoloor;5 0c
eivor prrp6reprl o116 rq y<ovio
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fip6orrroorl5. I' ourq rnv fi€pilrl-ttlorl tr6;.re 6rr q 6rcxOlcilpevq orrivo
rrlqoro(rr rqv rdOero. Irqv ovriOerq rrepirrrclorl , 6^rcv 6nlo6n crlcl on6rt.
0q e(vor ror 02)01, tr6pe 6rr q 6roOtrcbpevq crr(vo qfiopoKpfvsrot qfi6 rrlv
rdOero.

Or i6ror v6por,  or i6ror opro;roi  Kdr rd i6ra loyrrd oupnepdoporo roX6ouv
yro 6tro rc xOporo 16oo 6qtro6r1 ra qlerrpopoyvqrrrd 6oo rqr ro x6por-o
etroorr16rqrog.

An6lurog deixrrlg 6rd0looqg. Ag npoo6[oupre 6;-rot5 ror rcrr rrou 6ev
ro;rier yto ro 16poro eloorrr6rqrog. Av ro ;r6oov ou6 ro orroio <rrpo6pXe-
ror> ro rpog eivor ro rev6, o l6yog t'tov qprr6vov ovopd(eror (orr6luro5)
6eirrrlg 6rdOtrooqg rou 6rorpovo69 p6oou (uhrcou). Oo eivor

6rrou ca Kor c or roX6rqro rou cpor6q crro rev6 KGI oro ouyxerprpr6vo
6rcxcpcxv6g ult16 qvriororxo. H rrpq rou orr6lurou beixrq 6rd0looqq eivcr
rrovrore peyotrrirepq on6 rq povd6o.

Av eivor rcbpa nr,n2 or qrr6luror 6eixre5 6rdOlooq5 6rio 8rocpcvcbv pfocrtv
KCr o2.1 o <rXerrrcoq 6r i<rr1q 6rn0lcroqq rou psoou u2, cog f ipoq lo p6oo u- l  ,

ef rolq qrro6errvferor 6rr f l2,1=n2hl1 orr6re KGr o vopos Snell 6rqrurrd)v€,rcxr
pt rqv e{iouior;.

lF0r-  ^ _ t |z a
t  t " :  

nz ' r  : t '  r l  ntnPo' ' :nzqfroz'

H pero0ol4 oro pr;rog rripcrog. A€i4er 16.Io9 vcr rrcporqp(ooupe 6rr rcrd
rq 6rd0trooq ev6q x6porog q ouXv6rqrd rou 6rciqpeiror oraOepq evd) ro
p4KoS r6prorog pero8dlleror.

Av ncpoupe urr' 6rpq Kor rrl Oe;retrrcil6q e{ioooq rcov ru;lorrov, 6yd(oupe
ro ou;lt6paopq orr o loyoq r<rrv rcrXurrlrorv (c1,c2) fiou rrqpouoro(er 6vo rupo
fiprv Kor pero rq 6rd0}ooq eivor ioo5 pe ro l6yo ro)v ovrtoroiXolv prqrdlv
rrjporog. Eiv an c2l c1:)\zlht.

Otrrrq cxvdr<troor;
c. Ard6oo4 arr6 ro opor6repo oro rrurv6repo.

Srorperiyer 6rr rqrd rqv rp6orrroorl ptos rporervrlg
66opqq oe enrcpdvero rrou 6roX<opi(er ro op1rr6
6rc<pov6g p6oov qrr6 6,vo dllo or-rrrxo nurcv6repo,
err6g otr6 6rd0}ooq oup6cxiver ror qvdKlooq. Irq
yevrrc4 rrepirrrcooq proporj;re vo rroOpre 6rr q rrpoo-
rrirrrouoo qrrrvo86trog ev6.pyero rorov6peror qvd-

Fsoo orls 66o nporOrrrouoss 66opre5, rqv ovortr<ir-
p€vrl Kqr rq 6ro0lcb;revq.

Ae 0o rrp6rrer vc pq5

lPOr c6

Qtr0z c
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H rorwopq e{optdrcr on6 rr1 ycovia np6onrcooqg. 'Orov, yro nopd6ery-
po, ro <pcug 6ro6i6erqr qrr6 rov c6,po oe yucT\i, yro y.rovieg rrp6onrcoons Fexpl
50 porpcirv qvqrldrqr trty6repo srT610o/o rrls q@r€tvr1g ev6pyeloq. Fro ycrrv(e5
6poq np6orrroorlg yfpo mrg B0 poipeg ro rroooor6 trls ovorlcbpevq
ev6pyerag eivqr (oo pe ro noooor6 rrlg 6ro0tr<ilpsvns. fro ycovieg o16;.ro
peyotrOrepes ro rroooor6 tns ovoxldrpevqg ev6pyerog unep6ler oq;lowrrd.
Eivor 6pog yeyov6q 611 6vo opro;,r6vo rtrdopo on6 rr1 <purrervq ev6pyero rrlg
rpoonirrrouooq 66o;rqq 0o 6ro0lomei otrcrroE(rrore.

Ard0lcoq qrr6 nurv6rspo o€ cpor6repo. 'O'rov 6pcoS n 6rd0looq yiveror
o116 rrurv6repo rrpos opor6repo ro npdyporo eivqr 6rocpoperrxd. To
ne(pcpo 6e(Xver 6tr ov q
np6orrrurorl rou cpcor65 yi-
v€r trre yorvlo peyotr6rep4
o116 pro oprop6vq <oprrq
yrovicr 6ev ouvretreiror 6rd-
Otroo4 Kqr noporqpeiror
6vo garv6;rtvo fiou l6yeror
ohrr; ovorlaorl.

Yrro06rou;-re 6rr pro gco-
rervq nr1yr1 Bpiorsror p6oo
mo vep6 Kqr fiqpqrqpoOpe
oprop6,veq gorerv6g oxriveg
Trou rrpoorrirrrouv orrlv
errrrpdverc rou 6r6rrrpou ovep6-o6po5>. Eivor yeyov6g 6rr oe xoOe rrepirrr<rloq
trou oup8oiver 6rd0looq r1 yovic 6rd0looqg (02) s(vor peyotrOrepq o116 rq
ycrrvio rrp6orrtcrrols (0r). H 6roOlcbpevq oxrlva ncrropcrp6verqr) o116 rqv
xdOero, evdr ro gorv6;revo rrer0opXei ufioxpsorrKd oro v6po Snell. loX6er

n14p01:n24p02. Av lorrr6v oufovou;re npoo6eurrrd rq yotvio rrp6onrcoo4g,
0o <pOdoer xorroro orrypri xord rqv oroiq q y<ovia 6rd0trcoqg 0o yiver iorl pe
pio opO{. Erqv nepirrcuorl ourq q ycovio np6orncuorlS 0o 6Xer pro rrpf 0oo
yro rqv orroiq 0o rcrX6er.

^f i l l rnlrf pu6p=n2rt[r7 = rlFu"p = 
ii
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H ycovio ourrl (0"0)
(02:nl2) 0o orrorelei

E<P'
K0l

6oov ov'rrmorXei mq p6yrorq ycovio 6rd0loor15
rq p6yrorq ycovio rrp6onrolons ytq r4v onoio

oupBoiver 6rd0trooq rou gcor6q. Adyeror oprrq ycrrvic rou 6r6rrrpou.
Mnopo0pe trorrr6v vo rro6pe 6rr (i) yro ycovio rrp6orrrcooqq prxp6repq o116
rqv oprrq, q qrorervq ev6pyero xorov6,peror ovo;leoo mrlv ovoxtr<i:pevq rcl
rq Ero0lcbpevrl 66opq, ev<.b ov (ii) n yc,tvio rp6onrcooqq eivor peyolOrepq
on6 rqv oprxrl 6ev eivqr 6uvqr6v vo oupBei 6rdOtrooq. flori 11 6rcOlcoq 6ev
e ivor orrtrd 6va gcrv6pevo rord ro otroio ollo(er q 6re60uvoq 6rd6ooqg ev6q
r6proro5, eivqr 6,vo gorv6pevo ro orroio ner0opXei orrcoo6rlrror€ Kot o€
ouyrexprpr6vouq v6poug. Av lorn6v q yovic rp6onroorlg eivol peyol0repq
cn6 rqv oprrcr1 6ev eivor 6uvqr6v vq ouvreleorei 6rdOloor1 yrori oe ovri0e-rq
rrepirrrcoorl ro rporv6pevo 0q nopc8io(e ro v6pro Snell. Kqr o v6poq eivor
oqqis. Ie rd0e 6rd0laoq enr6qlleror vo roX0er

n1qp01:n2qp0z )  lp0z :  # nUU,r

ror erp6oov lF0z<1 0o eivor rqr

*npO.,<t 4 npe, <5
Il2 " Il1

rrou orlpoiver 6rr (qp01)-.*:n2ln1. YrrdpXer trorrr6v 6vo pr6yroro orrg rrpr€,q rotv
y<ovtcilv np6orrrroorlS (oprxrl yovio) ro onoio ov {enepoorei 6ev 0o yiver
6rd0looq. Av pro rpcorervrl qxrivq npocrndoer pe yorvio peyctrOrepq rqg
oprxqg 6ev 0a urrdplouv oprovorrdrro) yro vo rrepooer ro qcrrs oro allo
;r6oov ro orrrrxo opor6repo. Oo 61oupe gorv6pevo ofurr1q ovdxlooq5.
'Orrog <poiveror ror qrr6 rqv e{iocoorl rlp0op:nzln1 q rrprl trlg oprrqg ycrrviog
e{oproror qrr6 ro (euyopr rcov 66o 6rorpovrilv pr6o<lv.

'Otra rq rroporrovcrt roX0ouv 16oo yro ro r;lerrpopoyvqrrxa x6paro 6oo
Kqt yro ro xtipcrro eloorrr6'rqrcg.

Irc 0epp6repo c6pro mpcbpora ro gorg 61er
peyctrOrepq roX6rqra oe o6yxpro4 pr rq \uu-
lporepc. Kard rrg (em6.g p6pe9 oup6aiver ou-
Xvo rc a6.pro mpcipard rrou Bpforovror oro
66c9og vc 61ouv Oepporpooio peyohirepq on6
rc urrepxeipevo. I' our6g rr5 rreprrrrciroerq ro
gcos rrou exrr6prreror arr6 pro rrqy( xor g0dver
orov rrqpqrrlpqr( rou 6rlproupyei r4v evr6rro-
oq er6dtlou on6 ovdrlooq (Avrrxcrorrrprop6g).

| \ \ \ \
t t l \ \ -A-
/-J1-t/\ \
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Otrrr( qvdrctrcxorl rou q0rr6s
K0t rrllsfilKotv(l)vfss

Irqv errolq po5 ro <porv6pevo rqq ohxqq ovdrtroo45 Tou rp<1r65

o{,rorroreiror o€, sgoppoy6q uqqtrqg orrtlxrlg reXvotroyio5 liioo orro 'rr5

otto(sg cpo(vovrcr va 6rovoiyovror tv-
rekilq rorvo6preq rrpoorrrtr6q orov ro-
pr6c rcov r4lettxotvtovrcirv. To 6ho (n-
rrlpcx oXeri(eror p€ rrl 6uvor6rrlrc
trou 6Xou;re oqpepo vo rorooxeud-
(oupe onrrxeg iveq yudrtrrvouq 6qtro6t1
rutriv6pouq rooo trenrorig trou vq eivot
6oo 6.vcx ofppc efropnrot. To cptrlq
6roXere6erot oro 6.vq oxpo rouq ror
urprordprevo rrollcxrrtr6g ohr6g ovo-
rlooer5 e{6p1eror qrr6 ro 6ltro orpo.
Or iveg lerroupyo6v oo orllrlv€S rlou
prrroporiv vo rsreu06vouv ro vep6 rcot
vd ro 6rolereOouv srei rrou 06Iou;re.
Or orrrrxeg iveq Xprlorporrotouvrot oe
pro or iy lpovq reXvrrr ; ' rpro6romcrqg
q<llroypoqia5 q orro(o tr6yeror olo-
ypagfc. Xpqorprorroto6vrqt eu(oqq
mrlv lorprrq. flapv6vrqq yrc nopd-
6erypa 6vcxv r6,roto 6ragcvq rrifuv6po

;r6.oc o116 rov oroorpdyo ev6g ooOevq

;.rrropo6prc vo e{,erdooup€ ro mopdyr
rou yro 6lioq n KGr yro rdrroro dltrq
ndOqoq.

Exei 6pcilg rrou ro p6llov yro rrs
orrrrr6,q iveg rrpopqvOerot e{nrperrrco
ehnr6og6po eivat -6n<rrg einop o
ro;"r6o9 rcuv rqlerrtrorvcovtcilv Kor r-l
rqtrerpcovicx r6roirepa. Tc mpdy;roro
erei 6eiXvouv 6rr ro rpcog 0o prrrop6oer
vc; qvrtKoroorqoer ro qlerr-prt<6 pe6-
po arrorekirvroq rov petrlovrtx6 <po-
p6o pero6i6oor19 rrtrqpo<poprcbv pt
notrtrd prdfuma,ntreoverrqproro.

'Orrcog Kor orq po6rorpcr;vio 6rot xot
crrrlv rrlleg<ovio eivqr ovcryxoio q 6ro-
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p6pgooq rou qtrexrprroO rp6povrog oqporog otr6 ro qtrexrprx6 pe0po nou
owtmotlei mo xf pro rrlg ovOpdrrrrvq5 golvqg. Ie 6,vq oup6orr16 rqtrecp<ovr16
o6mqpro ro cp6pov xritrro 6ev eivor, 6rrog oup8o(ver mr1 po8rorpcovio,
qprrrovoer66s (oppovrx6). Arroretre(ror o'n6 ;rro oerpd peuporrr<bv nolprbv
peydlqg ror e6dr ouXv6rrl'ros, trrKpns 6rdprerog xor mo0epo6 ntrdrouq. Or
rrolpoi qu'roi orpo0 urromoOv 6rop6prparoq, perorpEpovrqr F€ ro qlerrpr16
rOxtrcrr;ro rou xqtro6iou xor orq ouv6lero orro6ropop<p<irvovror xor percrp6-
rrovrql rrdfu oe qXqrrrd r0;loro oro qxoumrx6.

Ie 6vo rqlegcovr16 o6mqpo orrrr-
x<irv rvcirv ro r114rrro xriporo (F€rq-

rp6rrovroro rr e6rr oe ovrimorloug

4trerrprrorjg rrotrpoOg or orro(or 6;r<o9

XprlolForroroOvrqr yrq rrlv €,v€pyo-
noiqoq ev6q Laser (A6r4ep). To nopo-
y6pevo qcrls orroretreirqr qrr6 qvri-

orotxous nolporig rrou F€rd(p6powor
o116 rrg orrrrt<69 iveg yro vo Frrorpd-
rro6v xct trdlr pe rq 6oq0ero rporo6r6-
6ov oe qlexrprrorig rrclproOq. 'Evq

o116 rq r6rcxirepc o4;rovrrxd rrpo6lq-

[l0T0 fiou tropouorc(ovror eivqr rl
6rogdvero rou p6oou. 'Otror {6poupre
61 6vo letrr6 r(opr e(vor rrro 6rocpcv6g
arr6 6vo no16. H otiylpovq 6ForS
reXvoloyio e[vor oe 06oq vo 6q;rroup-
yei 6rorpovq ulrxd r-6,rorq rrou qv Fs
ourd xqrqoreud(opre r(dpr raXoug
ev6g 1rtrro;.r6rpou 0o qrov e{ioou 6ro-
<pov6g pe 6vo r(dpr oov ouro rrou
6Xou;.re oto nopd0upq. TCI 6rorpovq
ourq utrrrd XpnolFof ioro6vrqr yro rnv

rorooxeurl T(DV orrrtKdrv rvcirv. 'Eror rl rrpCIypororoiqorl rrlleqovrxo6
6trr0ou pe rolcir6ra ;rqroug 6erd6<ov Xrhop6rpcrtv eivqr rcbpa eglrrrl.

Tq rrAeovexrqporo rrou 0q fipoKuqlouv eivqr rrorritro. H noo6rqro
nlrlpogopiqs rrou prropef vo ;.rerog6pel €,vo rOr]<o;.to e{oprdror otr6 rrg
qtrerrprx6g r6r6rqr6g rou, 0116 rrl (Xoprlrrr6rrlroo rou 6rrog 6,Xer errrxporq-
o€rs vo l6yeror. Or orrrrr6q iveg 6Xouv ouyrprrrxd peyotr6repq Xcopqrrr6.rqro.
Mto 66opq Xdtrrrvcov xqlto6i<ov 6ropr6rpou 7,5 cm pnopeivo qvrtKsroorqgei
qrr6 6vq (gcr:rooto^{vo> 6rop6rpou 0,6 cm. H otxovol,rio oe 6dpog efvor
or6po rno orlpqvrrxll. Kr ax6po 6vo rqtregcrrvrr6 6irruo Baoro;r6vo mq v€.o
ourq relvotroyio 0q ouv6Terve oqpovrrrd orrlv arrooupcp6pqoq rou urre6d-
qous rcov rr6lecov. Iro ouir6orr16 6irruo ot €v€,pyetqr6g oncillel€,S fiou

To nonrrx6, (oprorepo) xor ro ou;r6orrx6 xqtrcbSro
rrls qoroypoqiog pnoporiv vo perogt.pouv rov
i6ro opr0p6 (10 000) rqtrergovrxcirv ouv6rotr6{eov.
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o<peitrovrar orrlv oplKq ovrimoon rcDV oycoyrilv eivot r6,roreq rrou vo
e{oo0evi(ouv oro0rlro ro orlpo Kot vo lperd(ovror evroXurf,g rdOe r6ooepo
nepinou pfu6prerpo. Me ro v6o oOmqpo q evioXuoq our4 0o eivqr ovcyxo(o
p6vo xd0e 100 km. T6log -ro0cirg ro yuoli 6ev eivor rol6g oy<oy65
qlerrpropoO- rq rrpo6lqparo rrou ocpeilovrct oro rropdorro percbvovror
mo etrdXroro.

H qpxn Huygens Kqr q 6rd0trooq
Mnopo0pe vo Xprlorponorrlooupe rqv cp1rl Huygens ytc vq ep;rqve6oou;.re ro

6e6repo v6po rqg 6rd0looqq, rov ley6pevo v6po Snell. Eivor ;.rro troyrrq rropeio o116
rq Oecopio npos rq 6e6op6,vo rou rrerpdprorog p6.oo on6 ro 6p6po rcov poOqprorrx<bv.

Xpqorporroro6pe ro povr6lo rou erritre6ou r6poro5 qro orroio or ruporr169 orrive5
eivor rropdtrlqle5 xorro p6,rcorro 61ouv oXrlpo errirre6o. Yno06roupe 6rr rord rq

Xpovrrrl onyp4 t0 Fro gor€tvq orrivo rl no, (oxipo) rrpoonirrrer mq broX<oprorrrq
errrcpovero 66o 6ro<povrilv p6orov fiou Xq-
porrqpi(ovror qrr6 rolOrqreg c1 Kot c2
ovrfororlo. Kord rq orrypq ereivrl ro pev
oq;reio A qrroretrei -o6pcporvo Fe rnv
cpXq Huygens- rrrlyq ruporr6icov ro10rr1-
'ro.g c2, ro 6e roo<pootr6 tou oqpelo A'
qrroretrei nqyrl ruporr6icov roXfrqrqs cr.
To errfrrebo AA' qrrorelei roro rr1 orryprl te
ro p6torro r6;rcrog. O6trou;-re vo rrpo8l6-
tpoup€ rroro 0q eivqr ro p6,rcorro rord rq
orrypq t6*At, 0ecopcirvrog rog At tr1 Xpovt-
xrl 6rdpre ro rrou orrqrreirqr ci-rme 11 orrivo
oB, vq yiver orrivo'npoonirrrouoo. Oo eivor 6qtrcr6q A'F:crAt. To (qrotitrrevo p6.r<orro
0o eivqr 6,vq errirre6o erporrr6pevo mo ;r6rono 6trcov rcov ruporr6icov nou 6qproupyrl-
gqxov rcxrd rr1 6rdprero At. lrq vc ro oXe6rdooupe cpref vo <p6pou;.re qrr6 ro oq;reio f
ro errirre6o [B egorrr6;revo oro ocporpr16 ;.r6,rcono rou ruporr8iou rrou exrropeO0qre
qrr6 ro oqpelo A rqrd rq mryprl t6. Or xd0er€S oro p6r<ono our6 qnoretroOv rrq
goterv6.g oxrive5 mo 6rogav65 pr6oo 2. Av Xp4orponorqooupe'ro ypdp;.rcro 01 Kor 02
yrq rrs y<ovieg rrp6onrcr:or1g xor 6rd0laoqg ovrimorXo 0o 61oupe

e,:n ' i r  qpe-,=#+ \  + rpor_cr
e,:nis npe,=# I 

-' il,,e' - t

H releurqiq e{iocooq pog enr8e8orcirver 6rr o l6yog qp01/qp02 eivor ovefdprqro5
cn6 rq ycovio np6onroons, Tour6lpovc poq ntr6ero 6rr q olloy( mq 6re60uvoq
6rd6ooq5 rou 16poro5 -6qlo6rj q 6rd0looq- eivor guorrq ouv6nero rou yeyov6rog
6T r or roX6rqreg 6rd6oorls rou x6porog orq 66o ;16.oo eivor 6rogoperrr6g.
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ldtr€q

Ard0trooq ot errirre6eg srrrqdvsrss
Ard0laorl oe errirre8o 6iorrrpo. l-loporqpoOpre €vo pol06r 6u0ro;r6vo mo

vep6. N4og cpoive'ror orrcop6.vo rr sul6 orpeileror orq Srd0laoq rou <por6g.
Elvor, rpuorrca, p6po Kor 1-o 6rdXuro <pcog xdver 6lo ro ovrtxe(pevo vo

crrroretrouv nrlyfs cpcr.lr6q. Kd0e oq;reio'rou trLotru6rori qrrorelef prro oqperoxq
rporervq fily{, c'n6 rqv orroio errrEprreror arrolivouoq 66op4 rpcor65. Kd0e
qrrivo rqq 66opqg urrcrofer orous 66o v6poug rqg 6rd0trcroqg. Aro0trrirar
6rorqpori;revq oro errire6o rrpoorrr<iroe<o5 evcir rour6Xpovo ofiopoKp6veror
on6 rrlv xdOer-o. 'Eror q 66opq rrou <pOdver
crro pdrr pc5 <poiveror va n-po6pleror o116
6.vc oqpelo A' rrou 6ev eivor ro oqpeio A
oMd Bpioreror q.rqtr6repc otr6 our6. To A'
qrroretref6vo rpovromr16 ei6<r-rtro on6 6rd-
0}oor1 . Aur6 rcr;rler yro 6Ao ro orlpeio rou

O 6eixr4q ,5roOtrcoqq ef,oproror ror qrr6 ro p(xog r0poroq rrlq ox'rtvo6otrio5 mo xev6.
Irov rr ivoxcrnopori0evror or rrpdq rou 6eixTrl 6rd0looq5 oproF6vov ulrxc,bv yro p4rr1
xr.rpcrroq oro K€vo tro:589'10 onr

Aropov-rr 2,419
{Derlpro61r.r ao6iolo 1,434
Ildyog 1,309,
f uotri 1,52-1 ,66
f lurepiv4 1,473

Nepi;
Bev(ivq
Ar0utrrrr1 oko6trr1
A€,poq
cto2

1,333
1,501
1,361
1,000293
1,00045
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polu8ro6 rrou Bpiorovlor p6oo oro vep6. Ko06vo o116 ourd pog <pc(verol 6rr
Bpioreror q.rql6repo on6'rq 06oq orqv orroio npdyporr Bpioreror. To pohi8r
goiveror oncopr6vo. lolier n1qp01:n2qp02. Iro 6rio opOoycirvro rpiycovo
fiou oxtlpcrl(ovrat roX6er d:hsgO1 <or d:h'erp02. Av ovocpep6;roor€ o€
roror6pu<pq noporqpnorl or yrovieg'01 ror 02 0q €,fvor oprerd prrxp6g rilme
vo toX6er r1p01 :erp01 xot qp02:erp02. Oo elvqr lorrr6v h'lh:nzlnt,6rrou n1,n2
or 6elrreq 6td0trooqg rou vepof Kqr rou o6po, ovrimorXo. H e{iocr:o4 lo16el
yrc xo0e 6io'nro aprei or ycov(eq rrp6onrcoorls vCI e(vor prrcp€g.

Aro0looq oe nldxo pe ncpdtrlr;leg 66pe9. (I6mqpo 66o napctrlqlov
errrrr66<ov 6r6rrrptov). Av pro cp<rrrervq povoxprr>l-torlrrl orrivo rrpoorroosl
rrldyro oe nldrq ps nopollrlle5 66peg 16oo 4 Oeopio 6oo xqr ro rreipopro
poq 6eiXvouv 6rr perd rr5 60o 6ro0ldoerg nopopr6ver nopollrllq rrpos rrlv
opXrrq tr lq 6reuOuvoq, 6xovros B6Baro
urroorei pro nopdllrltrq percr6rrroq.

frc rrlv nptirrq 6ro0looq (oXqpc)
roXrier nrr lpOr:nzQFOz evcir  yro rr1 6eu-
repq 6ro0trooq n2qp0.f :nrrlFOi. H fecrr-
perpio 6r6doxer 611 0r:6;.  Oo eivqr
ouverrcbg Kqt 0t:0i orr6re Kctl
01-02:Qr-ei q c:6. H releurcrio ro6-
rqra orro6erxvrjer rqv rropollrltrio rr15
opXrro npoorrinrcluoog 6iopqg p€
rqv retrrrd e[epX6pevq.

Ard0loo4 oe npiopc. (I6orqpo 66o
rt;rvop6vov errnr66olv 6l6rrrpcov)' re rrrl rporroypogio nou nopaoeroupe e 1165 on6 rrg
ovrioeoq ;re our6 Trou oupBoivet orqv 6rio 6ro0looer5 nopor4po6pe xor l ioo ovorAcroerq
rrlqro pe nopdltrqAeq 66peg, rord rq rou srrrroq'
6io6o ;lroq grrrrervqg cxrriva5 o116 rrpiopa lopBover X6pc <errponqr. Irqv
otrrtr{ p€ rov 6po urrpiopo> evvoorJpe 6vo 6rogov6g odrpo rrou 6Xer o-X(pq
op0o6 rprycovrxo0 trpioporo5. Aur6 nou ouv40rog oXe6rd(oupe rroprordver
pro eyxdporo ropq rou rrpioporos fiou 6Xer oXqpo roooreloriq rprydrvou.

Or 6rc0hdo'as pros trenrqq ;rovolpcotrrorrrrlg
66o;rqg yivovror oe 6rio err(rre6o 6r6rrrpo ro
orroio rt,pvovror roro prc 6ie6pq y<rlvio rq
trey6pevq 6rq0lqonx4 yrovia rou (orrrrrorj) rrpi-
opqros. H 6ro0loorrxrj ycovio Kqr o 6eixrqg
6rd0lcoqg rou utrrxo6 qrro'retro0v ro ororleio
raur6rqro5 ev6g rrpioporoq.

Ag exrpon4 prrog trerrrqs povoxpo;lorrr4q
66opqg 0eopoOpre rq ycovia rrou oxrlFrori\tran
ot6 rrlv opXrrd rrpoonirrouoo 66opq (orr(vq) KGr rrlv retrrxd e{epX6pevr1. H
rrpq rqq e{oprdror tr) otr6 rq ycovio np6orrrcoorls Kqr 6) on6 ro npio;lo o116
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tq 6rc0loorrrq 6qlo6q ycovio rou Kor ro 6eirrq 6rd0trcor15. Aur6 6eiXvouv
ro oXerrxd rrerpdpcxro. Iro i6to 6pcrtg ouprrepdoporo pnopo6pe vo
rorolq[ou;re ouv6uo(ovrog roug v6pous rns 6ro0looqg pe oprop6vo
yeoperprrd Oecopqpcro. Or e{rocbosls fiou rrpor0rrrouv eivct:

qp01:nq p02 nqp0i:qp0j A:e2+0i e:0r*02'-A
'Ols qurCI 0o roX6ouv ov rl 66opq eivcr povoXproporrrrl. Av 6pcog

Xprlorpofiorqooupe 66oirq trsuro6 cporr6q ror €1oupe cppovrioer vo rono0erq-
ooupr prro o06vr1 treuro6 lpcirporog on6 rqv ollq nleupd rou npio;rorog,
0o rrcparqpqooupe ro garvoprevo ro orroio €rove peydtrq evr6rr<ooq oro
Nefrorvo Kor rov o6qyqoe vo 6tqrurr(bosr pro oqprovrrrl '1 Oeopia ytq rq

Xp6poro. fldvor otqv o06vq 0o nporqpqooupe ro rpdop<r tou leurof

<pcor6g pro fyXp<r-rpq 6qlo6q rqrvicr orqv orro(o 0q erriOevrqr ro €vq qrro ro
ollo ro e<pro Xprilporo rns ipr6oq, ro x6rcrrvo, ro fioproKotri, ro rirprvo, ro
rrpoorvo, ro yoAd(ro, ro 6o0u lotro(ro Kor ro preve{ebi ro }eyopevo xcr ldr6eq.

H 0eorpio rou Ne0rovc rrlv orroiq 6eXo;roore ror orlprepo urroorqpi(er 6rr
to leur6 (pos orror€treiral o116 Erdrpopeg <rrrrvo8otrieq. Kd0e pro o116 our6g

Xopoxrrlpi(eror on6 opropivq oulv6rqro (v) rqr oprop6vo p4roS rri;.roro5
mo rev6. To pr1rcog rrjproroq rrlg epuOpog (r6rrrvr19) orrrvoGotricq eivor ro
peyotrrirepo. Eivar ioo ;-re 76.10-emrrepirrou. 'Otre5 or dtrtre5 orcrrvoBotrieg rrou
(ouFFsr6xouv> ro leurc6 gcoq 6Xouv pqrq rOporog ra orroio etrcxrrcbvovror
o6;-rcpcrrvo pe rq oerpd fiou €p(povi(owor oro rpdopo rou treurco6 rprr:r69. H
rdr6qg orrrvoBolio 61er ro ;.rrrp6repo pnroS rriporog (36.10-em). opo ror rq
peyol6repq oulv6rqra.

To treur6 qrr>s qvql6rrqr
H 6qproupyiq.rou gdotrrorog ocpeftreror mqv avdluoq fiou ucpiororor ro

le ux6 rporg. Kord rq 6rdOtrooq rou mrlv npcbrq enr<pdvero rou npioporos ro
leur6 rparg ovol6eror oe povoxpopCIlr6g orrrvoBotrie5. To rporv6pevo
epp4ve6ercr Bdoer rtov fiopoKdrco rrpordo€o)v.
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1. Eto xev6 -rot roro rrpoo6yyrorl Kql orov a6po- 6treg or axrrvoBolieq

r:300'0000 km/s'
rv -6Xr mo rev6- ol arrtvo8otrieg

ES.
ro65 ;r6oou opi(eror <rrg n=qp01/qp0''

vo09'pr6oou eivor ioo5 pe ro loyo rqq

rs oro xev6 (co) rrpos rrlv roxurrlro

6l: (q) o 6eixrqS 6ro0}ooqg rou ouYKt

rot o116 ro ei6oq trlq oxtrvo8otriog rrot

rqq yoviog 6ro0trooqg (02) Yto Fro rL

e{iocooq lFOz=crlP0r/co'
Ko0e;rro, lornOv, q;rrvoBolio 0o rropouotooet rrlv (rlpoocorrtxq> rq5

6rd0traoq. H rcbbqS orrtvoBotrio rrou XopoKrqpi(eror on6 rq prrp6repq

ouyxptrtxd roXrirrlro oro ouYK€'Kprp6vo 6rorpoveg pr6oo 0c rrapouotooet rot

tq prxporePrl Y<.rlvio 6ro0trooq5'

f ,/ \-.r
rvoluoq rou rgcor6S oupr8oiver oe rdoe 6rootrooq <pcorervrlS 66opq5 rrou

oev eivot tlovoxp<otlot'*4' t"t"opoup€ vo rrlv rroporrlpqooupe oe rrtroxi6ro pe

nopdltrqtreg 66pe5, oe rpcroO5 6tr<og Kol oE moyovi6ro BpoXnS' Me ro

rrpiopo, 6p,os, q petr6rq tou 9oiuo5l6'vou yiverot rrto orroretreopcrtro' Axopo

rolOrepo eivqt ovri vc crpqooupe r-o cvcrtrup6vo qtos vo rrpoon6oet crrr'

eu0eioq mo t6roop,o uo'nopep8dtroupe 6vo o0orqpo ouYKtwportrccirv

(ouyrtrrv6wcov) gcxcirv Ksl vq rdvoupe 1'16oo orro our6 trlv nopcrllpqoq'

oupdvrot6{o.To<porv6pevououpdvror6{ouo<pei}eTq|oTrlvovdluoqrrouugioTc.
rol ro qfuar6 <p<og 6rov tpoonirrret oe .mcry6veg 

rqq 6po1q5',11 u" ro 6ei rovei5

xperd(erolvoBpiorerarcrvdpeoocrrovq}roKq|oTr|v- lT€Proxq6rrourr6'<pret6poxq.
' frq vo rotovoqooupe rq 6qprroupyio rou o5 

"'ob6ooupe 
6rr pta oxriva qhoro0
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gcor6g'npoonirrrer orqv e{<oreprxrl errrcpdverq prqs crroy6vag vepoO ror 6ro0tr<bpevq
qvolOerqr. Iro oXripc rroprmdve'ror q rropeic rorv 66o qrrivcov rrou owrororlo0v
mo drpo rou <pdopro'ro5 6qtro6rj rq5 rc6rxrvqg Kor rns r<il6oug. Kcrd rrlv rrp6orrrrrlorl

rou ovotrup6,vou rpor6g orqv €o<or€prr( errrcpcveta
rq5 orcry6vog 6va peydlo p6poq uqimqror qvdrtrq-

orl Kqr q 6{o6o9 (6qfo6{ q 6rd0looq rou ovclu;.r6-
vou gcor6g) ouvTeleirqr rord rqv err6pevq rrp6o-
lTrcooq orrlv soor€prrq enrrpdverq. A116 K€r Ksl
rr6po <rv o noporqprp(g 6pioreror oe 06oq r6rorq
cirme vq <p0dver o' qur6v q <r6rrrvq qrrivcrD eq
owrtrap8dverar 6'n q ouyrerprp6.vq moy6vo 6Xer

Xp6pq x6rrrvo. Me cvdloyo rp6no 0o avrrlopGdveror 6rr rdOe may6vc 6poXq5 6Xer
6vq qr6 'rc Xpcb;roro rou r1fucrro6 gdopotog.

Am4 rl mqy6vo
(P0rV€Tql

x6xxrvrl

464 ,l
qqy6vq

qqiv€Tol

166qg

''rtr^ r.q..rrfi'rrr, i i,,,, urSOrurir.,#rsrfzu

Iro e{oreprx6 rp(po rou oupdvrou r6{ou o nopcqpqr4g pe r4v opnpd:Mq 616rr€,r ro
x6rxtvo g<os vq €,p1eror an6 orlpeio qrll6repc qrr6 6rr rc dllq Xp<irparc. Avri0erq mo
eocoreprr6 rpqpo rou oupdvrou r6{ou goiverqr vo eivqr {,rr1tr6repo 11 rreprolq rou
peve{e66,vrou lprirporo5.



Or guroi
Irjprepc Oeorpeiror 6€Boro 6rr or Krv€(or

eilcv ovoro}frl.rer Tou5 <poro6g 66o nepi-
nou 1rtrrd6eg 1p6vro nprv urr6 to Xpror6.
Yrrdplouv erioqg o{r6}oyeg poprupieg yro
ro yeyov6g 6rr or rporoi lpqorponorqOq-
rqv rcro ro peooi<ovo yto rq 6rop0cooq
rqg 6pooqg. M6vo 6pcog q Betrricrlorl roug,
rqv oTrolo rcrrdrpepov or Otrlqv6oi xoro-
o<euom6g rou 17ou orrbvo, roug pe'r6.rpe-
qrs crro errtrqxrrx6 exeivo epyaleio pe ro
orroio o dvOpcono5 oei6e, rrpdypqrq rq
orroiq 6ev eiXe prropiorr odre vo gqvro-
crrei.

No urro06ooupe orr rroipvoutrre 6uo
6pora 6rorpovq rrpioproro KGr r0
arcouprrdpe rcrd rrg Bdoerg rous o€
rp6no cbore or 6ro0loorrx6g ycovieq
TouS vo 6plorcovror crrr6vcvrl. Nc Ao-
vrocrro6pe er-rioqg 611 66o trerrr6g <pco-
rervfg 66o;reg (oxriveg) nopdllrltres rrpos rrg xorv€g 66peg errcgrlg -orro5
crro oXqpo- npoorirrrouv oro oriorqpro rlou 6rlproupyqoope . Eivor yeyov6g
6rr or 66o orrfveg 0o ouyrlivouv o€ 6vo oqpeio. Av npoXrrlprlooupre rqv 166o
rrcporr6po XprlorFofiordrvrog treproo6rr.pa n-pio;rcro ro'noOerqprtl,o rc-
rollqlo rt qv -oxopo xolOrepo- trerovoups rrs ycovieg rrou 0o rrporri-

tpouv, 0o rpOaooupe retrrrd orqv 166o rou ouyrlivovros q ouyrewp<orrxo0
rpororS. To 6vopro rou ro ogeiler mo yeyov6g 6rr roOe rrcxpdllql4
(rufuv6prxq) 66opq gcor65 fiou fipoorrirrrer rrdvo rou ouyrAiver oe 6,vo
oqpeio rrlq *dtrtrqgo tleupdg. Oo 61oupe 6ro1 6vq 9o16 oov qut6v rrou
orroretrei rq 6doq rou ov0pdrfirvou o<p0olpo0, 6,vcr <pox6 oov curo6s rrou
urrdplouv oro FrKpoor6rro, orq rqleor6rrro Kcl orrs rporoyporprxi.g

;rr11ov6g, qtrtrq rqr oov quro0s F€ rous orroioug ;rrropo6pe vo ovdrpoupe
cporrd o' 6rro lopri eorrcr(ovro5 ro qlrox6 g.S trdv<o rou.

OI gcroi 439

KopSrvofuoq L gonc I loprparro roLr 1352
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Av rrdh ovrrorp€,qoupe rrlv opXlx4 166o rqr Bdtroupe rc npiotrraro
qvdrro6q (6nco5 mo olqpo) 0a 6rqrrrorcirooupe 6rr or 66o trenr65 66opeq
(crriveg) 0o anoxlivouv. H en6rrooq rqg 166o5 o6qyei oe gcxofg nop6por,

ouS ps ouro69 rrou Bp(oxovrqr oro l.rualrrrrd yuolld, rrou rpopder pr6vrpo
6vcq o116 rous ouyypogeig ouro6 rou 6r6triou. Eivql or qrrorlivowes (n
<rrroKtvrptrrnroi) goxoi rrou fiporo€l-lgovimqrov orqv Eupcitrq roro 'ro
Meoo(crrvo otrld 4 e upeio Xpnorponoiqoq roug ytq rn 616pOoor; rqq puron(o5
6yrve peprrofg orcirve5 opy6repo, orpo6 oro pero{6 o Snell rol o Kopr6,orog
e iXov q611 6rqrurrd)oer rous v6poug rqg 6rdOtrooqg. Mlo rropollqtrr; gorervq
66opq fiou rrpoorrfrrrer oe rlvq r6rorou ei6oug rpor6 prero on6 rrg 66o
6ro0looerg ;rerorp6rrer-qr or orroKlivouoq. I' qur6 orprBrbq ro yeyov65
orpef]eror Kqr n ovopoolo roug.

Ie yl6ooo peyatr6reprlg ouorqp6rrlros o 9o165 sivqr 6vo o6orq;lo 66o
6r6rrrpcov qrr6 ro orroio ro 6,vo eivqr orroo6rlnore ogorprx6. Iro rrcrpordrco
0a 6eX0o6pe opropr€ve5 ou;r6doerg yro l6youg cxrloOoreuoq5. AeX6;.roore
trorrr6v 6rr.

1. M6oo oro 6rogov6g ufux6 rou rporod ro g<os rropouold(er ;.rrxp6repq
rolrJrqro oe oX6oq pre ourl; fiou fiopouatf(u mo rrepr8oltrov rou. Irq
yevrrq t-repirrrcrloq o <pox6g pog 0o eivor qrr6 yuoli rqr 0a 6pioxerar mov
o6po, yeyov6g rrou e{oogoli(er rqv nopa6o1rl rrou rdvope.

2. To rpcrrg rrou fipoorrirtrer eivqr ;rovolpc'-lprorr16.
3. O gor6g e,ivor lenr65, ro ndlog rou 6qlo6q oe ox6on ;le ro pr6ye0oq

(p4roS) rou eivor ooqpovro.
feur;rerprrd XopoKrqprorlrd rov trerrrrbv gcrtbv. Irrl yevlrrl erioqg

rrepirrroorl* roOe plo o116 rrg 6loOlomrx6,g errrrpovsrss rou rporo6 qrroretrei
rpnpo rqg enrrpdvsros Fl los ogoipcg. 'Eloupe trorn6v 66o uno0errr6q
ogoipeg (oX4tto) 11 6rorewpoq** rrltv otrolcr-lv (K1K2) orroreAei rov treyotrrevo
xripro o{ova rou <poro6. To <oq;-reio)) oro orroio o rc6proq d{ovog r6,pver ro
rpor6 l6yeror orrrr16 r6,vrpo rou cporo6.

* <Er6t16,9 reptm<i:oerq eivot exeivrq xoro rr5 onoieq 11 pio o116 rrg 6ro0locrx6g errrgdvereg eivcr enine6r1. Aur6
oup8oiver mouq errrrre66rorlouq xor rouq errrrre66xuprouq rporo6q.
** Irtg rroporrdv<l <el6tr€g> rreprrrrdroer5 o x6pro5 dlovoq opi(eror ulq q rdOeroq o116 ro rc6vrpo rrlg orpoipo5
mo srrirre6o.
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Arro6errv6eror 6rr or rporrerv6.q orriveg trou
rrpoonirrrouv oro cpor6 roreuOuv6peveq npoq
ro orrrrr6 rfvrpo rou, ucpfmovror pro fio-
pollqlrl peror-6nroq 16oo prrrprl cirore vo pog
errrrp6neror vo Oecopotipre 6rr q e{epX6pevq
qrrivq orroretrei rrpo6rrooq rns fipoorrirrrou-
oog. Kd0e eu0eio ypCIpp4 nou nepvder qrr6 ro
orrrr16 r6vrpo tr6yeror o{ovoq rou rpaxo6. 'Evoq

<pox6g 6Xer ouven6g dnerpou5 d{oveg. Mro
16roirepq 06.oq ovdpeoo'roug xor6Xer o xr iproq
o{ovog orov orrolo ovorpepOrlrope.

Iuyrclivovrss qqKoi
Or ouyrlivovreg cporoi avayvcrrpi(ovrcr qrr6 ro yeyov6g 6rr e(vor rroXrire-

por oro ;r6oov* rcor lerrr6r€por orq dxpo. Xoporrqprorrrrl rep(rrrcooq
orrorelei o oprcpixorlog cpor6g, o orroiog sLrqo-
vi(eror Kqr oro 6rrrtrov6 oxnpo. To rprrqiro
6pog yro vo 6e10o0pe 6'11 61ou;.re ouyrlivovro
rpox6 eivqr our6 l-rou r16q ovcrp6pcpe. Mrorp6-
rrer rdOe rutrrv6prrrl (nopdtrtrqtrq) 66oprq rrou
rrpoorritrrer rrovco rou or 66opq ouyrtr(vouoo q
onoiq emrd(er o€ ouyKeKprp6vo oqpeio (eorio)
rqg dtrIq5 nleupdg. nv q 66gprl eivor ror nopdlAqlq npos rov rtipro q€ovq
ro oqpeio mo orroio tort6(u orroretrei rn Frq o116 rrg 66o x6preg emieg rou
rpoxori. Ko0e (trenros) <po165 6ro06rer 60o 16rors oq;reio rrou Bpiorovror
rrdvor orov r0pro d{ovo ror roorr6Xouv o'n6 ro orrrrr6 r6vrpo rou.

To yeyov6q prrroporipe vo ro 6rqrrrmcilooupre rrrrpoForrKd. Iro i6ro 666qrq
ouprr6poopro rorotrqyer Kor q Oecopqrrxrl 6peuvo rrou Bcoi(erqr orrl petr6rq
'r<ov 60o 6ro6olrxcirv 6roOtrdoecov, rrcipvovrog ewoeiror urr' 6qrq rqq 6rl o
gor6g eivar Aerr6g.

H qrr6orqoq rdOe r6prog eor(og o116 ro gcxx6 orrorelei ro 6o0r16 crrorXeio
rqg rour6rqrog rou. Eivar q trey6pevq eortarq cn6orcoq rrou oupBoli(eror
6re0vcirg pe ro ypdppo f. H rrpqT qg onoretrei xprrqpro yrd ro <1160o roXup6g,
eivor o <pax6g rrou 6rq06roupe. 'Ooo prrp6repq eorroxq on6moo4 61er 6vog
9o165 16oo ro;up6repo5 prropeivo Oecrrpq0ei. IuXvd, awi yra rqv eorroxrl
orr6mooq XprlolFonoreircr ro cvrimpocp6 rrls, ro orroio tr6yercr roxfS (P). H
povd6o perpr"loecog rqg roX0og eivqr ro lrn-t rl ley6pevq 6ronrpio (1 dpt). H
rrprl rr;g eorrorqg on6oroor;g -6rrcog rpuorxd Kql rrls roX0og- e{oprdror o)

x Me rrlv npoirn6Oeorl 6p<og 611 6piorovror oe 6to<pov6g nepr8dllov pe prrp6repo Eeixrq 6rd6loor19. Ie
ovriOer4 rrepirroorl or rroXur€pot oro p6oov goroi eivcr oroxlivoweg.
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o116 ro oXerrrc6 6eirrq 6rd0looqg (n) rrou rropouord(er ro utrrr6 os Fro
opro;r6vq ortrvoBolio ror 6) cxrr6 rrg rrp6g rarv 6rjo sxrivorv roprrutr6rqrc5
R1 ror Rz. H e{ioroorl

ovorp€peror o' ourq orpr86g rqv e{dprqoq Kot orpopo 6Xr p6vo orous
ouyrctrivovreg rpororig qlld xor orous qnolivovre5. Or rrp6g R1,R2 rtov
qrr(vrov xuptruh6rqro5 0eoiporjvror Oerr165 eg6oov eivor rupr65 or qvr(oror-

1eg 6rc0lcurrx6.g errrrpovslss Kot apvr;'rrx6g ecp6oov or errrrpovereg our65 eivol
xoileE. Av q pro 6rq0loorrxq errrcpoverq e(vsr errine6q o 6pog l/R rrou
ovacpt,peror o' ou'rqv Oil eivqr ioog npoq prq66v.

A{,i(er eniorlg vcx oq;rerro0si 6rr nv orq 06o11
r4g r<6prclg eor(oq 6pe0ei 6vcr rporerv6 orlpeio, 11
orrorlivouoo 6€opq rrou 0q errrope6ercr o116
sur6 0s per-arparre(-prrd rqv 6{o66 rqg o116
ro ouyrhvov'ro rpar6 oe 66opq rcutrrv6prrq rra-
pollqlq rrpos rov r6pro d{ovc.

Ei6tolq qrr6 6rd0luoq. A5 neorroooul-re> rdrpo oe 66o ouyxexprp6veg
noparrlprlosrs trrrs orroieq q6q ovuqep0qrco;ra:

i) KdOe <p<.r:rervrl oxrfvu rrou rrpocrrirn-Er crro
rporc6 nopdllrllo rrpos rov rripro d{ovo, pera i- f-

P - : t"-1) (i+fi) ttonos rrDV KorooK€uoorci.rv)

rqv 6[o66 rqq orr' qur6v 0o rrapdoer orro rqv
xOpra eorlo rqg dIIr15 rrtreupog.

ii) Kc0e cpurrervq orrivcx fiou rrpoofiirrrer oro
gox6 roreuOuv6pevq fipos ro orrrrx6 x6,vrpo
rou e{6pXersr o116 sur6v Xopis ouorqorrrd vo

E.

UTTOOTTI

- .  - \

cltrayq orrlv
rareriOuvoq rqg.

O ouv6uocrp6q r<rrv 6rjo aur6v rroporqp(oeorv 0o pcrq 6oq0r1o€r vo
npo6l6q-roupe ro ei6og Kqr rrl 06o4 rou er6cirtrou rrou 6qproupye[ror qrr6 6vq
rporerv6 ovrrreipevo 6o'repo o116 6rq0trooq. lro vo orrlororqooupe ro
rrpdyparo og 0ecopqooupe 6vo ypcxprpr16 cvrrrei;revo rc60ero orov r6pro
d€ova oe crn6crrooq (o) on6 ro rpcr6 preyolfreprl o116 r4v eorraxq
orr6mooq.

H reXvrr( rou rrpoo6ropropo6 rou er6cblou Booi(eror oro vo evrorr(ooupe
ypacprxo ro ei6colo rrls Kopuq{S tel
Tou ovrrK€r;r6vou AB. 'Oncog rsr rdOe
cporerv6 oqpeio ro B orro'relei ro
oriypo Frcrs cxrrorlivouoag 66crp11g
fiou fipoofifrrrsr oro gox6. A116 rrg
cpolrervfq orriveg rqq 66opq5 eivsr 6o-
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Ar16 vq enrtr6{outrre 60o orriveq rqv nopeio r<ov orroiorv ;.rrropoO;-re eOrolo vq
npo8trdqoupe . H pic eivor oxrivo ncpdllqtrq rrpos rov x6pro d€ovo q orroia
perd rqv <neprtr6,rerd,) rrls p€ ro rpor6 0o rq'reu0uvOei 6rr<o9 eiro;re rrpog
r4v r6pro emio rqg dllnS nleupdg. H 6llq oxrivq eivor ourq trou
rqreuO0veror rrpos ro orrrr16 x6,vrpo rou <poxo6. Aurrl 0o rrepdoel rrpos rnv
dltrq rrtreupd lcrrpig vc pe,o8trrl0ei 4 rropeio r4g. Or 66o axrive5 0a
ouvovrq0o6v oro orlpeio B'.

Erp6oov o rpor6g elvor trerrr65, ot fipoorrrcboer5 yivovrar pe prrrp6g yovieq
Kqr ro rpog eivor l.rovoxpopcx'rrr6, orro6errv6erqr ot rcd1e oxrivc rrou
errropeOeror qrr6 ro gcorerv6 orlpeio B pero r4v 6{o66 rqg arr6 ro cporri 0o
rsreuOtiveror oro oqpeio B'. M' dllo tr6yro oro orlpeio B' 0o ouyxtriver q
<porervq 66opr1 rrou eKnope60qre cxrr6 ro orlpe(o B. To B' crnorelei 6,vq
npaytrrcrrr6 ei6rolo rou
oqpeiou B rot prropei vo
yiver avrrtrqrrr6 ;re rq 6or1-
0eru prog o06vqg 'nou 0o
rorroOerrlooupe orq 06o11
ourq.

Oecopotipe rrl ysopsrpr-
rr1 npo6otr4 rou B' orov
rrlpro o{ovu. flpor6rrre r
6ror ro oqpeio A'ro orroio
orro6er xvOerqr 6rr orrorelei
e(6olo rou (pcorsrvoO or1-
peiou A. Ol6xlqpo r€loq ro euOrjypappo rpqpo A'B' ov'nororlei oro
ypoltpr16 ei6<olo rou ovrrK€rp6vou AB. A{i(er e6dr vs errroq;rovoupe 6rrno
rrpoyplorrK6 aur6 ei6<rrlo eivor rrdvrors ovr€orpopp6vo.

H 06oq rou roOopi(eror (i) on6 rq 06o11 rou ovrrrerp6vou xor (ii) un6 rqv
emrorq orr6mooq rou <poro0. Av eivor q xor 6 or qvrimorleg oroordoerg
<rvrtxerp6vou rqr erbcbtrou urr6 ro cpox6, qrro6errv6erqr 16oo rrerpoporrxd
6oo xqr Oeolpqrrrd 6rr roXrier

To p6ye0og r6io5 rou
ypotrrprxo6 er6drtrou (A'B')
ouv66erqr pe ro p6ye0oq
Tou yp0trprro6 ovrrrerp6vou(AB) pe rqv e{iocoorl

(A'B') B
(,{D - 

;

111
; -6-T
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q orroio orro6etxv0erqt 6doet rqg o;ror6rrlrqs rtrrv opOoycbvrcov
AOB xor A'OB', trou 6qproupyoOwor crro ox€rlKd oXqporo.

F:(A'B')/(AB) ovopd(eror ypcprFrrrrl pey60uvoq.

rprYov(r)v
O tr6yog

Ocvrqmrx6 ei6rolo. Me avdtroyoug oulloyro;.roriq prropoup€ vo rrpoo6ropi-
ooupr€ ro ei8colo ev6g ovrrxerp6vou rrou 6piorerot rovrd oro <por6, oe
orr6mooq 6qlo6( prrp6repq o116 rqv emrorq. I' ourrl rqv nepirrrorol, rl

orroxlivouoo 66opq rrou sKrrope0erat srro to
oq;rerox6 cvrrxei;revo B, perd rqv 6{o66 rrlg o116
ro gox6 rropopdver orortrivouoo 66opq eKrro-
peu6prevq 6porq on6 €vc qllo oqpeio B'. H 66opq
aurq 6rlproupyei oro protr ev6g noporqpqrq rr;v
evrfrrcrrorl er6cblou ro orroio Bpioxetor orqv i6ro
peprd (oe ox6on pre ro 9o16) orqv orroio 6pioxe-

rqr Kol ro ovrrrei;.revo. To o4peio B' orroretrei 6,vo rpovromrx6 ei6orho otr6
6ro0loo11. To ouvotrr16 ei6cotro A'B' e(vcr govroort16 op06 ror ;reyotr6repo
arr6 ro ovrrxeipevo. Irrlv e{ioooq rrou ouv66er rrS ofioordoetg ovrrretp6,vou
xor er6drtrou F€ Tnv emrorq orr6mooq rou rporoO n rrpn tou o6n 0o eivqr
opvrlrrxq.

'Evov e{'orpert16 ouyr}ivovtq <par6 6ra06ret rct to ov0p<irrrrvo pdrr. H
eorrarq orr6orcoq rou gcro6 prropei ror ;retcr8dtrl€rqr p€ ollcry6q ot orroieq
nporoloOvror o116 treiou5 pOeg orrg 6t1o oxriveg ropnutr6rqrog. 'Orov ro
ovrrreipevo Bploreror mo dnetpo -6qlo6q rrol0 porptd oe oX6oq F€ rrlv
eorrorrl otr6orco4- 4 oXerrrrl gorervq 66opr1 ouyrliver otov opcpr8trrl-
mpoer6ri lrrcirvo. 4116 ret p6ocr: rou orrrtro0 ve6pou ;rero6r6d(erut orov
eyr6rpolo ro pqvupo yro rqy onrrrq evr6tcooq. 'Orov ro ovrtre(pevo

Arro rqv e[io<r:or1
111

-T---

oBf

Ilpoypcrrx6 ei6tolo ouyK€vrpotrrKof garo6

oTroo€tKVUtTot oTr:

i t  ov 2f>o>f <- 
B>2f

- \-  u>l

i i )  ov o:2f

iii) ov c>2f

B:2f
p-1

f<B<2f
;r<1

Av ro ovrrxei;revo Bpioxeror oe o-rr6mcoq nolO peydtrrl oe oX€o4 ;re r4v emroxrl ouvrlOi(eror
vc tr€yeror 6rr n$p1sxg1.' mo dnerpoo ror q ovriororXq 66op4 vo 0eorpeirot xufuv6prxq.Ir4
oXerrx( e{iocoo4 Bd(oupe 1/o=0 xor npox0rrrer 6:f. To eibolo oXqpori(ercrr ot errite6o
xdOero orov x6pro d{ovo.



Or gcroi 445

rrtr4ord(er rrpog 6vo guorotroyr16 pdrr, o <por6q ruprdrverot Kqt rl emtorfl
rou qrr6o'rooq prrpoiver <bore ro (avrempopp6vo) fipqyporrK6 ei6colo vq
6qproupyeiror orprB<irg errovco mov ctrrrprBtrr1mpoer6rl. flp6rerrar Yto rov
ley6prevo p4Xavrop6 rrpoocpFoy4g rou ;rorro6.

Arrortrfvovreg qqKoi
Mro rufuv6prrrl 66o;rq fiou fipoofiirrrer oe orroxl(vovro gdr6 nopdllqtro

fipos rov x6pro o{ovo, perd rrg 6tio 6roOldoer5 prerorp6trerqt oe qrroxlivou-

oo 66oprq cpcor6g. To oriypo rqg Bpioreror
rrovor mov r6pro o{ovo, orq 06oq rqg }ey6pe-
vqg r6prcg emio5. To oqpreio 6po5 our6
Bp(oreror orqv rrleupd tns rrpoorrirrrouoog
66opqg ror 6Xr -6rrcrrg oupBoiver orous ou-
yrtrivovre5 <poxori urrlv rrtreupd rqg e{epX6-
Frvns. H qrr6orooq rou, arr6 ro trerrr6 orro-
rtrivovro rpor6 Oecopo6prevq pe opvqrr16 np6-
oqpo tr6yeror rr e6cir eorroxrl orr6mooq. 'Orrcoq Kor orous ouyxl(vovreg
rpoxorlg or rripreg emieg eivar 60o Kor -<rrs rrpos ro rpcr6- ouprperpr169.

Ocwqorrrd ei6olo. Or qrrortrivovrss (pGKoi 6rlprroupyorjv pr6vo gqvroorr-
rd ei6<Dtrq cporrervd:v cvrrxer;r6,vov. Kd0e rpavroorrr6 elDcotro nou 6qproup-
yeiror qrr6 6va r6roro rpor6 (i) eivor prrp6repo o116 ro ovrtreipev6 rou rct (ii)
Bpiorercr Trro rovro oro rpor6 o116 6oo ro avrrreiprevo our6.

O ypocpr169 rrpoo6roprop6g rou erEcbtrou ev6q ypapplKou ovrtKtt;t6,vou
roOerog mov rripro d€ovo Boo((ercr oe pro relvrrq cxvdtroyq pe ourq rlou

Xpnorpofiorq0rlre orous ouyrtrivovreg gororig. To ei6<otro 6;t<og e6cb 0o eivot
rqvrore ;.reyctrOrepo qrr6 ro ovrrreipevo, op06 ror 0o Bpioreror rrqvrote
pero{6 rrlg r6prog eoriog Kql rou rporo6. Itqv e{io<oor1

or rrp6g r<ov 6 xor f 0q eivor rrdvrore
opvqrrra5.

Muorrrfq
'Orov trrro xufuv6prrq rporrervq 6fopq (rpcog 6qlo6r; rrou npofplerot o116

cxvrrreipevo oro orrerpo) rrpoorritrr€r oro rpor6 ev6g puorrtrori prottori 6ev
eorrd(er orov ap<pr8trqorpoer6( cllo nprv o116 our6v. Bd(ovtog prrpoord

111
t_

; -s-r
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crro l.rutrlrrK6 porr 6vov qrrorlivovro cporc6 rorcltrqlr;g toxuos (o orroio5 0o

;rrropofoe vo eivqt ror rpcxr65 tlroqrls) 11 rufuv6prxq 66opq petcr rq 6ro0trooq

rns oro (poKo Guro p€rorp€rrsrqr oe <rrrortrivouoq 66opq pe oriy;ra rrlv emio
(E) rou orroxlivovrog rpororl. To oqpeio E srroretre( yro ro <pox6 rou ;.rorrori

\ topiq yurr l r t r  ,N1t yucAro

6vo rrpcrv;,rorr16 qvrrxe i;revo ro e,i6<otro rou orroiou cryqpori(erqt rrovcu orov
opgrBlr lorpoe r6q.

Yrr€pu0peg Ksr urrtprtil6erg qKrivss
Ynfpu0po5 cxrivrg. To froq 1800 O 'A1ryIog oorpov6trrog William l-lcrschcl

(l-ouiAtrrcxp Xfposl) npnyporono[qoe f,vo onl6 ollu nol0 evbrocp6pov
rreipcl.ro. Pilvov'rcrg oe €vq er6rr6 rrpio;ro prro 6eopq treuxo6 (poros Kol
pcrorrvdrvros orrlv rreproXq rou cpdopcroq 6.vo Oepp6perpo rrnx€lpouo€ vcr
epeuvqosl o€ rroro Bo0p6 ro qros rrov 6rorp6pcov neprolcbv rou rpoopcr-oq
errr6pofoe rrqvcr; oro Oepproparpo. H rrcrpoprorrKq clurrl 6paorqpr6rqro rov
o6qyqoe os Frq ev6rogfpouoq Srqrr iorooq. Aronlort l lot  6rr  q OeppoKpqorq-
xq ori{qoq yrv6rov preyotr6repq orov orropcxpuv6rov qrr6 ro epu0p6 dxpo
rou oporoO gdoporog, ronoOerdrvros ro 0epp6;re'rpo oe rreprol6g 6rrou ro
ovOpdrrrrvo prdrr 6ev cvrrlop6avercr rirforc. Erp6rcerro yro Fr<r a6pcr4
qrrlvo8olia pe 6wovc Oepplrd arroretr6oporo. Aprer6,g 6ercxerie5 opyorspo
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6ronro'tc,rOqre 6rt q <0epprrq, quri arrtvo6ollcr eivot qtrerrpopoyvrlrrr.rl
qrrrvo8oliq pe oulv6rrlro prxp6repq on6 rr'1 oulv6rrlrCI rrls epuOpqg
sxrrvoBoliog. Iro yeyov65 our6 orro6i6eror rur q ovopcoicx ur6pu0pr1
arrrvoBolio (q un6pu0pe5 urrive.g) 11 orroic enexpdrqcre.

Or un6pu0peg orriveg rropouoro(ouv rrl orlpovrrrcq r6r6'rrlrcx vo exrrf.p'rro-
vrsr o116 6lo ro odrporo. M6Xpr rq Oeppoxpooio rrov 500'C nepiriou q
qxrrvoBotrfcx nou ercm6pner €,vo ocilpro eivqr ev'rsAcb5 noporrl (un6.pu0pq). I'rtg
o;reoo-rg rprltrorepeq oepporpcoieq €vu p€pos an6 rqv trrreprroltevrl cKrrvo-
6olio opXi(sr vo eivsr opor6 xor onrllo6qrrore r(rrxrvo. Av nupciruor)Fs Fro
orrorcx6qrrore xopcpiroo ;iriopo6pe eOxola vo ro 6rsrrorrbooupe. Iqpe6lcr

{6poupe r5rr €vs noooor6 6096 nepinou qn'6 rqv oxrrvoBotrio nou pug or€trve r
o rlhog eivcr qxrive5 urdpuOpeg. 'fo 6evq0ropr€vo yr-raAi urroppo.pu rr5
ur6pu0peg rcrr  q r6r6rqro ourq o€rorroreirsr orcr Oepporqrrru. Or oporig
qrrrvoBo^ieg rou qtrrarou rporr6g urpvofv p6ocr on6 ro 6roqovis (yr' uurtq)
nepiBlqpo rou Oeppor<qrr iou rcr Oeppci." ,ouv ro eooreprx6 rou. Tc 6rcrpopcr
or.b;raro rrou Bpioxovrcr p6,oa oro 0epporqrrrcl crxrrvoBolorlv oro urrepue po
pe onor6leopo rl cxrrrvoBolicr r-oug vo nrtc;yr6e(reratu 6tort ro nepi6trq;ro
e(vor (yrcx rrq rrrrepu0peq or<riveg) a6rurpovi5.

Or urrfpu0peg cxxr(veg ovtlve6ovrot trre ro"rdllqlcx r:uctto0qrorrorqprfveq
qo)'roypoqr16.5 rrlareg. 'Evq 6rocr-rqprr16 6)inpo prrropei prf.ocr oe. qrroAurc-r

oxorqEr va rroipver qoroypqeics 'rqq y4rvnS rrrproogorpcrs Xprlotporrorcb-
vros rnv ur6pu0pq orrrvo8o,\io rr1g.

Yrreprtir6erq crrrfveg. Tqv i6ro nepfrrou erroXq rrou o Herschell crvurdlurre
rr5 n0e5r;rrr€SD qKriv€s, €vos teppov6g guor<69 trrry€rpouoe vo e(epeuvqoet
rqv tr€,p<x orro ro rdrbeq drpo rou <pdo;ror-og rreprol(. To 1801 o Ritter (Pirep)
e€6'rq4e rq 14prrq 6pooq rou rpc,lrr5q ncrvco oe ltrcoproOXo dpyupo. To cpo:q
6rqo'no ro Xl<rlproriXo cxpyupo Kor ro rporv6;revo cur6 orrorele( rq Bdcrrl rqg
<pcrlroypcxcproq5. H Srorriorcouq rrou €Kov€ o Ritter Trerpopcrrr(6pevoq rrdvcrr
o'qur6 ro crvrrNei;revo qrcxv 6'r or o6po'req crrrrvo8olieg n-or-.r (rvrlororxo6-

odv orqv rr6po on6 ro rcbbeg neprolq nopouoio(qv evrov6rep4 Xqptrq
8ptloq urr6 ro r<opur6> gttg. Iqpcpo {6poupe ort rot q nX4prrrrln aurq
crxrrvci6olis e(vcxr rllerrpopoyvq'rrrcr1 <xrrrvo6oAiq ;re oulv<irrlro preycxtrrirepq
arr6 rq ou;v6rqro rqg rcb6ouq yr' crur6 xor leyeror ureprdl6qs oxrrvo8olio
(unepr<ir6eig oxriveg).

Err6q arr6 rqv €vrovr l  XqprK4 6pooq'rouS or t ineprcirbetq crr ive5 rrpoKo-
Xc6v rsr rp0oprop6 €,qooov 6€Borc rrpocrnioouv oe erbrrcr ocirgra'ra. Kupto
rrq'yq utrrprro6cirv orrivorv eivor o rlAro5 ev6 ro xcxrdrrepo xupico5 orp6poro
rrlg or;r6o<pqrpqs orroppo(po0v 'rtg axriveq qurES €vrovo. To rorv6 yuotri
cxrroppo<pd rrg urreprcb6er5 yr 'qur6 Kor q eptuvo rou5 rrpo0rro06r-et
rrpio;rolo xor <pcrco69 otr6 utrrx6 6rorguv€g olq crtiveg our6.g. 'Evcx t6,toto
rordtrfu1lo utrr16 eivqr o Xolcx(iog.
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Arriveg R0ntgen
To No6p8pro rou 6rou5 1895 o l-eppov65 guorx6g Wilhelm Conrad Rontgen (Bilelp

K6vpow Poivryrev, 1845-1923) pelerorioe rrl oupfi€prqopd rcov rq0o6rrcbv qxrivcov

oro epyoorrlpro. 'Evo orr6yeupo rord rq 8rdpxero ev6g rrerpdporo5 6Xov'rog
orerrdoer rov nrq0o6r16, ool(vc pe 6vc ropr;rotr poripo lopti 6ronior<ooe 611 6vq
euaioOqro 6rdcppoypo (rrou eile rouo0errloer rov,d mo ocotrqvc yro vo ovrXve0et
orrrvo6olieg) nopouoio(e pro npoorvcorrq lopVn npdypo crorov6qro ytori o
o<ll(vog r1'rov orerrooprfvog ;re ro 6ro<povdg ;to6po 1opti. 'Orov 6r6xorpe rq
trerroupyic rou o<ulqvo n ldpqq e(orgoviorqre. To ernlqrrr16 yro rqv enoX( ereivq
yeyov6g qrov 6rr ro o6rogov6q Xcpri rrou epn66r(e rq 6io6o 6lcov rcov yvcoorcbv
-rotl- orrrvo8ohti-lv 6ev qrcv oe 06oq vo e;rrro6ioer rq 6io6o 'r<ov dyvroo'r<ov
oxrivcrrv rrou rpoivovrqv vo exrr6prrov'ror qrr6 'ro oollqvo. H qxrrvoBolic ourq
rrpoepX6rov o116 ro peroltro rqg ov66ou Trdvco oro orroio rrpoofrpouov ro
o<oprori6ro (qtrerrp6vro)'r<ov rq0o6rrcbv qr-rivov.

l6r6r4reg. Epeuvdrwog nopon6po rq ouplr€prgopCI rrls o Rcintgen 6rqrri-
oroot 6rr prropo60€ vq Srorrspooer ror dtrIeg ouoieq -err6g qrr6 ro Xopri-
6rr<119 ro {ritro, ro yuotri Kor ro xoouroof r, oprop6.vo pfrollo otrtrd xor roug
cv0pcirrnvoug roro65. Aroriorcooe or<6pro 6rr or pumrlpr66erq our65 oxtiveq
-rtg orroieg ov6pooe norriveg X)- €rn6porioov orry goroypqgrrq ntrdrc
ror 6rr q 6rero6urrx6rqrd roug 6r€<pepe o16 utrrr6 oe utrrx6. Apy6repa
6rorrrordl0qre 6rr or crriveg X q orriveg Rontgen (Poivryrev) 6rrcrrg errrrporq-
oe vq At,yovror orroppogci-lvrqr firproo6repo qrr6 rq Xqprrd ororXeio
peydlou oroprro6 opr0po6 rropd o116 rc etrogp6repo. 'Eror yp4yopCI rl
rorvo6pro orrrvoBolio XprlorpofiorqOqxe yro rrl rpolroyporprorl r<r-lv oordrv
(orrrvoypogio) Soop6vou 6rr ourd rrepr6xouv qooq6po ror oo66mro evcil
ro oopr<ir6n p6prl rou ocbporog ouviorovr-or o116 elo<pp6repo ororleic
6rr<o9 sivqr ro u6poy6vo, ro o{uy6vo, ro a(ano Kor o dvOporo5. H
topon6po fi€rpolrorrKq 6peuvo 66er€e 6rr or o6pcreg oxriveq Rontgen (a)
rrporoloriv erno;rnq qtrlros (rpOopropro) 6rov rrpoonirrrouv oe oplop6veg

Xqprr6g ouoieg evcb (B) 6rov npoonirrrouv oe o6pro 6qproupyo0v r6vro
rrporotroriv 6r1la6q rovro;r6 rov oepicrtv. Or r6r6rqreg our6,g 6rrco5 ror q

XrlplKn roug 6pdoq novor o€ goroypocprrq rrldxo Xprlolpofioro0vror yrc
rqv ovilveuorl rouq. Apy6repo ovorolO<p0qre 6rl nporoloriv ror 6roloyrrd
orrorel6,oporc.

H 96o11 rulv qxrivtrrv. To (qrqpo rqg rprioqs rcov oxrivcrv X rrop€prerve yrc
6vo brdmrlpd (qvotKr6r. 'Hrqv dpoye 66opq cpoprlo;.r6vcuv o<'r;.rorr6iov
6rr<o5 or ro0o6r165 oxrive5 q crroretroOoov pto rarvo0pra qlerrpoproyvqrrrq
orrrvo6oliq 6rrcog ro qcos Kor or yvoor6g r6re c6poteg urr6pu0p€S (Kol
urreprcb6erg) qxrives rrou eiXov ouXv6rqro prxp6repq (xcxr svriororxc pryo-
tr0repq) o116 ro gorq; 'Evo rcipro rprrrjpro qrov q ouFrrroprqopd roug pr€oc
oe r;lexrprr<6 ( poyvqrr16 ne6io. Ano6eiX0qre 6rr q 6€opq orrivorv Rontgen
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6ev errp6reror o6re ot6 qtrerrprx6 ofre otr6 poyvqrtx6 rre6io (6nco5

oupBoiver p€ rrs ro0o6r169 oxriveg) npoypo fiou qrr6rl€to€ rrlv fip6rrl
rouldXrorov er6oXr1. H axrive5 X 6ev 4rov 66op11 goprrotrrfvcov otoport6i<ov.
Kqrd ro 1p6vro rrou qrolo60qoov 6yrve orro6err6 6rr otoxriveg X ouvtmoOv

;rro ox6pc qlerrpoycyvqnr{ crnvo8olfq pe ouXv6r4ro peyotr6rep4 o116 rr1
ouXv6rrlrc rcov urrcpro6cirv oxriv<ov Kor (puorKd xqr rou oporoO rpror6q. H
6rd6oo4 rouq yiveror lorn6v Fr rn popgq eyr6porou qlerrpopoyvq,rro6
r0pcrog. Kdrco o116 er6rx6g ouvOqreq eivar 6uvqr6v vq qvorlooro0v, vo
5ro0lo'Jro6v q xor vo fiopouordoouv rporv6pevc nepiOloorlg ror oupBolrlg.

Aexoegro Xp6vro trrerd rqv ovoxdtrurpq rous o Max von Laue (Mot rpov
/rooue) {errvcilvroq o116 rrlv 16€o rrlg nepiOlcorlg 6rqve rq or6tpq 6rt ot
crxriveg our€g 0c pnopoOoqv vq e{un4perrloouv rrlv 6peuvo rqg 6tdrc[qg
rov or6p<ov oro €oo)repr16 r<ov mepe<bv. (Dorvo;revrrd q 166o qrov pdtrIov
=rnt1. Aoo;,r6vou 6rr ro Lriros r6poroq our<irv rtrrv qxr(v<ov 6r-rperre vo eivor
rrrep6ol"rxd ;.rrrp6, q nepiOlooq roug onorro6oe olop6q 11 epn66ro nol6

-;".prbv 
6roordoeov. Eg6oov lorrr6v to dropro (p6pro q r6vro) rq orroiq

.;.Jlrporo0oqv ro xpuorollrxd nl6y;,roro Bp(oxovrqv ot cxrroorooetg rrlg
',renq prey60oug ouro6 rou prlroug r6porog Kdr oe opro;r6v4 6nc,rq
,roreu6rqv 6roro{11, or oxriveq X 0q prropo6oov rpoonirrtovros oE
xpuoroMous r<ov mepe<i:v ocopdr<rrv vo rreprglcilwor Kqr vo 6ivouv prlvOpo-
To rxovq vo rreprypdgouv rrlv (0pxtrsKrovtK4) T(l)v rpumdllcov our<irv. Tq

':n6pgvo Xp6vro q p60o6og e(eliX0qre ps rn ouv€pycoio rou W. H. Bragg
(nor-6po) Kor rov W. L. Bragg (yrou) or orroior pdtrroro porpdmrlxov ro
Epo6e(o Nobel (NopneA) rou 6rouq 1915. H relvrrq roug ono6eiX0rlre
rrolurtp6roro uepyoleioD orrlv 6peuvo r4g 6opr1g rou o6pcrou ptxp6xoopou
16oo yro rous Kpuordtrloug r<rrv orepetbv utrrrcilv, 6oo xor -opy6repo- yro
ro yeverrxd p6pro rou ovOpdrrnvou odrporog.

Metd 14 v6,o qvordluqrrl ro yvcom6 p61prr6re gdopo rov qlerrpopqyvn-
rrrcbv arrrvoBofucirv eprrlouriorrlre. Or urr6pu0peg oxriveg ro qcos, or
urreprcir6er5 cxrriveg rqr or qxriveg Rotntgen orrorelo6oqv rr5 qtrerrpotrroyvtl-
rr16,9 orrrvo8olie5 rrou eiXov rqv i6ro g0orl, 6ro6i6ovrqv <rrg rllerrpopoyvrlrr-
ro rOprcro oro xev6 Fe rnv i6ro rolOrqrq ro)v 300.000 Xrtrrop6,rrov ovd
6eurep6trerrro Kqr 6r6<pepov orrg rrp6,q rou ;rrlrou5 16;-rorog Kqr rnS
ouXv6r4rog.

Ilcpoytoyq. Irlpepo or orriveg Rontgen 6rlproupyorivror pe ocolqveg
uqrrllo0 xevoO oro qlexrp66rq rorv orroiov egopp6(ercr uryqtr4 rdoq rqv
oroio rroipvoutrre crr6 perooXqprcrrmq. Iro eoorrepr16 ourdrv rov ool{v<r:v
6qproupyeiror 66opq xo0o6rrcirv oxriv<rlv, 66op11 6qlo6r1 arr6 rllexrp6vro, ro
orroiq errrT oXuv6p€vq oro X6po pero{tl rcov qtrexrpo6icov onorro0v peydtreg
rcX0rqreg Kqr orrl ouv6,Xero 4 trp6onrcooq rou5 cno pftcllo rrls sv66ou
(qvrrrq066ou) ouvo6e6erqr qrr6 errroprrrl qrriv<rrv Rontgen.

'Ex0eo4. O 6pog n€rOeor1o ovorpep6prevos o€ pto otroto6qrrore oxrrvoBotriq
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o6pc.

Ptr6lsvfpyela
Aiyoug pqve5 opy6tepq (1896), qrotrou0cbwo5 to iXvq tou Rontgen, o fdllo5

,puoixOg Henry Becqurerel (Avpi Mnerep61 1852-1908) o6qyf0qre o€ pro clvoKdlug'

cr6po rlo rwurrcDoror(. Avordtrur{re 6'rr or rpfmotrlor ev65 oprop6vou dlotog rou

oupoviou e{6rreprrov ou06ppqto pic o6porrl oxrrvo8otriq q otoia ;rnopo6oe vo

npoo6dller rrl qoroYPq<prx( nldro, vo npoxotrei 6qlo6q pro 6pdoq nXrlFrKRu'

To evrurroqrcr6 6p<o5 o', our( rqv rrep(rrr<ooq 6pror6rov oro Y€Yov65 6rt q

errroprrq tr;5 orrrvoBotrfcrg 6,6elXve vq eivqt o6rdxorrq Kql vq oupBoiver ove{dp, qro

qrr6 To ov q ouoio <porr(6rov q 6e <porrr(6rov.

Ap6ocog ;retd tqv ovordtruqq rou Becquerel, €vq (e0yo5 Xqprrcilv, o fdltrog Pierre

Curi6 (flrep Kroupi 1859-1906) ror q flolto-

vtlcx ovlv\6g rou Mopio (1867-1934), pra

o116 rrg rrpcbreg yuvcxi<eg rrou e;'rrpcxviorq-

Kqv orrlv rmopio rr.rlv €TrlorqFcbv, ov6)\o-

Bqv vs epeuvqoouv Bo00repo ro puorqpro

rq5 ou06pprlrrls €KnoPrIq5. Epeuv<irvro5

rr5 r6rorqreg evog opu<to0 rou oupoviou

nou tr€yerot nroooupovirqg ovo<dlu{.rov

6rr err65 o116 oupdvro 'neprefXe touldl-

orov pro o<6;ro ouoiq rrou el6rreprre 16rot-

ou ei6oug orrrvo8oliq ror trrdtrrmo ewo-

vcOrepo qrr6 ro oupdvro' 'Yorepc o116 66o

repiTrou Xp6vrc evro'nrqg 6peuvcS rord-

q€pqv vq evtorrioouv 6Xr 6vo oMd 66o

oyv<ocrro tqv erroXq ere(vq morleiq trou

e{crre;rrrov orrrvo8olio rropo;roro pe ourq

rrou eiXe cvcrotrOqer o Becquerel. To €vcr

orro tq rcotvo0pto o'rorXeio pe oro;ltr6

opr0p6 88 to ov6pooov Pq6ro (Ra). To dllo pre o'roprrr<6 opr0;r6 84 ovop6orqre

flolcirvro (Po) yrc vo rrtrrq0ei q norpi6o rq5 Marie. Iro rorvo6pro rpotv6pevo 660qre

ro 6vopo pa8tevtpyeta.
[1oro qrov 6p<rrS tt rrnYrl rns puorqprdl6ou5 clurqg po6rev€pyercS; Kotd ro Xp6vto

trou qxotroOOqocv -Kord rr5 opX65 6rllo6( rou qtcirvq pqs- rq oupnepdo;rorq rns

1Terpo;rcrrx(5 6peuvo5 epnlourrop6vq FE rrs rorvocpcveiS ov'r-rtrrir1-rer5 yro rq 6opq rq5

61115 o6llyqoqv rous epeuvq.r6,5 oro v(I urroorqpi{ouv sur6 ro orroio 6ex6poore

H Mopio Kt<.rupt
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ox6;ra xor oqpepo. H po6rev6pyera rrrlyd(er o116 roug rrup{veg r<rrv or6p<ov r4g 6145
<r qur6 eivcrr rdrr rrou 6e gorv6rov vo oupBoiver yro ropio dllq o116 rl5 yv<om65
orrrvoBolieg ereivqg'routrdlo-rov rrlq enol(5. To rpcrlg yra nopcrEerypo 6trto5 Ksr ol
urr6pu0pe5, qMd ror or urreprci6er5 orriveg rrpo6.plov'ror o116 6rey€poerg qtrerrpovirov
evcir <qr pe rrg oxrive5 X oupBoiver rdrr ovdloyo.

H rprioq rqs pq6r€v6pyero5..An6 rrg np6reg rr6log rrqpornprlosts rou
Becquerel 6rorrorcil0qKs 6rr or a6porc5 our6s cxriveg ugiorcvto errponq
on6 poyvqrrr6 rre6io rrop6pord p€ rqv er<rponq rrou fipoKolei'rar o€ 66oprl
rrvoup€vcov rpoprrop6vcov ocrrporr6iov. H gopc rrls eKrporrrlg rrp66r6e rqv
rJnop{r1 opvnrrKoO cpopriou. Or npcbreg qur€S trqpqrnp4o€rs {rov or€I€is
ror 6ev qnoxdtrurrrov rrlv rropouoio otrlqg popgl1s srrivov q otoio
cnorolOrpOqxe llyo olry6tepo. ljvropo 6rorrrmcbOqxe 6rt -6rroq Kot ot
orriveg X- q po6revepy6g orrtvoBotrio rovl(er ro a6pto. H 16r6rqro out(
err6,rperre orous epeuvrlrfg -exr6q o116 rqv oviXveuoq rqg o6porqS oKrtvo-
6olicg- vo rroipvouv Kor rrooorrx6g perpqoerg eurolcbT€pd, €vvo€irot, crr6
rn qoroypocprx4 p60o6o.

O Ernest Rutherford ('Epvem Po6epgopvr 1871-1937) 6vo5 c'n6 rou5 rrto
o{,r6loyoug rrsrpcrpqrr0165 rqg erroXqg o{'rorror<.bvro5 rrlv r6r6rqro rou
rovro;ro6 orr6.6sr{e 6rr or oxrivrs rrls po6rev6,pyerog qrcrv 66o 6rorpopertrdrv
er6drv. Trq ov6pooe ;-rotrroro cx (dtr<po) xor 6 (6qro) lpqorponorcirvroq ro 60o
npcbro ypdpporo qrr6 ro etrIqvr16 olcpd8qro. Evr.b or rpcilreg (or ol<po)
anopporpcbvrqr qrr6 peprrd exorooT6perpo o6po or 6e6repeq (or 6qro)
prrroporiv vo 6rorrepvoriv prro rrtrorq olouprviou rrdXoug ev6g Xrhooro6.

Or a6qro> qrov or oxriveg rrou e(1e ovrlveOoer o Becquerel. Krvo0prevo
opvrlrrrd <poprrop€.vcx.oc,-11-rori6rc. E1169 otr6 our65 o Rutherford arr6,6er{e 6rr
orq pa6rtvepy6 orrrvoBolio rrepr€Xeror 6.vo ox6pro oucrrqrrx6 ro orroio
rporotro6oe roXup6 rovrop6 olld 6ev ;rnopo6oe vo 6rotrepdoer trerrr6rqro

96trtro o'no oloupivro. 'Hrov or ley6peveq oxriveg notrrpo>, or orroieg
urpiorovro ror our6g errponq o116 ;-rcyvrlrr16 re6io qAlq oe ovriOetq -oe
ox6oq rpos rrs Bqro- rccrre6Ouvoq. To yeyov65 rpov6prove 6rr qrcv ror
our6g goprropr6vo orrrpori8rcx, olld pe rllerrpr16 <poprio 0err16. 4116 rrg
nopcr6po perprloerq 6ronror<irOqre 6rl ro ocrr;lori6ro 6qro 6ranepvoriv
orpcilporo utrrrci:v exor6 -rord p6oov 6po- qop65 rrolOrepa o116 ro
trenr-d orpdlporo rrou qvqr6rrrouv rc oorpori6ro nqlqsr. Ie nop6poro
oupnepdoporo rordlrl{e ror rl €psuvrlrrKrl 6pocrrqpr6rqro rou (e6youg
Curie. H po6revepy6g orr-rvoBotria cporv6rov trorrr6v va 6pr 66o ouvrorcboeg.
H onopr; 6;ro9 ourq ovorpdrrqre. Aiyo Xp6vro opy<irepo o l-dltrog guorx6g
Villard (Bttrlop) orr6.6sr{e 6rr ror perd rqv orropp6gqon rcDv o<l;rarr6icov c
rqr 6 or qCIroypCIqrr6g nldreg cpoivovrcv vo enqpeo(ovrol o116 rdrroro
o6potq qrtrvoBolio fiou rropouorc(6rov €ror 16rairepo 6rero6urrxr1. Enp6-
Karo yro rrg trey6peveg orr-iveg y (ydpo) or orroieg e;.rgovr(cv prro ouoroorrrq
6rocpopc crr6 ro ocotrroriEro o ror 6, 6ootrr6vou 6rr rropd rr5 rrpoonoOereg
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rcov sp€uvnrcbv rove6q ei6oug errporrq -qn6 ooo6rlrrore roXup6 poyvrlrr16
q qlerrprx6 rre6io- rporv6rcv vo oupBoiv€t orts orriveq our6g.

Aiyo cpy6repo ono6ei10r;xe 6rr
rq qpvqrrKa rpoprropr6vo o<opori-
6ro u8qrco eivcr 4lexrp6vto peyd-
lov rolurqTrov ro orroiq errr6-

Frrovror o'n6 roug nuprlveq rqq
6lnS Kor XqpoKrqpi(ovror atr6
peydtrq norrrlio rrpdrv ev6pyerog.

Epeuvrbvrog errioqq rrlv €KTpo-
rrrl r<rrv ocoporr6iov <dhgo> o116
poyvqrr16 rre6io o Rutherford
arr66er{e 6rr ro rrrllixo (q/m) rou
gopriou rd0e oorporr6iou npo5
rn pd(a rou ovrrmorloOor o€
o<o1.rcri6ro rop6poro pre rruprlvo

rou cr6pou rou qliou (He). Ie 6vo rpiorpo neipopo trou €yrve oro 1906
ono6eiXrr;xe 6rr toyr6etiovroq rrg axriveq odkpqo eivqr 6uvor6v vo rrpor6-
rper o6pro ro orrolo 6rarrrmcilveror 6rr efvor rlho.

To ocoprori6ro o oup8oii(eror 6no5 xor o nup4vog r l l iou pe 1rHe. O oprOpog <2> (croprxoq
opt0pt6g) pog 6iver to rrlqOog rcov ororXer<r:6rbv gopri<ov (e) rou o<oporr6iou Kqr -ornv
nepinr<oor1 cur4- ror ro nlr10o5 rov npcorovicov. O dMoq opr0p6g o <4> (pc(rx6g apr0p6q)
urro6rllcirver ro ouvofu<6 ntrr1Ooq rrov ororXerco6cbv oorparr6itov srr6 rq ofioiq qrroreleiror

ro ev l6y<o ocopaT (6ro. O rruprlvog 4liou nepr6.1er 60o rrpor6vrc xqr 66o verp6vrc, r6.ooepo
ouvencirg oro oOvo)\o morlercir6q ocopc, i6ro (vouxtre6vro). Kord cvdloyo rp6no ro o0pSolo

'zf[Ra pcg trcporrE.prrer oe rrup(vo pa6iov-226. fip6xerrcr yro rruprjvc pe 88 npa:r6vra, pe
q)\exrprx6 goprio f88e xqr pe 138 verp6vra, oOvolo 6qfc6( vouxleovicov 226. To o0p6olo

'z3elU urro6rllcirver rruprlvo oupoviou-238 pe 92 npcor6vro qlerrprr6 qoprio +92 Kq 146
verp6vrc.

'Ooo yro rrg orriveg y or epyooieg rupiarg rou Rutherford 6,rreroqv 6rl ro
6teto6urrx6 our6 rpq;ro rqg po6rev6pystos eivor qlexrpo;rcyvqnx{ qKrrvo8o-
lia 6rro5 or urr6puepss, ro (pos, ol urreprcil6€rs Kor or oxriveg X pe ouXv6rqro
6pcog peyol6repq o116 rr1 ouxv6rrlrq rcrrv orrivcov X. E{unoKo6€rcl 666oro
6tr 4 ovoxdlurprl rotv orriv<rrv y 6le0puvr ro yvroor6 pa5 gdopc r<ov
qlerrpopcyvrlrr xdrv qrrrvo6olrrirv.

Kord rrg 6eroerieg fiou oKolo60qoov ano6eiX0qre 6rr rl €Krroptrn
po6rev€pyero5 oXeri(erqr Fr ro ({rnFc rrls rruprlvrrrlg 6opr15. Avoyvcopimq-
re 6rr or rrupqveg r<ov 6rog6pov orotxsiorv (roor6rrcuv) 6ev 6Xouv rqv i6ra
<mo0ep6rqrq>. Ko0dl5 o rruprivqs €v6S or6prou re,iver vc percrr6oer oe
Kqrdoroorl F€yql0r€pqs orCI0€p6rrpo5 ern6prrer po6rev6,py€rq.
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Po6revepyd morleio 6ev eivot trr6vo ro oupdvto, ro rroltbvro Kot ro po6ro.
'Olo oXe66v ro crrorxeiq rrou 61ouv oroprrx6 opr0p6 peyotrOrepo qrr6 82
(nuprlveq 6qlc6r1 pe rrdvco on6 82 rrp<r:t6vro) er6qlcilvouv ou06pprlrq
pc6revepy6 errrotrrtq o<oporr6ialv o Kdl or nupqveg rous p€Tqrp6rrovtot oe
6rogoperrroOg mo0ep6repoug nup4ve5 pre prrp6repo 4
otopr16 xor po(r16 opr0p6. O nupq
yro rrapd6€rypd pe rrlv ernopnrl ev6

;lerorp6nerar oe nuprlvo poEoviou ;re
prrp6repo rqro 60o povd6eg Kol
prrp6repo xord r6,ooeprg povd6eg. fl
prolerrr 14 F€rqororxs(cooq. Oprop6vc
rro ororleio 6rrrrrq ro rdfuo (K) xor r
ex6qlcilvouv erriorlq ou06pp qrrl (rpuor
B q orroiq rrporolei peroororXeicor
ropdberypo eivor q peroororleiu:or1
pcyvqoro. Ae6o;l6vou 6rr ro orrl;rori6ro 6 oupBotri(eror
6rrco5 Kqr ro qlexrp6vro Fe -?e pnopoOpe vc ypdq,roupre

?lNa -' llvtg + -ore

TeXv4r4 Po6rev6pyero. Err6g 6pog on6 ouro, ro 6ro5 1934 6ronrordrOqre 6rr
prroporl;re vo 6qproupyo0pe po6revepyo morleio (ro6rotra) pe rp6rroug
relvqroOg. Av yro trcpd6erypro 6op6ap6iooupre 6vc rp6trtro alouprviou (liAl)
pe ocopcri6ra o 0o rrpox6rper ro ro6rorro rpcoocp6pog-30 (?3P) ro orro(o eivqt
pa6revepy6. llp6rerror yrq rrl ley6prevq reXv4rrj po6rev6pyerc.

Eivor pdfumCI XopoKTrlprorr16 6rr xq06vq qtr6 rq oropoti6ro rrou errr€prret
o po6revepy6g goocp6pog-30 6Xer pd(o iorl pe rq prd(o ev65 qlerrpoviou rqt
rllerrprx6 goprio e qlld 0err16. To ocotrrcrri6ro out6 tr6yeror no(rrp6vro (*6

I *?e) rcr qvorqlO<p0qre qrr6 rov Anderson orqv Kooprrq oxrtvoBotrio ro
€rog 1932, 6uo 6r1lc6r1 1p6vro trprv ot6 rqv ovcrotruq,rq tqg reXvrlrq5
pc6rev6pyerog.

Mnopo6pe vo ypdrpoup€ ?gP 
- 

?!Si * *?e.
A€i4er r6loq vo rov(ooupe 6rr o€ roO€vq qrr6 rq rpotv6pevo rrou

nepryporl,roP€ rrqporrlpeiror c) 6rcrrlpqorl rou qlerrprro6 gopriou 6)
6rcxrrlpqoq rou apr0po6 rov vouxtreovirov y) 6rorrlprlorl rrls ev6,pyercq ror 6)
6rorqprloq rns oppng.

Xp6vog uno6nrlqorcoyoO. O pu0p6q extopt(g tqg po6rev6py€ros perpt6-
ror or povd6eg Becquerel (Mrrexep6tr). To 6vs Becquerel ovrtorotlei o€ FrcI
Erdotrcroq ovd 6eurep6tre,nro. Iup8otri(eror pe 1 Bq. H tooortrq 6peuvo rou
cporvop6vou prog 6eiXver 6rr o pu0;r6g exnopnrlg po6rev6pyero5 ev6g ouYKe-
xprp6vou nopooxeudopqros rropouord(er q6tdrorrrl peirrloq.

Ag urro06ooupe 6rr oe rdrrorq Xpovrrrl onyp{ -rrlv orroio 0ealpo6pre org
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opX( rov Xp6vov- 6ro0€.roupe oFoa6sis pCIbr€vspyoOg nupqveg ntrf10oug
Ne. Arorrrmcirverqr 6rr oe oprop6.vl. Xpovrrrl 6rdprelo T q orroio e{oprdror
'p6vo o116 ro ei6oq rrrlv rruprlvo)v fiou 6ro06rou;re, o opr0pr6q ro-lv o6rdorro-
orov rrupqvorv 0o 6Xer yiver N6/2, prlsf 611lo611 Tou opxtKo6 cpr0pori N6.

Karo rq lpovrxq 6rdpxe;c T rrou 0o
oxolouOqoer, o opr0p6g rov o6rd-
orrcor<rrv truprlvorv 0o yiver Ns/4 pro6
6qlo6r1 rou Ns/2. Aur6 0c ouveXi(ercr
ooropdrrlro, €vto q lpovrrq 6rdprero
T 0o rrapapr6ver ovefdprnrn o116 rrg
rrp6q nleoqq ror Oeppoxpooioc, o116
rq Xrlprxq o6orooq rqg ouoiag orqv
ofioiq 6pioreror ro po6revepy6 rropo-
oxerjcopo oltrd rqr o116 rqv ffqpou-
oio qtrerrprr6v q pcyv4rrrdrv rre6iov,
ove{dprr'1rq or re}e uroio cxvdluoq

on6 orr6quore . H oroOepq ourq Xpovrrrl 6roprero 11 orroio yro xdOe ruprlvo
eler pro XqpoKrnprorrrq rrprq, tr6yercr 1p6vog ui",r6lnlqoluopori. To rcb6ro-
131 (131t) yro 'rropdSerypo €1er Xp6vo urro6rrrtrqoroopou B p6pe5. Aur6

oqpoiver orr ov o€ Kt,rrorq dnyF4 urc06'roupe evo
po6revepy6 rropcorefoopc pe N6 nupqveg rco6iou-
131, p6oc oe orrcb ;r6pe5 0o ylvouv Ns/2 6roordoelg,
rord rrg e"r6peveg orrcb p6peq 0o yivouv N6/4
6rool-rdoerg .:vri: rord rrg orrril ;.r6peg rrou 0o
orolouOr'1oou r 0q oupSouv Ns/B 6roondoerq mo
i6ro rropooK€L ropo. Or Xp6vor urro6rrrloorcopoO
rorv 6rdrpopcov oor6rrorv rrupqvcov rrorxlllouv. fro
ro oupdvro-238 e'vqr 4,5 6roexorotrrp6pro 1p6vro, yrcx
ro po6ro-226 eivo' 1602 Xp6vro, evcb yro ro notrcirvro-
212 eivar p6trr5 3'10-7 Eeu'repolerrro.

Broloyrrd arrorel6oparc. M6Xpr ro p6ocx 'rqg

6eroer(og rou 1920 or cvOpconor oyvoorioov ro Oqvoorpo yr 'ouror. i5 xiv6uvo
rrou rp06er 11 pa6rev6pyero. lripo ots1925 Eyrvov yro nprirrq qopd yvcoor€g
or 0ovorqg6peg r6r6rqrrs rov srrfvov o, 6 ror y. H po6revrpy6s qrrrvoBo-

trio rrou oroppocpd 6,vog opyovrop6q eivor 6uvqr6v vo Korcxorp6rper rou5
rmorig Kor ro oord ror vo rrpoxotrf,oer rpopep6g yeverrr6g avolpolieg
roroorp6<povros ro rOrropo cvofiopoy<oyq5. E{urroxo6erqr 6rr rq qrrort-

l6,o;-rora eloprd:vror o116 rr1 66oq KGr ro pu0p6 cxnopp6<pqons rrls
pc6rev6pyerog.

A6oq rar roo60vopq 66oq. H 6,worq 66oq 6ev ovocp6,peror p6vo orq
po6rev6pyero.'Orov ;.rro onoroSrprore orrrvoBol(o (po6revepy6s, KooptK4,
Rontgen, rrpcorovicov, verpovicrtv r.lrr.), 6rcrrepvd rqv 6lq r(g pero6r6d(er

SlRb 4.88 X l0ro yr
t ; |BU 4.s X l0eyr

i$K 128 x 10e:-r

'31P" 2.44 x lOa yr
tAC 5730 yr

'38Ru 1602 yr

'j[C. 30.0 yr

38S. 28. I yr

iH 1'2.4 yr

89Co 5.26 yr
tgil 8.05 day
t[c 2l  min

2T 3T
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;.rro rroo6rqro on6 rrlv ev6pyet0 fiou perorpriper. H ovd provd6o po(qs

CIlroppogofpevq evE,pyero trfyeror 66o11' Oq povd6o 66o115 Xpqotporroteirot
ro 1 iad. H l6{q npo6pleror on6 ro radiation absorbed dose rrou oqpo(vet

66oq aroppocprTpi.vrlg qxnvo\oAiqg' 1 rad eivor 10-2 J/Kg'

To Brotroyrrd oproS orroretr6otrrorq rrls onopp6cpqorls oKrlvo6otrrdlv

oxeri(ovror KOr pE rr1 rp6ci1 rns clroppog<irpevqS qxrtvoBotrio5. Mro 66oq,

tr6you 1dprv, opropcvcov rad orrivov y 6ev rrpoxotre( rov (6to tovtolto ps PlCI

66oq io<rtv rad nou npo6pleror otr6 rrpo:r6vro. To yeyovoS ow6 eile CO5

ouvd,rrerq Trlv rrooy<rryq ror oro6olq ev65 ouvretreorr; (o), e{oprcirpevou o116

rrl guon rq5 npooBotrtrouoo5 orrrvo6olioS. To yrv6pr€vo rou ouvreleorrl
quro6 en1 rq 66oq pcq 6iver rq Trey6pevq rco66vapq (r7 evepyo) 6oot7 pe

povo6o petpqoeoq ro rem (roentgen equivalent man),

o x A6oq (oe rad) : loo66voprl 6ooq (oe rem)

TUfiOS

arrrvo6oliog
ouvtelemrl5
(o)

orriveg X
arr(veg y
qlerrp6vro
cpyd vetp6vto
rrp<or6vto
otrlpori6ro o
6cperd r6v'ro

1
1
1-1,7
4-5
10
10
20

O cnopro;rr1r45 Geiger (kdryrep) o orroio5 ecpeup60rlre to1928 e€orotrou-

Oei vq qrro.retre,i rnv rlro 6ro6e6o;r6vq 6rito{r1 yro oviXveuorl K0l xorcpsrpqoq

oxrrvoBotrrcirv. Iuv(ororqt qrr6 6vo rtrercrr6 ;reroMrx6 q yuotrrvo x0trrv6po rot

6va trenr6 povcop6vo o6ppo Trou 6pior€r0r o-rrl 06oq rou o(ovo rou

rutriv6pou ror ouv66er0r pe ro oerrx6 n6tro nqyq5 mc0ep45 rdoq5. o dtrtros

n6lo5 rns lTny4s ouv66erqr ;re rq fr1 KOr p€ rov prercllr16 xutrrv6po 11 pe 6vo

oyd;yrpo roixcopo rrou 6pioxrr0t oro eocoreprr6 rou oo:trqvo qv eivqt

yuofuvoq. M6oo mo o<rrlrlvo urrdpler o6pro u1T6 xCIpn^n rrieoq. H trerroupyia

rou Bcxoi(erqt orov tovrop6 rrou fipoKotrorjv ot orrtvoBotr(eg oro o6pro. A6yto

rqq oxerrrd peydlqS SrocpopoS 6uvo;rrxori p6fug ero6tr0s| crro €oortplKo rou

ocotrqvo 6vcr rovi(ov ot-lpori6ro tpoxotreitor rllexrprrrl tKK€voon pe ouverreto

rq 6io6o qtrexrprro0 peuporo5 ;.16oo o116 cvriorooq oprerdrv Mo rrou

ouv66erqr oe oetpo ps rov orropr0;r4rq. H exr6v<oorl rrou 8q;rroupyeirqt 6ev

;rnopel vo ouvrrlpqOei rqr o onoprOpqrqq enov6pxtrql orrlv rPonYouptvn

rcrdmoorl 6rorpoS va anapfiprToet ro err6pevo ocoprori6ro rrou 0o eroBqler

o'our6v.
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Aup6vo rrtrpq6eiypcrrtr
1. Iro cxrpo ev65 xorcxopurpou etrorqpiou orcOepo5 k:20 N/m eivor

xpepcop6vo 6vo orirpo pd(qS m=L00 g ro onoio erretrei rorox6pucpq
opeico-rr1 ror etre0Oepq roldvrcooq. 'Onrog <poiveror Kot orq oXqporrxrl
nopdmooq, rd0e gopd fiou ro oci-lpo
Bpioreror orqv ovcbrepq 06oq rou ro
elorqpro 6Xer r-o guorx6 trr4rog rou.
gq qrro6ei{oupe 6rr q rolovrcooq
eivor optrrovrxq 0c ur-roloyioouF€ rrlv
nepio6o Kor ro nldrog rrls Kot orn
ouv€,1erc 0o ovo(rlrrlooup€ rrq 06oerg
e' xe iveg orrs orroieg q 6uvoprrq
ev6,pyero eivor peyotrfrepq o116 rqv
rrvrlrrrrl .

Oecoporipe 6r l  g:10 m/s2.

I
l - 1

,L
1

__l

o. Or 6uvdpers f iou (r()h()(, \ ,ror oro ocbpo xoro rr1 6rdpxero rqq xiv4oqq eivor ( i)  11 oroOep4
66vcpr1 u6dproq,, B=mg ror (ii) 4 peroBoll6pevq 6uvopn (F.J r4v onoic qoxei ro etrcrrlpro.
I6p<p<rrvo pe ro v6po rou Hooke 11 rrprl ourrl q5 60vcpq5 eivar avdloy4 rrpos rrl pero6otr4
prlxoug rrou rropouoro(er ro elor4pro (oe oX€or1 fipos To guorx6 rou prlxog) oe xdOe ortyp4.

Kd0e rpopo rrou ro otbpo nepvdet on6 14 06o4 euoroOotig roopponioq or 60o aur6q 6uvo;rerq
roopponoOv. Yrro0€roupe 6rr o' ourq rq 06o11 q prlxuvorl rou elor4piou eivor iorl ;re /.

Oo roX6er >F:0 > B-F.^:6 l
rr iprporvo pe ro v6po Hooke F,n=p1 ] 

t  B-k1=0

Oeopo0pe rcbpo ro odtpo oe pio ruXoio mrypq rqg rivrlorlg rou (oX{po) xord rqv oroic r1
onopdxpuvorl rou 0q eivor i. Irq 06o11 ourrl q 66vop11 rou elor4piou 0o 61er p6rpo Fi:k(/+x).

Ewotri(oupe rqv rrpoool( pq5 orn ouvrmop€.vq rov 66o coroup6vtov 6uvdpeov. frc vo
ono6ei{ou;re 6rr q xivqoq eivor (qntr4) appovrrrl rclcvr<oo4 0o Xperoorei vo 6ei[oupe 6rr yro rrl
ouvroro;r6vr; roXfouv 66o rrpdy;.roro. (i) 611 6Xer gopd cvrlOe'r4 on6 r4 gopd r4g arropcxpuv-
orls Kor (ii) 6l f,1er lp4 ovdloyq npo5 rrp{ rrlq cnopdrpuvo45.

Mrropoope 6p<rrq vo orrpoo6dlloup€D Kor rouq 60o auroog m6Xouq pa(i opxei vc
Xprlorporrorriooupe rnv 6woro rqg olye6prxrig rr;rr1q rov ovrfcrrorXtov Erovuotrrdrcov. B68aro 4
6.woro rrlg olye8prxrlq rr;rr15 61er ovcyxrl otr6 d{ovo. Oecopo6pe lorn6v 6vov d{ovc Oerrxo
rrpoocvorofuo;ri.vo xcrd 14 <popd rrlg oro;rdxpuvo4g. Ael6poore errioqg 6rr ro o6p6olo <Fo
Kot (x) rtclplordvouv ttg clye8ptx6s rrp6g rqg ouvrorcp6vrl5 r<ov 6uvdpe<lv Kqr rns anropdrpuv-
oqq ovriororlc. Oo roXfer F:B-k(/+x) ) F=B-k/-kx. Ener6rl  6p<og B-k/=0 q ox6orl yiveror
F: -kx.

Aronrmcirvoupe 6rr perq o16o4 F=-kx enrre6X0qxov xor or 66o m6Xor pc5. H xivr lo4 eivcr
cppovrxq roldw<loq xol 4 oroOepd erovorpopdg (D) ouprrirrrer xcr o'our4 r4v nepirrr<oo4 pe
tq moOepd rou etrorqpiou. H o6pnroon pos o6rlyei xcr mov uno)\oyrop6 rqg nepr66ou.

l_j# ) 
+ r=2rVm/k. r:0,63 s.
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6. Kd0e gopd nou ro ocirpo Bpioxeror m4v ovcbreprl 06oq rou ro elcr4pro onoxrd (odpg<ovo
pe ro 6e6op6.vo) ro guorx6 p{xog rou. ,4116 qur6 ou;rrrepoiveror 6rr ro ntrcrog (xs) rrlq
rotrdvr<oor15 0q €,ivqr ioo pe rrlv etrrp(xuvoq (/) nou 6xer ro elor{pro m4 06oq roopponicg. Oo
eivqr trorrr6v

;:J,=, \
B=mB )

) xo = xo:10 cm.

y. H 6uvolttx{ ev6pyera (U) rou oppovrro6 ro}ovrcorrl, 11 enrtrl6.ov 6qlo6r1 6uvoprxq ev6.pyerc
rrou 61er oe oX6o4 peT r; 06oq eucrrc0o6q rooppon(og (6rrou 0e<oporipe U=0) eivor ioq peDx2l2.
Eg6oov D=k 0o eivq lJ:kx2lL. Zt1r61tt rrg 06oerg mrg onoieg 11 6uvcprxrl ev6pyero 0o eivqr
peyol0reprl on6 rrlv xrvrlrrrrl (K). H ofux4 ev€pyero eivor kxn2/2 ioq 64lo611 pe rq p6yrmrl
6uvoprx{ ev6pyero. loX0e

K:!kxo'-*k*'  \

:ri--" 
j + ]u'>j-t*u'-j:k*' ) 2x2>x62) l.l'+

2. H elcporq crr6oraoq ovdpsoo os qvrrKriprvo Kor rrpoypurrK6 ei6ollo
Ev6S ouyKlivovroq qoKo6. Yrro06.'roupe 611 6vo ypCIl..rprK6 (porav6 dvrrre(pe-
vo Bpioxeror prrpooro os lsrrr6 ouyrlivovrCI gCIK6 raOerq orov K6pro d€ovd
rou. Eg6oov q on6otoo4 Tou (o) o116 ro rpor6 eivor ;-reyotrOrepq q1r6 Trlv
eorrcxrq or6crrooq, ro ei6colo eivor rrpoyporrr6 Kqr pfiopofpe vo ro
ovrXve6ooups trs rn 6oq0ero ev65 rrerdoporos. 'Orqv ro avrrreipevo
Bpioreror orn pio eorio rou qoKou ro ef6c'rlo 6qproupyeirqr oro drrerpo. H
orr6orooq (d) ovrrrerp€,vou-er6drlou elvor o' ourq rqv rrepirrrcooq crrerpq.
Arroporprivovrqs ouveXcbg ro ovrrxeipevo qrr6 rov crivqro <por6 6rorrror<b-
voup€ 6rr q orr6orooq d elorrcirverar, q rrpq rqg rp0dver o€ 6vo eldXrmo rcr
orq ouv6lero ouEov€r oro dfierpo. Mnoporip€ vo ufio^oyiooupe ro eldXrmov
r-q5 cxrr6orqons ovrrKerp6,vou er6cblou.

A5 elvcr B q on6oroorl rou rrpqyparrro6 er6cblou otr6 ro <pox6

111
- \_!

-  o 'd-a- f o(d-o) f

fro vo fXer npoytrro-rr165 pi(e5 11 6eurepo6d0pro (og npog o) e{io<oo4 mqv orrolc xorolq{ope
0o rp€rrer q 6rcrpivouod TrlS vo eivor peyclOrepq otr6 ro pq66v.

d.-4df>0 + d>4f.

H or6moorl ovrrrerpfvou-er6cillou eivor trornov onroo6rlnore peyotr6rep4 11 iorl on6 ro
rerparrldoro rrlg eorroxrlq arr6oroorl. H eldlror4 crr6mcoq 0o eivqr ouverrcbq iorl pe 4f. I'
ourrl rrlv nepirrrooq 4 nporlyobpevq 6eurepo6d0;ro e{iocooq 61er 6tnl{ pi(a <t--2f . Ir4 06oq
6qla6q rrlg eldXrorrlq orr6mooqg o rpcr65 6pioreror mo p6oov ourrlg r4q an6moorlg
(a:B:zfl xsr ro ei6ortro 61er rrg i6re5 6rcorooets p€ To cvrrraipevo.
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Apoorqpr6rnr€S o Epalqons o Aorqoelg
No 0ec'.lp4Ooriv yvtooro: H roXtirqrc rou gcor6g oro K€v6 co=3'108m/s, o 6eirrqg 6rd0looqq rou o6po n=1,

q 6opurrr( errrdXuvorl g=lOm/s2 Or rpcroi Oe<oporiwcr )\errroi. To g<o5 -eg6oov 6ev ovog€peror rdrr
6rorpoperrro- 0o 0copeiror povolpoporrxo.

Apaortlpr6rqrss

5.1. Iro epyaorrlpro. ,{116 to oxpo evog
rorox6pucpou etrorqpiou rpepdpe 6vo
otirpo ro orroio 6Xoulte tpoqyou;.t6vtog

(uyioer. Irq ouv6,Xero
ro errp6rroupe crrr6
rq 06oq roopporri<rg
Kqr H€TpqPr rqv fiE-
pio6o (T) rrls Kqro-
16purpqq rq,\dvrco-
oiS rou. Kdvou;re

;.rro ox6pq p6rpqoq
yra 6roqopetrr<6 nld-
rog roldv'rcoorls. E-
rrovolo;.rBdvoup€ TrS
perprloer5 yro ocilpo-
'ro 6rogoperrrrbv po-
(cbv ror xdvoupe r-q
ypccprrq nopdmooq
r'?=f(m) q'n6 rrlv
orroiq urroloyi(oupe
rq oroOepd rou elo-
rr lp iou.

T

ro)v) rou oXofuxo6 epyomqpiou rrpoo-
rro0qme vo 6r;proupyqoere ro <porv6pe-
vo oup6otrr15 trov <upd'r<ov.

5.4. Kord rq 6rd0trooq oe et6rr6 yuoli
perpq0qrav or rropoxd'rco ttp6g rov yto-
vr<bv rrp6onrororls (0r) ror tcov ycovtcirv
6rd0loonS (02)

01 (oe ;roipes) 3' 6' 9' '15'20'30'40o60o80o
02 (oe poipeS) 2" 4' 6"10"13'19"25o36"41"

Kdve,e oe Xop'ri prMrperp6 rrg ypocpr165
nopoordoer5 (i) 0z:f(0r) Kqr (ii)
qp02:f(qp01). Arq'rut<irore ro oupnepd-
opdrq oro orroio r<o'ratrqyere.

5.5. Xpqorporrorcbv'ro5 6.vc trerrr6 ouyrli-
vowo cpor6 nqpope Trg nopordr<o ;re-
rpqoerg yrq rrs orroordoerg ovrrxerp6.vou
(q) rqr trpoyporrKo6 er8<iltrou (6) on6 ro
qqKo.

l
I
I

t
5.2. Iro epycor4pro. Merpdpe rqv trepl- - q (oe cm) 80 60 40 30 25
6o (T) ev6s orrlo6 errpe;ro6g. Enovolop- 6 (oe cm) 27 30,5 39,5 60,2 99,5
Bdvoupe rrg perpqoerg ;rerc8dMovro5 ro
pqxog (0 rou eKKp€Fori5. rdvoupe rq Kdvere rr1 ypocprrq nopdmooq 1/6 :

ypogrr( nopdorooq t':t(.t) atr6 rqv f(1/o) ror 6ooer ourq5 unoloylme rqv
oroio urroloyi(oupe rqv rr;rq (g) rqg eorror<( orr6orooq 'rou 9oro6.
Boputrxqg enrroluvoqg.

5.6. Arq06roupe 6.vc ouyxlivowo rgox6
5.3. Xpqorporrorci.rvrog ro <rr6cbtro rupd- roXfog 4m-r xqr 6vc ypo;rprx6 owrxeipe-



vo Kqe€,ro srov K6pro d{ovo ro orroio
yro 6rdrpopeg 06oerg-onoordoet5 (o) ono
'ro <pcxr6 pog 6iver tpoyporrr6 ei6cotro
rd0ero mov rf pro d{ovo. Xpqorponotcil-
woq prlfuperp6, Xopti xdvere rq ypa<ptrq
rropcmooq p=f(q) onou <o, 1 exoorore
orr6o-rooq rou qvrrK€rp6vou qrro ro (Pq-

x6 ror (p) rl qvriororxrl ypqpprr( peye-
0uvon.

Eporqoerc, {$$

5,7. Zro epyomqpro. Bpeire 6,vo rp6to

cilore vq qrro6ei€ere rrerpoporrxd o'rt 11

roxus €vos ouorrlporos ouYKnrvovrov
<porcbv oe eno<pq eivor ioq pe ro eOpor-
opq r<ov roXricov r<ov 66o rporcirv.

Eptorrpo€rS

5.8. 'Evog rpo6o6o0po5 rroi(er 6vo rop-

po'rr mqv rrOopo rou Kol o uqvrirrolos>

ro6 crrrqv'rder pe nupoBotrro;rorig. f loto

o116 ro ovrqllooo6pevo pqv0poro p€-

rc8r8d(ovror p€ rrl poPq4 rOporog rot

rroro peroBt8o(ovror pe dllq popq4;

5.9. f loro eivqt ro 6qorro yvoploporo
€vos Kutrroros;

5.10. H pf,tpqoq tqg po(o5 ev65 oci:porog
Booi4eror ouvq0o5 orq Bop6rqro. f lto5
0o pnoporioqpe vq perprlooupe tq po(o
rv6q ocopo'rog ov urroO6ooupre 6'11 8pr-
o16poore err65 tre6iou 6opOrqrog, 6ro-
06rovro5 6vo elorqpro yvoor(g moOe-
pog xor 6vo lpov6perpo;

5.11. Tr evvoo6pe }6yov'ro5 6rr <6vo5

op;rovrr6g rotrov'rcorq5 r61er 6uvo;-rrrc(
ev6,pye ror;

5.12. Tr 0o oup6ei  orqv nepio6o ev65

errpepofq qv ro l irrqq6poupe on6 tq
Nop6rlyio mrlv K€vuo;

5.13. To 6roq '1850 11 y6gupo rou norq-

Maine (Morv) <o-16ppeuoe xoOcbg

tr6Xog orporrclrci lv 6rcxrqpti>vroq

orpo-rrorrrxo Bqporropo nepvo0oc orro
rrovco rq5. Mrropeire vo e(rlyqoere yroti
ouv66q ouro ro yeyovo5;

5.14. l lepryporpre rrlv o;reiorrrl qlerrpo-
poyvqrrrq roldvrcooq ev6g rur<lcb;rcrog
Thomson, o'rq ytrci-looo rq5 ev6pyeto5.

5.15. tlcbg ewoo0;re 'rr1 yevircuoq crrov
6po nrotrdvrcrroqr;

5.16. 'Otro ro r6poro 6Xouv Pqrog x6-
pqToq;

pou
6voq
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5.17. f loro eivor q npoUn60eoq cbore 6vo
x6pa lcilpou vq eivqr o<porpr16;

5.18. Evrotriors rrs olpqvrrr6repe5 xord
rq yvcbpq oo5 6rocpop65 avdpreoo oe
qlerrpopoyvqrrrcr x6prorc xor oe rfpo-
rq elooT rx6rrlrqs.

5.19. l lorq eivor rq (qvrrK€rLrEVrKd oror-

leia> to onoio 6r;proupyoriv ro yvcbpr-
opo rr ls xporoS;

5.20. H r66q nou 6Xoupe yra rq g<ovri
pog. 'Otroro5 oxo0er rq rp<ovq'rou qrt6

poyvqr6rpcr-lvo rqv ovrrlop6dveror rrro
lenrrl otr6 6rr v6pr(e. fro-ri dpoye oupr-
Boiver our6; (An. To peyol6repo p6pog
rou rl1ou nou oro0pe xoOcb5 prlope
-ror <uplcr-lg or Xop11165 oulv6T qre5-
rrpofple-ror qrro ro r€poopo rou [1ou
;.16,oo on6 rq oorq rou xpoviou pog. To
poyvqr6<prrlvo roroypoger rq rp<ovq po5
orroAloyp6vrl on6 rrg Xopql6,5 ouXv6-
rqre5).

5.21. l- leprypdqre rr<o5 pero6r6d(eror o
qlog oe pro po6rorp<ovr<q ernoprrrq.

5.22. Ka'ra 'ro 1Bo qrdrvq q ocoporr6rorq
Oeorpio yro ro <pcog rrerpdrqoe erg Bd-
pos rnS xupo'rrrq5. l lorog qrov o oqpq-
v'rrrcb'repog rord rq yv6prl oo5 l6yo5 yr'
ourr l  r r lv  errrrporqoq;

5.23. H vrouvrofxq xor q rrepi0Aaoq. O
qXoS rnS qovns poq n6yoivowoq o'116'ro
o-r6po, 6rcxX€e'ror opor6popcpo rrpo5 rd-
0e roreOOuvor1. 'Orov lpqorporroroOpe
v'rouvroOro o {XoS oroOyeror roXup6're-
pos fipos rqv rore60uvoq rrou eivor
orpopr;r€vo 'ro X<ovi. trtrri dpoye;

5.24. H veurovrxri qu0evriq un6 oygr-
o6{rqo4. Koro ro 19o orcbvq q o@porr-
6rorq (veurcovrrq) 0eolpio yro ro g<os
rloviorqre rqr relrro rropopepimrlre

on6 rrlv xuporrrq Oecopio. frori ouv66q
qur6;

5.25. f lcog propel vo ;.rerpq0ei 
To pr(xo5

16;roro9 prqs povoxpcoporrrrjg qKrrvo-

Bolioq;

5.26. Kqrd rr 6rocp6per q rororrrprrq
ovdrlooq o116 rq 6rdluoq;

5.27. flcrva oe enine6o ro0p6<prq lrpoo-
rrirrre r ouyrtrivouoc <p<orervq 66otrrrq
npoepl6pevrl o116 rdrroro cpo16. H eorio
'rq5 q orroio 6plore'ror <rrioo), qrr6 'rov

ro0p€grq qror€lsi €vq (qqvroorrK6

ovrrreipevo>. Arro6el{re 6rr q 66opq perd
rqv ovdrlooq 0o eivor Kqr fidfu ouyrli-

vouoq. Mnopo0pe vo roxuproro0;re 6tr
oXqporiorrlxe 6vo rrpoyporrr6 ei6cotro.
Ano6ei{re 6rr ro ei6colo ou'r6 eivor oup-
perprr<6 <oS rrpos -ro ovrtxeipevo. flcbg
prropo6pe vo ovrlveriooupt ro fipoyHO-
rrx6 our6 ei6<olo rrerpopo'rtxd;

5.28. Ie rroro o116 ro ouprrepoopord rou
yrq rrl 6roOlooq eiXe 6irro o flrole;.roioq
Kql o€ rroro eiXe d6rrco;

5.29. 'Hrov 6lor Ollav6oi. O Snell, o
Huygens, o Lippershey (Airrepor) o Kqrq-
oxeuoorrlg rou rrpdrrou rqleorotiou, o
ecpeupi.rrlq rou prKpooKorlou Leeuwen-
hoek (A6.6ev1oux) rlrov 6lor Ollov6oi.
I lrore Oere 6rt rrp6rerror yro o6prrroroq;
Arxoroloyqor€ rrlv orrdvrqorl.



5.30. To pqro5 rriporo5 pe'roBolle'rcrt
rord rr1 6rd0trooq; Tr oup8oiver pe rq
ouXv6rqro;

5.31. f1<b5 opi(etat rqr qn6 rr e{cprdror
o ar6luro5 6eirrqg 6rd0looqg;

5.32. l-lco5 pnopo6pe {exrv<bvrog on6 rqv
opXq Huygens vo o6qyq0o6pe mo 6e6re-
po v6po rqg 6ro0looq5;

5.33. Mrc qlqrrrrl orrivo npoepX6pevq
orro rov oepo tpoorrirrrer o'rqv errrrpo-
v€ro rou vepo6. H 6ro0l6;revq orrivo 0o
orrlqordoer, fipos rrlv rdOero q 0o orro-
porpuv0ei o116 ou'rqv;

5.34. Mro rrroivo prog <poiveror rrro 6s0erd
6rov eivor d6ero, rropd 6tqv eivor yeparq
pe vep6. l tor i ;

5.35. Efvor 6uvor6v 6vo5 lent65 oprpirot-

Aorqoerg 46-l

log <por65 vcr trerroupyei co5 ouyxevrpco-
rrro5 <por65;

5.36. Irqri Xpsro(6Fqore pdorc Yro vq
Sltrrou;re xdrro qrr6 q Odloooo; A6ore
prro orrovrqoq oro epcirqpo rroipvovro5
un' 6q,q orr : (o) To yeyov6g 6tr 6tr€,nou;.re
roOopd oqpciver ntos oxqpori(etor oo-
<p65 ei6<olo ndvco orov opcprBlqmpoer6ri

Xrrcirvo. (6) To ei6colo qur6 rrpo6plerot
qrr6 6ro0looq rou gtot65 oro cpor6 rou
porro6 pcs. (y) 'Evo ;reydAo pt6,po5 outqg
rqg 6ro0looq5 ouvreleirql orrlv errrgo-
v€rq rou po'rro6 pqs. (6) O 6eirtr15 6td-
Olooq5 rtrlv utrrxcbv rou porto6 eivor
rrepirrou ioo5 pe qur6v rou v€pou.

5.37. Aro06roup.t plo dqpetorrl g<otetvq
nqyr l ,6vci  err i r re6o,6vo roi lo,  r r  6vq
rupro xoro'nrpo. 4ro06roupe errioq5 6vo
ouyrtrivovro rqr 6.vqv onortrivovto rpo-
xo. f lpore ivere 6rjo rp6rrouq p€ TouS
orroiou5 trrnopo6;re vo 6qproupyqoou;re
pro xufuv6prrq 6eopq rpc'1t65.

Aorrloel5

5.38, 'Evo uhxo oqpeio xrveiror o€ fiepl-
cp€pero r6rlou ;.re oroOepq ycovrorq ro-

X0'rr1ro. Atro6eilre 6rr q tpo6otrq rou oe
pro orroro6qrrore .6roperpo rou r6rlou
erre,trei (otrtrq) oppovrrq roldwcooq pe
xurtrrrrl ouXv6rqro ioq -rord p6rpo-
pe rq ytovrorq roX0'rqro rrlg rurArr(g
rivrloqg.

5.39. H oulv6rqro rrls oppovrKqq rolo-
vroorls evog odrporog eivor 2 Hz xqr to
rrloroq 4 cm. Ynoloyiore ro p€rpo rq5
r olur qr o5 rou odrprorog rord TrS Xpovr-
xeg o-rryireg r<rro rrg onoieg q onopcr-

Kpuvor l  t ivor ( i )  xr :*2 cm ( i i )  xr : -3 6111.

5.'0. 'Evo ocb;ro 1,ro(og 100 g Bpioreror
'ndvor oe opr(6vrro enrcpovero ror ouv66e-
ror -orrco5 goivcror Kqr orq oXqportrq
rropoorooq- pe 6rio elorqpro. Yrrotroyi-

--=+
ar (-  k2

or€ rrlv nepio6o rqg rolov'r<ooqs rrlv
o'noiq (cg' 6oov rpuorro evepyorrorqOei)
0o exreleoer rrdvco orqv opr(6vrrq €fir-
<povero 1cr;pfg rpr865. Oecop(orr fi(l)S
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6rqv ro odrpa Bpio<erqr orrl O€oq roop-
ponio5 rq 66o elorqpro €Xouv ro rpuor16
roug p(roq. Aivovrqr or mo0ep6g rcov
6'uo etrorqpiov k,=l6Nim xor k: : l3N/m.

5.41. Iro etre0Oepo drpo ev6g rotor6pu-
go or€p€op6vou etrorqplou rpe;rdpe 6.vo
ocbpo prrpcirv Etqordoerov q prd(o 'rou

orroiou eivor 500 g. ArorrroT<i:voupe 6rr
roTd rqv roopporrio rou ouorqporos ro
etrorqpro 6.Xer errrpqxuv0ei rqrd 2 cm.
Ierpepdpe our-6 ro oorpo ror rpepdpe
orrl 06oq rou 6vo dtrlo oci-rpo pd(og 800 g
ro orroio evepyorrororipe rord rp6ro
cilore vo errel€oer xororc6pucpq opei<orq
op;.rovrx( rotrdv'rcrioq rrldroug 1 cm.
Ynoloyiote rr1 peyrorq roXurqro Kqr rrl
p6yrorq errrrdluvorl rou o<oporo5 rco'rd
rq brdprero rqg roldvrcooqg. Yrrotroyi-
<rre enioqg rq 6uvoprxq ev6pyero 'rou

rotrovrcorrl <o'rd rr1 orryp( rrou orr6,Xer
0,5 cm o116 rq 0€.oq roopporrloq rou.

5.42. 'Evs Bd0po errelei r<o'roropurpq
oppovrrq roldvr<ooq rrldroug 5 cm 61o-
vrog rrdvrrl rou 6vo prrp6 ovrrrelpevo I.
f lopo-rrlpotipe orr ov ou[qooupe rq ou-

Xv6rqro rqg rolovrcooqq 6rorqpcilv'rog
ro nloroq oro0ep6, yro prq oprop6,vq
rrpq ouXv6rrlros To ovttrsipevo ofioxo-
pi(ercr qrr6 ro Bd0po. Yrroloyime 'rr1v

rrp( ourr15 -rr1g oulvorqrog.

5.43. Kord rq brdprero prog opei<rlrrlg
qtrerrpopcyvqrrrqq toldvr<loqg ouXv6-
rqro5 5 kIIz q ohrrl evfpyero tou xurclcb-
po'rog Thomson eivor 10-sJ To rrqvio'rou
rurtrcbporog 6.1er enoycoyrr6tqro 1 mH.
Yrroloyio're (i) ro nlorog rqg 6vrooqg
rou evcrltroooop6vou pe6porog (i i) rqv
6vroor'1 rou peupqrog rq orrypq rord rqv
orroio q ev€.pyero rou qler<-rprxoO rre6iou
rou rruKvoJrq civor 6.10-6 J <or (i i i) 'rq

lcopqrrr6rrlrq rou fir)Kvorq. Oecopqme
r' :10.

5.44. H e{ioooq ev6g oppovrroO r0porog

e ivor {:0,1qprr(2t-0,0lx) mo Are0v6.g L-
orrlpo (S.I.). Znro6vrqr ro rldro5 rqg
roldv'r<rloqg rdOe oqpeiou rou p6oou, q
-roX6rqro 6rd6ooqg rou rriporo5 Kot ro
p11rcog rOpotog.

5.45. H rtrldvr<rroq ev65 ufuro6 oqpeiou
A elqorrxo6 p6oou rreprypogeror p€ rnv
e(iotooq €=0,03rlp5rt (S.L). Yno06rou;re
6rr or rrol;rrrq our{ xivqoq prero6i6e'rcr
oro €lqorrK6 p6oo pe ro16111ro 5 m/s.
Yrroloyime -rqv orroprdrpuvoq rrou 61er
rco'rd'rr1 Xpovrxq orryp4 t=0,3 s 6vq uh16
oqpeio M 'nou orr6ler qrr6 'ro A 50 cm.

5.46. H'ro1ri'rqro 6rd6oor1g ev6g 16porog
eivor 360 m/s <qr q ouXvo'rqro rou 500H2.
H <paoq ev65 oqpeiou I rou ;r6oou oe
rdrroro lpovrr( orrypq <t6> eivcrr <rrl8>.
c-r) fl6oo orr€1er ro oqpelo I qrr6 ro
yerrovrr6repo oq;reio I ' (rrls i6rog <upa-
rrrqg orrivog) ro orroio rord rq orrypn
(t0) rropouord(el rpdoq <1116>. (6) l lores
0o eivor or rrp€g rcrrv gdoe<ov rcov I rqr I'
Kqro rr l  orrypq ( to*At> orrou At=10-3s.

5.47. 'Evo ;.reyogovo ro orroio prropo6;re
vo nopo;-roroooup€ p€ oqprerorcq fir lYrl s
rporpo6o'reirqr qrr6 yewqtpro lopqtrdlv
oulvorqrcov. H ouXv6rq-ro rcov qtrexrpo-

;,rayvqtrrcbv'rolqvr<iroe<ov orrlv e,ioo6o
rou peyogcirvou eivqr eAeyX6pevq. To
rropoy6prevo qXqrrrcd rriporo prropouv
vo Oe<r-lpq0o6v oqorprrc. H rolOrqro
'rqg 6ro6ooqs rous eivor 340 m/s. (o) Ie
€,vo oqpeio M rrou otreXer 2 cm arr6 rqv
nrlyq S rono0e'ro0;re €,vo ;rrrp6cpovo ro
orroio errioqg 0ecr.lpoupe orlpero16. frcr
rroreg rr;r6q rqq ouXv6rqroq or rolovr<ir-
osrs rou preyorp6vou KGr rou pr<pocpcir-
vou Bpiorcovror oe oupqcovio rpdoq5; (6)
Iro0eporroro0pe rq ouXv6rqro oe 5.10
IJz. l-Ipoo6ropio're rr5 06oer5 rcov oqpelcov
rrou rrdllovrqr o€ ouprp<ovfo gdoqg pe
ro M. fleproproreire oro rp(po SM (y)
Merq6dAtroupe T q ouXvorrlrq os 550 Hz.
I-lore5 eivor or yerrovrr<65 06oer5 (oro'rpq-



Fo SM) qns orroi€S rrp6n€t vq perqq6.-
poupE ro prrp6gcovo Ytq vq ovtlve0oou-
pe qlqrrrry rotrdw<ooq oe oupgcovio <pd-
orls p€ rnv nrlYn;

5.48. Ie 66o oqpeio A rqt B ptcg qpepqg
enrgdverog vepo6 6qproupyorivrcr 66o
cppovr169 rolowciroerg rq5 i6roq ouXv6-
rqrog (5 Hz) rqr rou f6rou nldtoug 0,5
cm. Ie €.vo oqpeio M rq5 errrcpdvEros rqu
vepo6 rorro0ereirqr €vo prrp6 roppdl
<pel"loO. To oqpeio M orr6ler qno rq A
rc;t B qrroordoer5 11:28cm Kot r2:{{s6,
ovriororlc. H roX6rqro 6rd6ooqg rcov
eyrd por<.r-lv errr gcverorcirv x u pdrorv eivar
0,4 m/s. Oeopo6;re oS qpxi rov lp6vrrlv
trrro lpovrrq orryp{ xord rqv orroio rq
rcloweu6;revo oqpeio A rqr B 6pioro-
vrqr orrl 06oq roopporriog rrvo6peva
npos rov 0:rrx6 rlpri{ovo. Zqteftar q
e{iocooq rrou rrcp6ler rrs qfioliqKp0voer5

rou M ouvoprqoer rou Xp6vou.

5.49. Yno06me 611 6rq06roupE prq 6rdrq-
€q 6qproupyio5 xpooo<irv ou;r6o.lq5 no-
p6poro pe orrrr; Tou XpqotFtorroirloe o
Young rqr 6rr Xpqorpofioro6pe povoXpu:-
porrx6 cp<o5 dyvoorou prlroug x6poro5.
Or 60o oXrop6g orr6.Xouv 2 mm xsr ro
6rdcppoypo an61er qrr6 ro n6,roopo 140
cm. Arqrrrorcirvoupe 6rr o 6€rqros orq
oerpd <p<orerv6g rpooo6g or6Xel qtr6 rov
revtprx6 qa:r€rv6 rpooo6 3,8 mm. fl<bq
pnopo6pe vo urroloyiooupe ro pqxo5
r0porog rou gcor65 rrou Xpqor;.rorrorq-
oop€;

5.50. Bu0op6rpnoq pe unrp{1ous. frq vq
unoloyiooupe ro 6d0oq ev6g 0cldoorou
6u0o0 exrrf,prroupe pro 66op11 urreprgXcov
100.000 Hz q onoicx ovorlcbtrrevq mo
6u06 enrmp6,ger perd mr6 Xp6vo 1,4s
arr6 rq qnyp4 rq5 errroprrq5. Av Oecopq-
Oei yv<oor6 611 6lo ro nqlqrrxou r6porcr
6ro6i6owqr mo vep6 pe rolrirq'ro 1.440
m/s urrotroyior€ (q) ro prqro5 <0porog

Aoxrloetg {$J

rov unepqlo)v Kqr (B) ro Bd0og rou
6u0o6.

5.51. Mra lttop€rptK( (Kqrqo".tuqD. Yro-
O€,roupe 6rr o beirrqg 6rd0looqg ev6g
6rocpovo6g ufurof (og rrpog tov c6po)
eivor <n>. Oecopo0pe ;rrc enine6q etrrgd-
v€ro rou 6rogovo65 quro6 ocirporo5 oe
oqpeio A rqg onoio5 rrpoonirrrer gcor€r-
vq povoXpcoporrxrl qrrivq tDA npoepX6-
pevq on6 rov o6.po. Me x6wpo ro oqpelo

I

i

A ror ruXoiq qrrivq R ypdgoupe oro
errirre6o rrp6orrcooqs Kqt rrpos ro p6po5
rou 6rorpovo69 o<ilporog q p lrrepr<p6pero.
Me ro i6ro x6wpo Kor npos ro i6ro p6pog
ypogoupe pro crr6;rc rlprrreprg6.pero
cxrivog (At):n(AA), R :nR. H tpo6.xro-
on rrls OA ouvqvrd rqv npcilrq rlprn€pr-
g6pero oro oqpeio B. 4116 ro B gfpope
euOeio xd0ero m4v erirre6r; 6ro0loorrrrl
€rnqdvao. H rrpo6.xrooq ourqg rrls Ko-
06rou r6pverrq 6e6repq qprrrreprrpEpero
oro or1;.reio f. Nq qrro8ei{ere 6rr q eu0eio
Af €Xer rq 6re60uvoq rq5 6raOlcbpevqg
qKTivoS.

5.52. To pqxog xtiporos FrqS Fovoxpo-
porrxrl5 oxrrvoGolio5 oro rev6 eivql
58,9'10-6 cm. flors eivor r1 ouXv6rqrd
r45; I l6oo 0o eivqr to prlro5 r6porog
crro vep6 rou orroiou o 6eirrq5 6rd0lo-
oq5 eivor 1,33;

5.53. H (rr€prrr6T€rcD pra5 <porav4g oxri-
vcg. Eto p6.oov rrlg rrdvco err<pdverog
ev6g yu6fuvou xri8ou rrpoonilrr€r prs
gorervq qxrivq Fovoxp@Fqrrro0 gcor6g
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urr6 yrovio 45'oe rp6rro cbme ro errire.6o
np6on"r<ooqg vo eivor rropdllrllo rrpog
pio nleuprrq 66po rou r06ou. Ynoloyi-
or€ rnv exrporrq rq5 orrivag perd rqv
rehrq qg 6{o6o on6 rov x66o. O 6ei-
rrq5 6ro0loorls rou yuofuo6 va Oecopq-
Oei ioog pE rt. Aiveror enioqg 6rr
eq26'35':0,5.

5.54. H 6el6vc nou <1d04re>. (Dqvrq-

mefre 6'rr ;.16oo oe 6.vo 6o1eio pe o6ro9o-
vrl rorlcirporo Bpioxeror 6vo 6rocpov6g
uyp6. Itqv errrrgoverd rou errrrrl6er 6vog
o6roqovqg enirreEog rurfu169 6iorog
on6 rpell6. H orcrivo rou xurfuxo6 qu-

ro6 6iorou eivor '10 cm. ITo r6.wpo rou
(O) rqr rq0ero fipos ro errine66 rou
eivor prrqyp€vrl pro 6el6vo q onoia 6pi-
oK€ror rorox6purpq 6u0rop6.vq p6oo o'ro
uyp6. Aronrord>verqr 6rrro drpo (M) rq5
Bel6vo5'noOer vo cpoiveror 6ro ;r6oou rqg
ele6Oepqg errr<poverog 'rou uypo6, 6rov
ro pqrco5 OM ylver prrporepo qrr6 7,5 cm.
4116 ro ororleio qurq vo urroloyioere ro
8eixrq 6ro0loorls rou uypo6.

5.55. 'Evo rrpiopo 6Xer 6ro0loorrrq yrovio
30". Yrroloyiorr rnv errponq prqs povo-

Xp<oporr<qg golrervq5 o<'rivog q orrolo
rrpoorrirrrer <dOero orq p1o 66po rou.
Aiveror 6rr o 6sirc-rr1g 6rd0looqS rou
6rogovou5 uAr<ori rou rrpio;roros yrq rrl
ouyrerprp6vq orrrvoBolio eivqr iooq pe
rt
5.56. H 6ro0loorrrrl yovio evoq .rrpiol.ro-
'rog eivor 60'. Nq urroloyioe-re rq prrrp6re-
pq 6uvorq ytovio'npoofirooqs pros po-
voxpoporrKq5 cprorervqg arrivog cbore
orq 6e 0repq 66po rou npiyporog q oxri-
vo ourr1 vo e€€l0er o116 ro rrpiol,ro, vo

;rqv urrootel 6q]o6q ofurcq avorlooq. O
6eirrq5 6rd0trooqg rou 6rccpovo65 ufu-
ro0 rou rrpio;lc'rog yro rrl ouyrerptpevq
orrrvoBotrio eivor ioog VE rt.

5.57. flov<o o'rr1v errrrpdvero 'nuprruotrou

rrpoonirrrer pro oxrivo leuxo6 gcor6g
u'n6 y<ovio 60". Nq utrotroyioere rq ycrtvio
rrou oxrlpori(ouv q epuOpd ror q rcb6qg
orrivo perd rq 6rd0trooq. H rcX6rrlro
6rd6ooqg rrls epu0pdg crrrvoBolia5
orrlv fiuprruqlo e ivor 1 ,849.108 m/s, ev<ir q
rol6rqro 6rd6ooq5 rq5 r<il6oug oKrrvo-
Boliog mo i6ro utrr16 eivor 1,8M.108 m/s.

5.58. O6loup€ vq KqrqoKeuaooupe 6vov
opcpirupro ou;rperprr6 <pox6 eorro<45
crr6moorl5 6 cm. To yuoli rrou Xprlorl.ro-
rroro0pe 61er 6eirrrl 6rd0looqg 1,5. f loreg
0o rrp6trer vq eivqr or ioe5 ;rero[6 toug
rrp6g r<ov 66o qrrivcov xo;lrrul6rrpog;

5.59. H pio otr6 rrg enr<pdvereg ev65
rpor<o6 eivor rupt( pe orrivo ropnulo-
rqroq 20 cm, evcil q dllq enrcpdvero eivor
roilq pe o<'rivo roprrul6rqrog 30 cm.
YrroAoyiore tqv eorrorrl orr6oroorl 'lou

cpor<o6 (o) 6tov Bpioxe'ror orov o6po xor
(B) 6rov Bpio<eror o'ro vep6. To ufu16'rou
<pororJ rropouord(er 6eirrq 6rd0Aooqg
n:312. O 6eirrqg 6rd0loorlg rou vepo6
tivq n':413.

5.60. Koro rqv eno1r1 rou Ne6rovo q
petr6rq'r<ov rporci.rv €1er npoX<opqoer op-
rerd. O ley6pevo5 <r0rro5 rou NeO-
T(r)v0)

ele2:f2

ouv66.er rrg orrooroo€r! e1 Kor e2 ovrrK€r-
p€vou xor er6cblou o116 rrg ovrio'rorXeg

6rio eorieg 'rou rpo<ori,  pr rr lv eorro<(
orr6orooq (f) rou rporoti curorj. No
orrobei{ere 6rr o r6rrog rou Nefrtovq
eivor roo66v0Fos pe -rov '16rro
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orov ofioio ro q Kqr 6 rroprordvouv rtg

cromdoet5 ovttrerp6vou xqr er6cirlou
o116 ro <por6.

5.61. 'Evc roror6pucpo ypol.tplro ovrt-
rei;revo otr6Xer 5 cm qrr6 6vo ra,ar6pu-
<po n6rootrro. f lpoo6ropime rq 06o11 mqv
orroio np6rrEr vo rofio0erqooupe 6vo
ouyxlivov'ro rpox6 <bme rrqv@ oro rr6rq-
opro v0 npo6lq0ef ro qrr6 6ro0}coq
ei6tolo rou qvrrK€rp6vou rqr vq eivqr
orrorrtrdoro o116 sur6. Ytotroyime erri-
oqs rnv eorror<( ar6orooq rou <poro6
rrou 0q lpqorporrorqooup€.

5.62. 'Evo ypopprx6 rp<oretv6 ovtrreipevo
riqou5 2 cm orroproxpLrve'ror o116 6vo
ouyr<livovro rpo16 rropo;r6.vowoq rdOe-
To orov rripro d[ovd rou. Yrrotroyiore ro
ei6og, tq O€oq ror ro p6ye0og rou er6rb-
trou rrou oXqpor((etor ov rl on6orooq
rou ovlK€rpf.vou qrr6 ro gar6 eivqr 4
cm, 6 cm, 10 cm ror 12 cm. H eorrorq
orr6oTooq rou <poro6 eivqr 5 cm. Kdvere
rou5 ovrfotorxous unoloyroporis qv o
cpox6g eivqr orrorlivov p€ 1oq ror' o116-
luro rrpq eorrorq orr6mooq.

5.63. Mro oqperoxrl g<orervrl rrqyq ot61er
50 cm qrr6 6vo rrerootrro. Avdpeoo roug
Bpior<eror 6vog ouyrevrpcorrrog rpo169 o
rriprog o{ovog rou orroiou eivor rd0ero5
oro rrfroopo. f loporqpo6pe 6rr yro 66o
06oerg rou (pqKou or orroie5 ontlouv
pertl{6 -rou5 20 cm rrofpvou;.re eurptv€q
ei6<olo rrdv<o o'ro rrfroopo. tl6or1 eivor q
roxus rou rporoO;

5.64. O<oroypc<pi(ovrag pro le6xo. tDol-
roypocpioopre prro ledro pE qtoroypqgr-
rq pqXovrl o cpo165 rrlg orroiog eile
eo'rror( ofiooroorl 20 cm. flov<r: o-rq
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q(l)roypogrKq nldro ro 66vrPo eiXe
6qros 15 cm. Ynoloyiore'ro 6qoq rqg
le6ro5 qv eivor yvrom6 6rr q rpcoroypo-
<prrq ntrdro 6prororov 0.25 cm niool qrr6

rqv rupro eoriq tou <poxo6.

5.65. Mrq xuhv6prrq 66opq epu0pof gco-
169 npoonifir€r o€ ouyrlivovro 9o16
nopdMqlq rrpos rov rripro d{ovo rcr
Eorrcr1il oe orr6orqoq 30 cm o116 our6v.
Tr 0o eile oup8ei ov (rov 66op11 t66oug
dKrrvo6o^iqg; Aivov'ror ol 6eircreq 6td-
Olooqg rou ulrro6 rou rporo6 yrq rnv
e puOpd Kqr rrlv rdl6q oKrrvo8oliq
nr=1,60 Kqt n,=1,68 ov'rio'rotXo.

5.66. Mro rutrrv6prrq 6iopq ;rovolpotto-
TrKo6 eor6g rrpoorrlrrrsr oe qrroKlivo-

vro cpor6 (fr :-5 cm) rrcxpollrllo rrpog
rov r6pro d€ovo. flio<rr o116 rov o'noxli-
vovrq (poK6 Bpioretor ouyrtrlvc,.lv rpo165

;.re eorro<q orr6orooq fz:15cm. Ot r0ptot
dloveg rov 6tio rpor<<rrv ou;rrrirrrouv. H
66opq, pero 'rrg 6ro0trooerg orous 660
cporco65 e(ep16pevq an6 rov ouyrtrlvo-
vro aivqr xorrrdlr xufuv6prrrl Kol fio-
pdllqlq npos rov rorv6 x6pro o{ovo.
Zqrelrar q orr6otooq rcov 60o cporcbv.

5.67. Or 66o ouyrlivov-re5 rporoi (avrtret-
prevrr<69 Kor rrpoooqOdlprog) ev6g o-
o'rpovotrrrro6'rqleororriou 6.1ouv eotto-
xeg orroorooerq I2 cm rot 2 cm qvriorot-

Xo Kor Korv6 K6pro d{ovo. H on6orooq
roug puOpi(eror 6ror cbore pro <ulrv6pr-
rq rporrervrl 66opq nou rr6.rprer orov npdr-
ro (crw-rre rpevr16 <po<6) nopdltrqlq
rrpos rov rorv6 rOpto o€ovo vo e€6A0er
qrr6 rov 6e6repo (npooo<p0dlpro) <pq16
6rorqpoOpevq enioq5 nopdtrlqlq npo5
rov rorv6 xrJpro d{,ovo. f l6oo orr€Xouv or
60o rporof ;



466 Tu rriyuru

roKou|xfvro 1

Ar6oraopa arr6 ro BrBAia <(Duorxry yrs av0pdtnoug rrou
v i(ouv 6n 6ev rous apiotr q guorcq,

Air(tp

Ag uro9eooostt ort ertoxttrrlg srro aMoug nAavqrq rrpoora9ouodv vq xuravoq-
oouv ro Stxo ptag roArtopo avaA)ovrag KtvqpqroypaErxd tpya, rqAeorrtxd
npoypdltltorx KCxt StaErlpioetg. Eivat roAO rt0av6 6rt mr6 ng SnEqpioery 0a
xartAqyav mo oultrripaopa 6rt ra xupr6repa rpoBArlparq rreu pag atraoyoAotv
eivqt rq Bp1lttxa potyo, q SuoooStia ar6 rov 6p<bra Kqt rd axqrdmqtct paMd.
416 roAAd tpya rdh 0a oupntpatvqv 6t or6yog rqg av9ponr6rqrag eivat 11
avarcd)ut1tt1 rou reAtxot 6rAou xqrs oE4g. H EntorqpovtKq Eawaoia iyet
aprcertg Eoptg xaraEtpet vct tivat axpt9qg orqv rp69Aueq rou peAAovrog Kqt o€,
roAAd tpya errcrqStovtrc(g Eavraoiag, ro reAtxo aur6 6rAo eivat pta axrivc
9ctvdrou rrou e{ctepcitv€t KCrt e{arpovi(et rcrtg oxqxo1gr. Eurux6g \ev Eyoupe ax6trta
riroto 6nAo. To rAqoftmepo rpdypa nou tyoultt eEelott ag r<itpa eivqt ro laser
(AEt ), pta evStaEf,pouoa env6qoq pte etpqvtxtg xtpiag ypr1oery, rouAdytmov ptypt
oqpepa*.

H ovdnru{q rou Ah(ep. Or 9er.opqnxig 6aoug yts.rnv avarru{q rou Air(ep prqxav
[t€. rtlv €.pyq rotv A. L, Scha]ow xat C. H. Townes ro -1958, ev<b o rpbrog Att(ep
xaraoxeudorqxe ar6 rov 'I'. H- intan xst Aetro1pyqoe ro 1960. H ei|qoq txave
ndrayo Kqr pE 6Aeg ng unooytoetg rou propei vq rrqpouod(a pru rtron
avaxdAurpq, ro vto peraEtp9qrc ora rrtpara rou x6oltou ctr6 ra pEoa lta(txr1g
ertxotvaviqg. IloAAig atr6 rtg tpooSoxieg \ev npayyarorotrT9qxav -\tt, tyoupe
ax6pa axriveg )avdrou- aAAd Atnoupyotjv oqpepa exarow1Seg yAt(t6eg Atr(ep oe
rpaxrtxEg eEappoytg xat or tfeAi{ery ouveyi(ovrat. H At{q LASER npotpyerar ar6
ro Light Amplification by Stimulated Emission of Radiation, rou oqpaivet <Evioyuorl

Ear6g ar6 otpEavq enroprq qxrtvo9oAiasr. Od apyiooupe qn6 ro rf)og, an6 rq
obpEavq 6r7Aa6r7 exrroprq axrtvo$oAiag.

Etpgavq *ropnry qxnvo&oAiag. a rp6ro9 lre rov oroio ynopei
EKrrtlJr!€t EaruwT evtpyeto eivat o e{qg: Mru rqyfi evtpyeng propei va
qAex-rp6vto ar6 rq 9epeArcb\q rpoytd rou o€ pn avdrepry @yqpa 1). Z
qAexrp6vto eravtpyerat p6vo rott or4v
apyxq rou t<qrdoraoq, aro&dAAovrag
rqv rp6o0erq evtpyeru pe rrl- popErl evog
rpotroviou. O yp6vog t'tou irqpqHtvet ro
qAercrp6vro ctrlv xardoraoq ityeporlg ei-
vot e{otperrxd Bpoy1g (rrtpitrou 77-as), oe

* To vroroup6vro npo6pXerar on6 6r8lio nou xurlo<p6p4at ro 1974.

A

evd dToHo vq

peraEtpet tva
rq ouvtyua ro

IXrlpo 1
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optolttveg 6pag nepmrcboetg, -ro qAercrp6wo <rcoMdet>, $uoxoAeuerctt 6qAa6r7 va
erqvtA)tt mq 0eSteArcb6q rpoyd rou rapatrtivovrqg mryv avdreprT yra yp6voug nou

E)dvouv rct '10-3s q xat ra 10-2s. Bi1on tvs exarortt6 ^rou \eurepoAtrrrou prropd va
pag Eaiverat pqSaptvo, aAAd eivctt tva
exaroltlt6pro qoptg reptoo6repo mr6 ro
ypowx6 \tdaqSta rou rrqpqptvet ouvq-
9ag ro qkxrp6vto orqv xardoraoq 5t-

YEpaqS.
Ynapyouv noAAoi rporrot trtt roug oroi-

oug iva oxoAArTSttvo, rlAexrpovto Sttropei vq qrreAeu9epa9u xat va {avayupioet ortlv
apyxry rou xqrdmqorT, aAAd o rp6trog pe rov oroio yiverat qur6 oe tva Ah(ep eivot
pta 6ta6rxctoia, yvamq pe ro ovopa oo1ltcpatvq trcnopmq qxrtvoBoAiqgr. AS
efer(tooupe ro dropo rou ayrlltarog 2A. To qAexrp6wo Bpiorcetat oe Kqrdqrqoq
\tyepoqg rqt 6uorcoAe6€.rdt vd {avayupioet orqv xurarepq rpopq. Av pnopo6oe 0a
ro ixqvt areAeu9epcitvovrls rauroypova iva Ear6vto epu1po1 Earog. Zro oyqpto
23 BAtrroupe tvct oAAo cpa-rowo nuu ruyaivtt vd €.X€t ro i6to pqKog x1parog pe ro
oepu0p6, cpar6vto rou 0q aneAeu9epavorqv ano ro qAercr6vt6 Stag xard rqv
erdvo66 rou orqv xardrepq rpoytd. To 6e6rtpo AonrAv Ear6vro rai(et tva poAo
oxaAou \apapefrq,. 2u1,:<p )nat pe ro qAexrp6vto,
ro areAeu9eprbvet Kdt -ro qAerrp6vro {avayupi(et
orqv xartbrepq rpoyru ro'. exriprovrag ouyyp6vag
Kdt ro Ear6vto rou epu9 to1 q@rog. Ta 5uo Earo-
vta raQSetouv r<bpa pa( t. O 6pog <ra{tSeuouv pa(i,
6u eivat ruyaiog. Ta 66- rpar6vta exr6g ar6 rqv i\t<t
ouyv6rqru tyouv xar r v i6ta Edott. 

'Erot q oustEavq
exroynq tyet |io or11 xvrtxa aroreAtoparq. Tq 6u<t

Ear6vta (i) xtvobvro irpog rrlv i6ta xqreu?uvorl KG!
(ii) 6pioxovrqt os ouf]E@via Eaorlg.

Av rapa ra 6uo aura Ear6vta ouvavrrioouv tva r1r1po 3 AJo gorovro oc oulr(pdvro

6rMo KKoAAqSttvo, qAexrpovto rrou ypud(erat Borl- qdorlq

9etct ro rpoxaAo1v tbqte xt aur6 Ste rq oapa rou vd *ri.ptpa eva axotrta Ear6vto xat

va iyoupe tror rpia Eor6vra pe ro iSto p4Kog Kupcrog Kdt oL oulrE@via Edor19. Aur6

eravaAap$av€rqt Kqt xaraAr1youpt€ oe qdtvoLt€vo ytovoort4aScrq nou eivat ouorrb8eg
yq 'rrl Aercoupyia rou Ait(ep.

To rorvo tpag. tDar6vts rrou 6ev oupSa6i(ouv. fta
vc xaravoqoou[]€ Kq\urepa rq 6ruEopd rqg axrtvo-
BoAiug Atr(ep qr6 ro ouvq9toptvo E<og ag Soupe rcttg
exrtyrerat ro ouvq9rcptvo Eag. 'Orav xAeiooulr€-t o
xuxAapa, ro qAexrptxo pe1pa \rcyeipet ra aroSta rou
vqparog prag xotvr1g Aayrrag r7 rou aeptou ev6g
Aaprnqpa E9optoSto1. H 6ti.yepoq aurrl yiverat xara
ruyaio rpono. Ateye(perat tva aropo, 1orepa tva
d: lo, 1crepa tva dMo, 6ev urdpyu 5qAa6q xapd
r! tairepq oetpd. E$ioou ruTaia ra ryAexrp6vtq Efid-
'tpyowat orqv apXtxq -roug xaramqoq €KTriLtrro-
vrag axnvoBoAo evtpyua, Ste rr:' Stopqq Earoviav.

o*og
l lnLrcr 2
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468 To KoFqrq

Zro oyllpa 4 BAtnoupe 6rt ra cpar6vta xntprowat 6yt p6vo rrpog xdQe rcare60uvoq
qAAd rcat X@pfS va tyouv xapd oyiory pera{u roug. Eivat Ear6wa rou o6ev
oup$a6i(ouvr. Kqr 6ev eivat p6vo qur6. Miq ouvilOqg Earawl rqyrT oav aurtg rou
avaEipape exrtpret cpar6wc pe inEopa pqxq xtparog avdAoya Trpog rrs rpoyig
ong oroieg 6rcyip0r7rcav'ra avrio'rotya rTAexrp6wa. To rehx6 anoriAeopa eivqt ivq
avarcdrapa an6 Ear6wa ircEopav pryxcbv x0parog, rcq9tvq qlr6 rq oroiq rda
o6rrou Qiletr. Avaxa'raooipa. AAA* irot eivqt q E0otl q pdAAov trot eivqt ro E@9

Ah(ep an6 poultrrivt. fn rqv xaraoxeurl rou tpcbrou Att(ep ypqotponorq0qrce tva
uhrc6 rou ouvq9ory ouvavrdtrte oE KooltqpqronaAtiq. To poupriw. To pouprivt rou

Xpqorpolrotdru moug Ait(ep eivat i6to pe qur6 r@v
xoopqpdrav aAAd 6yer oX4fta pa&6ou pe pfixog
Aiyav exaroorav xqr 5dperpo Sttoo1 repinou
exarooto|. Tq 6uo arpa rou eivat yuoAtoltivq rcqt Pouynivt

tyouv eriorpaoq an6 dpyupo. To tvq axpo eivat
rA4pag enapyuprolti.vo ytd vq qvtqvqxAd ro Eag
evtb ro dlVo tXet y6vo pta Aenrq eriorpaoq, tror aote vq ernptret oe tva p(.pog rou

Ear6g va repvd Kdrro utr6Aonro vq qvqxAdrqt. l1pat arr6 rr7 pd4So roro9*eirst
tvag Aaprrqpag efuxoeEqg. 'Orav avd4u, EKTriHTr€l 1.ua BpaybXpovq aAAd tvrovq
Adpqq rou 9upl(a ro EAag 'rtls E@roypaqrcqg ftqxqv4s. To Eag rqg Adltqtqg
\tarepva ro poutrttrivt xqt ivq pttpoq rou anoppoEdrat ar6 drotrta p*arori(ovrag

o^oa)
\ rv

"Coo
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v
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IXqpo 6. Or peyolor x0xtror ncprrrrovouv 6rryrp;-rr-

vo dropo. Or prrxpoi rroprorovouv oro;ro rrou 6ev

6Xouv 6reyep0ri

I14po 5

qA*rpowa sTro rtg )eptArcb\ery rpoXtg oe
aAAeg -rpoXrtg peyaA0repqg evipyen5. Tcx
dropa napaptvouv o' aurrl rqv rcardora-
oq yq ivq exct'roct6 'tr€pitrou rou 6eurt-
poAtnrou. ZrrT ouvi.yaa oprcptvo atr6
aurd enavtpyovrdt ortg apyrc69'rous Tpo-
yti.g xnitrtnovrag Ear6vta rc onoia, yn
rrlv nephrraoq rou Att(ep ar6 pouprivt,
eivat Eotr6vta epu9pot rpar6g. IloAAd
mr6 qurd Byaivouv ar6 rryv xuArv6ptrcq
enEdveta yap$ va enSpo0v orq Aetroup-
yia rou Att(ep. Eivat 6pag peptxd ra oroiq
xtvotvrqt xara ptlxog rqg pdBSou E1dvo-
vrds oE tva mr6 ra drcpa rqg, 6rag orqv
nephrraorT rou aroyou A rou raptrtrdve-
rqt oro oXipq 7. To Ear6wo qur6 oivro-
pa ouvavrd tvq dAAo arotrto oe rccxrdorq-
ot1 |tyepoqg xat rpoxaAei rqv exroprq
ev6g dAAou Earoviou. To \ebrepo opag
aur6 Earovro xtveirqr mo i6to H4xoS
x0Starog pte ro rprbro, orag 66o orpana-

reg oe ropeia p€ rov i6to Bqtrtanopt6. 2ro SpoSto rous ouvqvro1v ru dAAct dropa rcat ro

Earv6pevo etravaAapBdverat. Ilpoxurrrouv trot 6Ao xat reproo6r€pq Eerovn, rl
Evraoq rou rpatr6g au{dvet, ro gcDg evtoy1*ar.

Ta Ear6vta-o'rparrcbreg cp9avouv xdrore mo xaAd errapyuparytvo dKpo r4g
pd4$ou xar uEioravrsr qvdrcAqoq. Ka9cbg xrvobvrqt rrpos ro artvavrt drpo

C- ,.-l'--)

:Xqpo 7 Or nmoopevor, ,  x0xAor roprorovouv

oropo rou errr6prrouv <por6vro,
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ouvavrobv xq aAAq 6ropa oe \ftyepoq. Aqproupyouvru trot ax6pa r;ptooorepd

Eo;r6vn xat q tvraoq rqg 6top4g 1-teyaAcb-
vet ouveyag. Afi(et e6cb vo raparqpqoou-
pe 6n aur6 0a qrav q66vqro va oup&d av
ra qAerrp6vtq 6ev efyav rqv rdoq va
<rcoAAdve, orry av<brepeg rpoXtEg Kqt vq
rapaptvouv o' aurig yn ouyKptrtxa pt
ydAa ypovtxd \ruorqpara. To apyrc6 ga-
r6vto-orpanbrqg iytvt Aonr6v (e0yo9,

uor'€pq 8ttrtotpia, Aoyo5, ra{npyia. Zro
riAog tyoupe apttrp4reg orpantg pe mpa-
rtcbreg neptooorepoug atr6 6ooug unryp-

{av oe 6)17 rqv roropia rr19 av1patr6rqrqs Kqt 6Aot va taptAatvouv pe rov iSto
BqStanop6 Kqt Trpog rqv i6n xart19uvoq, tva ytyovog rou 0a HrropouoE vd
ouyxtvqou ax6pa Kqt rov rto auorqp6 mpsrqyo.

'Orav q otpartd Tav E(DToviav E9doet oro arivavrt axpo, optolttva ro
Stanepvo0v xat dMa avrqvaxAcbvrcxt ytd va ouvey[oouv rqv ndva-xdra ropeia roug
oareAeu9eptitvovrdsD 6Ao xqt teptoo6repo rpar6wa, eva qr6 ro peprxritg €rrqpyu-
pa4ttvo dxpo fecpe0youv 6Ao xat reprco6repa. Aura qroreAobv rq Earetvq 6topq
rou Attlep.

Aur6 Bt9qto rcqrort orapardet. 'Orav repdoet o Xp6vog rou ra qAexrp6wa
rapapivouv oe xctrsorqoq 8Eytpoqg, q 5io1tr7 o0r1vet. To Eatv6pevo propei 9i6qru

Lre pM xatvoupta Adpqq'rou ehxoet6o69 Aaprrqpa va eravaAqcp9ei. To cpag 6r1Aa6q
rou Ah(ep 6w eivqr pn ouveplg Siopq aAAd Sua oetpd raApcbv.

O Att(ep uraxo1u 6t$on aqv apXq 5nrr1pr1or1g rryg evtpyeng. H evtpyen rq1
8iopqg 6ev urep6aivet aurq H€. rqv otroia rpoEo6orotste ro Aaprr4pa-EAag. Etrf
rAiov roAAd Eotr6vta oStarpeuyouv, an6 rqv xuhv8pxtl errEavaa rr1g pd&Sou xat
6e ouvttoEtpouv orq 5to1tr7. 'Erot o Ait(tp ltag 6ivet garetvq utpyen Aty6repq arr6
aurry rou rou SivouSte. Aur6 rou xctvet rov Ait(ep pova&x6 eivat 6rt ro q@g rou eivqt
ev6g xar p6vo prlxous KULrqroS xat 6n6i6tiqt ot ptq xat p6vo xarth?uvotl
|tll.troupycbvrag tror ouyxtvrpaorl oql]dvrtKob nooot evtpyeng oE pn Stopq noA)
Aerrrl.

Nroroup6vro 2

Or ocroltoi

Ot oetopoi oEeiAovrat ot cpatv6ltevs nou ouvreAo1vrqr oro eo@'r;ptK6 rqg fq9, yru
rq 6opq rou oroiou yvapi(oultt or1yepa apxe'ra rpdypara. H xt1pn rrlyq aur<bv
rav yvtbotav eivat q trteAtrrl rov oetoprxtitv rcupdrov, q oroia pE rllv rdpo8o rou
yp6vou, ltdg naptpt pn oAotva Aenropeptorepq KaKrtvoypaEia> rou toareptxoi

IX1po 8. Otro6vo xor rreptoo6repo cropo exn€

pnouv rp<orovro o€ oupgcovid goons.
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rou nAavqrq Hdg. O EAot6g, o e{aneptx6g pav51ag, q perc$artrcq 1cbvry, o
eoareptx6g pav\bag xat o rup4vqs G€@r€ptK6g xat eoareptx6Q qroreAouv rrx
Bqotxd mp<bpara rou €.o@r€,ptKou rng fqg, orpci;parq rq oroiq \rctEtpouv prcrft
roug xard rq o1oraoq xqr xard rr7 Euorxrl xardoraory. E6trd o pav66ag qnoreAei

rqv rqyq 'rav ao-nrcav SuvdSteav nou rtvoriv apyd ng qreipoug rdva ony yqtvq
nnEavua. To efareptxo orpcbpta rou e{areptrcob pav81a AEyerat Afi6ocpatpa.
Arore)eirqt qr6 566exa ytltveg pd1eS, nou xtvobvrat q pia oyertxd rpog rrlv 6Mq.
Ta reprcoorepa yeaAoytxd cpatv6peva, 6rra9 eivat ra qEaimua, q opoytveoq, 11
6qptoupyia axedvetcov pqypdrotv Kdt ot oetopoi \rlptoupyotvrdt ort'lv neproyil
qurav rav Sta(6v. Eivar Euotrco q xivqorl rav po(6v o' aurtg ng reproyig va
ouvqvrd xqroto ovrloraoq. 'Orav, yru rapd\etypq, 4 aEprxawxq 1td(a mt(et o16
ro v6ro rqv Eupdotqnxry, oe xdrotq qn6 rq oqpeia eragryg ot eAaonxtg Suvdpery
qu€qvovrqt ptyp va {etepdoouv rryv avrimaoq rav neT p@pdrov rqg At)6ocpatpag
rq otroiq rore 1pauovrat, xupirog xovrd oe undpyovra pryyparo, xat rpoxaAobv
o€topous. A{i(et va oqpterco9ei 6rt Stera{6 66o mpapdr(Dv rrou xtvotvrqr ro tvq oe
oy6oq pt ro dAAo SqStroup;yo1vrat rcevd itsmdoeav qno tvct ptrpo Sttyp tva
yrAtoperpo.

To oqyeio nou apyi(et o oercy6g Aiyerar eoria t1 ur6rcevrpo. 416 xer erctrope6owor
ot oetoptrxtg $ovqoug -ouXvorqrotv trou 'rrorxiMouv qn6 0,01 Hz ptyp trtepxd Hz-
xqt 6tq6i6ovrdt rrpos xd9e xare60uvor1. H voqrrl xarax6puEog rou repvdu ar6 rryv
eoriq rou oetopoti ouvqvrq rr1 yrltvq ertcpdveta ot lvct or1pt io rrou Aty*at erixevrpo
TOU O€,\O\JOU.

Ita rqv napaxoAou9qoq rev ouopav Kdt rqv ipeuva rav oetoptxritv xupdrav

Xprlotpotrototpt roug oercpoypdEoug. Erqv rto mrArT rou popEry o oetopoypdEog
ctroreAeirq: qn6 ivcx uaio9rlro xxpestig, ro oroio apyi(a va atapeirat xard rqv
dEt{q rou o€toptKou x1Starog. Or oetopoi -6rag Kqt ot ur6yettg truprlwxiE
ercpq€etg- 6qptoupyo0v rpia eiSq xuSLdrav. fra rcct9t ei6og an6 aurd urapyu KCn ro
cvriorotyo Ste9vtg ouSt9oAo. To KpD ar6 ro Aqrtvtx6 primae, ro <s> otro ro etrioqg
Aanvtxo secundae xat ro <Lr rrou qv'norotyei ma Aey6peva x0trtara Love. Tq x0para p
xst s Sta6i6ovrdt oro toto'reptx6rqg f rlg, evtb rq L ra otroiq rcat oE)dvouv, reAeuroict
6taSi6ovrat orq yqrvq ertEdvua. Ta p eivat 6taprlxq Kupqrq xat 6ta6i6ovrqt pE
peyaA)repq'rcy)rqra qr6 rq s,'rq orroiq €ivct Kipqrq eyxdporu. H rayirqro rav p
Kdt ro)v s efaprarat arci rqv ruxv6r4ra KCXI rqv eAav-rrx6rqra rou ptoou 6td5ooq9
xar ouvq)ag eivat avdAoyq rrpog ro Ba9og.

H 6ru5poStr7 rrou qxoAou9ei tvct oetolttx6 xtipa 6ev eivqt tu9eiq aAAd rcaStnbAq Ste
xoA6rqra rrpog rqv ertEdven rqs fns.Ta xbpara rou rp9avouv oro oaopoypdEo

X(DpiS Kqp'q qvdKAdoq orq yqtvq emEdveru oup&oAilovrdt [t€, p t1 Ste s. Av tyet oup4ei
pta avdxAaoq crqv errEciveta XpqotpolrotEirqt ro o1lt$oAo pp 4 ro avrimotyo ss.
Meprxig Eoptg Xptlotlrol-totouvrcxt dAAa ypaypara q xat apr9stoi rou uro\qAavouv
rqv reptoyq an6 rqv onoiq ntpaoe ro xbpa. 'Erot tva xbpa p ro oroio nipaoe an6
rov rupqva oup4oAf(erat pe pkp. H an6maoq rr1g emiag qrro ro ors9lro
uroAoyi(erat atr6 rq \nrpopd rav Xp6vav dqt€rtS ro>v xuydro.tv p,s Kq, L. To 1935 o
Richter (Piyrep) ercrlyaye rqv t6ta rou rontxot peyt9oug (M) ev6g oercSto0, ro oroio
avrtmotyd orqv evtpyets nou artAeu9epritveru. To lttye1og prropei va perpry9ei lte
Eva et\rx6 r0ro oetopoypdEou (Wood-Anderson) xat q npryrou $fverqt qro rov rbro

M1,:log1114-logrcAs
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qrov oroio A eivat ro ptywro rAdrogrou Ksraypdqet ro 6pyavo. Erov 6po logpfu
repAapBdvnat q ar6maoq emiag orailputi rot q an6o6eoq r@v bercprcrbv
xup&rav qr6 rq rnpcbpma,

fn ro ouoyenop6 rou peyi0oug ev6g oetoltof pE rqv ev6,pyen nou atrtAeu0epcbve-
Tq, XpnoyJororclrqt xor q e{ioato4 Gutenber-Richter

logtoE=11,9a1,5tr4,
mqv oroia q cvtpyeru (E) pnprcrot oe 10-T @rg, tpyn). 'Evag octolt6g 6 Piyrep
(Mr:6) nap6Ao nou eivqt oercp6g pnpng twaoqg oneAeu0epcbvet ev6,pyaa nepfnou
1014J.

To mo evdngEpov np66trqpa rqg ofglpovqg oercpoAoyiog efvat q rp68Aeqr7 rcov
oercptbv. 2e ycbpeg -6rrory q EAAd6a- ot otrofeg avnperanrf(ouv ooSap6rtta
npo0Arlpma c{ arfag rav oetolubv e{erd(owat iftgopeg 1t60o6ot ytd rq Ahory rou
npo&Afiporog r4g rp6BAeqqg. EArf(erar 6n rcmd ra er6trtevo yp6wq 0a undp{ouv
anorcAiopara t xavorotqn rcd,
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