LYMIAHPQMA 13.1

AvOopunteg petafacerg
RETAED OEOULMV KATUGTAGEMV
Huiklooixn Oswpio tns atouixns axtivofoiiog

"Hl.extpodinodiki] éxmopsny). "Yrohoyiopog tob pubpol petdfaong
*And 18 npdra PAuotd poc o1fiv kPaviiky fewpia deyrixape g adro-
vénto veyovog 6t ol Sieyeppbveg dtopkés katootdoeig oév (olv én’
dneipo GALG Eyouv Eva menepucuévo ypéve (ofic Yotepa dnd tév dnolo 16
fitopo Eravépyetal otf Puciky tov otdbun dxtvoPordviag THV TAsovd-
Lovoa &vépysia ON6 ™) popon &vég ewroviov. Ipbkeital vid pud Siodiko-
olo teheioe Bepehiddn yid ©f dopn 1ol xdopov pag. Xepic v adbdpun-
n dxtwoforia, ¢ drope 04 nupépevav éooel «moyopévar oty Snoww
Sreyeppévn kotdotaon Etuye va Ppedolv, éktoc ki dv uid EEetepikn Sio-
Tapayfy 16 Gvdykole va petafoidv of wdmow dAhn. TS xdbe drouo Ba
tugavilovrav #ror oty Odon of wd tdéon notxiria popedv kel peyeddv
oo glvar kal 16 nAfBog Thv dieyeppuévav ToU KOTATTACEWMY.

TtV mpoypatikdtnTa B abBopuntn dxtivoPoria tdv drépev elvol
dvoykootikyg vid xebapd Osppodvvapikots Adyovg. Xoplc adtnv, i Beppr-
k1 loopporia OAtg xal dxtivePoriag 8¢ Arav &dvvatn. Hpdypat &v poévo
& unyaviopdc e EEavaykaopdvig fidyepong xal dnodiéyepong thv Gro-
uav ftav Swbéoipog 1618 —Eneidy ol pubpol adtdv tdv 8o dadixucidv
elvot Toou(*)— td dropo, nopovoia tfig dxrivoBoring toug, 84 Ereivav va

énowxicovv && Toov Sheg Tig kotaoTdoelg Toug, o Tpo@avi GvtiBeomn pé
totg vopoug tig Beppikiic icopporniag mod drnartodv vé elvor md dpaioka-
Townpéveg —xoi pdiioto kotd Eva dxbetikd mopdyovio— ol dvdrepeg
évepyeiokée otdbpeg. v mpoypatikdtnta, Evav tétorto Bgpuoduvvapikd
oviroyiopd ypnowonoinoe 81 dné t6 1917 6 Einstein yid vd dmoroyicer
16 puBud adBspunTig éxmountic THv 4Ty, ué pdon tév tono tof Planck
nob Exppaler dxpifde 1 Bepixty loopponia Ting kel dxtivoBoiiac. ‘H
ab86ppunty dktivoBoria tdv drépav slvor Aowndv kGneg... droypemTiKy
kol Erot 16 dvdeybpevo Evég kdopou pé povinwg Sieyepuéva Grope 8¢ mpé-
nel piddov va dnoxheiotel. “Opog omiv KBavtikh Mnyaviky ot ypnot-
pomotoboapE g Tpa yid TRV neplypaey) Ti¢ dropkiic Soufic, dév drfipye
1Bpog 1id adbopuntn Enavagopd tdv dtépev ot Pacikr tove otdbun
G@ob 1 ypovikn EEéMEn Shov T@v dvepyeloxdy iSiokatactdoswy elye ™
YVOSTH Hope1

wE(r, t) = yg(r)e " E M

(%) w1 adto, BePalog, vid 1oV mokd drkd Adyo 61t elvor mdviy
|fo[2 = Uy’
royo tfic ‘Epputavotgrag tob Ul
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Bdoet tfig omolag xappia petaPols] katdotaong dév elvar Suvary: Shec of
gvepyelakés iStoxataotdoetg elvatl adotpd otdoyueg. Of Adyor yi° adty
™V drovoia adBépuntng dxtivoforiog elvar n@hiov mpopoveic. *Aidpa
kol o° Eva xabapd khaoikd éninedo woppla dxtivoforia dév mpoksitar vd
exmeppdel dnd Eva frektpdvio mod A kivnon tov yope én6 tév mupve
deydpacte 811 meprypdgetor TAfpHg Gnd T XawAtoviovy

2

5 ;
- P _ & 2
HZmr )

tfig omolag 16 Svvauikd

elvat koBopd otatikd kol dpa pévo dpdon € drnootdoeng urnopel vd mept-
ypdwel. "EE didov wd ygpovikd dvetaptntn Xapthtoviovy dnog 1 (2)
TepLypaeet kat® dvdykny éva dropovepévo puoikd cbotnue Tod 6moiou f
évépyeia 3év pmopel va dmootel koo petaBorn deod elvar pd Sratnph-
owin mosdétnto. H dvvartdmnra avboépuntng éxnountic £yet Aowndv dmo-
xherotel €k 1@V Tpotépmv End TRV meplypugh pag kol dév pével mapd va
sloayBel ¢k 1dv Gotépov O¢ tponoroyial*).

(*) "Yrapye BePolog ndvio i Suvvardrire va 1edel 16 Sho Béua £E dpyfic éni... byardv fooewv.
AbT6 onpaiver 61186 npéner va Eexviioet kavels 4nd T 6Q0TH KAAGIKY TEPLY QT THig dAinhe-
Tidpuorg tod Ahextpoviov pé v Rhextpopayyniikd nedio kal petd vd tv «cBovidosy TPOGYOV-
105 §ho Th Epoavilopeva duvapikd ueyén (capatidioxd kel tadiaxd) oé tehsotéc. “Ogov Gopopl
6 fhextpopoyyntkd nedlo abty i kPdviwct 86 t0d tpocdhost aitduate, kol copatidioxd
yapoktipa 61 ) Hoper ewToviay.
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O dpyloope 1 oystikt] ovlHtnon Brovrag 6 EERG Epdnpa:

Mdg pstafdiderar yé 16 ypdvo H xaravous popriov pidc Tyovous Kardoracng tol
fidextpoviov ¢ &va dropo; :

T épdrnuu Eys Befolwg Gueon oxéon pé 10 npdPinud nec dom
pévo and kPaviikés kataotdoeig nov ddnyolv of uetafaridpsvn xotavo-
ut} poptiov umopel va meppéver kaveic 811 86 dxtivofoinoovy. “Ev ndon
repinthost &v y(r, t) elvor /| ypoveloptnpévy kouatosuvvdptnen 1o fhe-

ktpoviov to1e §j xatavopn goptiov mob napdyetor dn’ adthv Bfvor
p(r, 1) = —ely(r, I’ (3)

omdte 116 tig ordoec xotaotdosig (1) f xatavopy] 84 mapapivel ypovikd
dpetdBintn «i Gpa t6 drops 8év B4 dxtivoPorel. “Ouwg adtd madel va
ioybet oty mepintaon wdg xardotaong vnépbsong

W( T, t) = Clwle—-iEﬂ/'h + Csze-iEzt/‘h + .

apob 1y ypoviky) éEdptnon 68v Eyet md 11 popen Evog teTpiupévon Kovod
nopdyovia @aong, ki Etor 1 xatavour) (3) xdBe drho mapd oratikty 6
glvat. Ocopeiote eidikdtepa v iooPapry Onépbeon v = (y; + \;/z)/\/i TGV
idokaractdoeny vy xul yo mod 7 ypovikt] g €EMEN ypdestat odv

y(t) = \_/1_5 (wle~iElt/h + W2e-—iEzt/‘h)
1} loodtvapa (Sraipéote pé tév nopdyovra pdong exp(—iEit/h))

(o) = —\j—-z- (1 + c@y) (4)

8mov ® = wyy = (B, —E)/1 1 ovyvétnro Bohr 1ol (ebdyoug tdhv kotaotdos-
v Y1, 2. AT TV (4) elval gavepd &t T napaydpuevT Kotavour] goptiov
Blyet wid HpTovoetdt} gpovikn petaBorn pé ovyvétnrto o Kt dpo dvoudve-
Tol ve GxtvoPorel odic oty B ovyvotnte. Biénope Etor 8t dvéd xGbs
otdon kardotaon Gnd pdvn g eaiverol edatabic ) mapoputkpy Gvaut-
&M tovg 0dnyel of dotdbsio Geod mapdyst it TOAAVIEUOPEVT] KATUVOUR
poptiov tfic dmoiag 16 nhdtog 64 perdverar Sopkdg Adye dxtivoPoriac.

“Av tdpo dnoroyioope 11 péon Simoriky pony 100 GTOHOL GTRY KATE-
otact (4), hepPdvovrag On’ Syn 6t of idokataotdosie v wal v, &yovy
xobopropévn lootpia, 8¢ Bpodue 8t

<d > = <d> coswt %)
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8rov d =—er 6 yvoordg pag teheotig g dimohktg ponfic. Mropolue
howmoy va mobue 611 otiv kotdotact vripbsonc(4) 16 drtouo cvunepleé-
peran ody fva tahavtevopevo RAexTpikd Simoko Kt dpa S&v gaivetut Kok
i8¢0 vé Esxiviioope it tév timo Tiig dxtivoPoiriog Evog khaoikol Sind-
rou kol vé Solpe petd dv pmopel v petagepfel kol oty kPBoviiky
nepintaom.

216 oyfipa 15 Ssiyvovror td nedia & xai B ot {dvn dxtivofoiriag
Evog Khuoikol mdiov pé Simohiky po-
1y d = d(1) nod 1 ypovikn ¢ dEdpin-
orp (B¢ Swavdouparog) propel va eivot
twyovoa GAAG o1 oyfipa broBéoape Gt
Swutnpel otabept| KutevBovon xutd -
ko¢ 108 dfova z. Of évtdoeg & xai B
gyovv af xdBe onpsio tig Jrevbivosig
nov 8a mepipeve xavelg p€ Bdon tig du-
VOUIKEG YPURLES TRV OTOTIKOV nedinv
Evoe Ahextpixod dindrov ki £vég ypap-
pixot aymyol dvtictoryd, &vé ol «ti-
péc» Toug 8idovtal dnd todg THmovE

B=z—dxn , E=Bxn (6)

mov n 1 xatetBuvon maputipnong (n = R/R). Bdosl tdv (6), kul 100
tinov 8 = (¢/4n)& x B 14 16 Sudvuopa Poynting, propel vd Seifel udvog
tov & avayvoorng 611 f| dxtivoPforodpevn 1oyl Gvd povdde otepedc
yoviag otiv kotedduvon n 84 3{detat dnd 1dv timo

dP_ 1 .o P
a@‘—zn—cgldxnl —2;2381n9 @)

6 drolog y1d Gppovikd toravievdueva dinmore —d = dy cosot— ypdpstot
odv

dP _ o w'd
TR ldxnl®= o sin’0 (8)

kol dlver pid ypovikd peraforirdpevn loyd dool elvar d = d{t) = docoswt.
“Opwg othv npaén, énedn npdxeitat yid nokl ypriyopeg petaforée, dvdia-
gepdpacte uévo vid ™ péon loyd o Eva didotnpa moAR®Y meplddov xal
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7 dmola npokdnrel dnd v (8) pé 11 yvoory dvrikatdortoon
vyl R
d*(t) = = dg
2
Bdvai Loirdv

dP _ w'dy . o'
a Py sin’f = Py ldo x nl? )

kot dShoxkinpdvoviag &¢ ntpde Tig otepeds yovieg maipvope vid thv Sk
dxtvoBoioduevn ioyd 16 drnotéhecpa

(10)

16 6roio, pé &Ealpesn tév aplBuntixd nopdyovia 1/3, umopel vd £EuyBel
pé xabapd drustatiky dvdiven deod EEaptitol pdvo dré td tpla peyidn
®, do xoi c. Znueidore énlong 87t kol f yovwax xotavouny (9) tfig drr-
voBoliag elvatl gouoikd ebhoyn didti dné 1 oxomd 1ol napotnpnT Hévo
ol éykapoteg Entaydveelg 10V goptioy Eovv onpoocio depod pdvo adtég
dtvouv dxmivoBorio xatd 11 dievbuven naparfpnong. Elvatr Aoyid émopé-
vog &t & tirog (9) fic yoviakiic katavoutic Bdyer 19 yevikn popen

9§_~de2
aQ ¢t

(1)

Smov do 1§ cvviothoo Ti¢ Stmoikfig ponfic f kdbetn npdg TV KaTedBuv-
on nepatipnone n. Biénete €101, 611’ Eva ovvdvaopd gvoikiic xal dwa-
otatikfic Gvdivorng td drotedéopata (9) kal (10) propodv vd &Euyboly
oAl gbkoro kai poévo ol apBunrtikol tovg cvvieheotés droitoly dpiPi
OToAOYIoUS.

Y Ag EpBope topa o1 xabapd kPavrikd npdPirpa 1o nhe drokoyile-
tar & pubudg adBépuntrc uetdPaong ané wd dpyikn deyeppévy xardota-
on v oé Wil Tehkf W Mid npdtn oxdyn 716 TV petapopd 1@v drotehe-
oudrov (9) kol (10) omv xPavaky nepinteon elvol vd dvrikatactriioops
T dimoiixy pony do pué tHv kBavtiky péon tun adtol tof peyéboug oThv
KATAOTACT]

1
= =i f 12
v \/E(W'*'W) (12)
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ol oynuatiletor 4rd Eva icofapt cuvvdvaopd tdv 800 kupgTOSUVAPTH-
cewyv tfig petdfoone. ‘H dvdyxn vé ypnowonoticous md xatdotaom
OnépBeong npoktnter dnd 6 yeyovég 81t udvo Eror droktd 6 dropio wd
taiovteuduevr dimorikn ponty Kt dpo propel va dxtivoBolrioel. "Oco yid
16 «loofapéery tod cvvdvacuol adtd Exepdlet v elloyn toodovopla tév
dvo katactdoswy 616 punyoviopd tfic Exmounfic. Ltd xdrte-kdron dév Pré-
neL Kavelg yid woid Adyo 1 pla xardotaon v petéyet, dg nodue, kutd Tpié-
vto k) GAAn katd EBSoptiva tolg Exatd(*). Inueidore tdpo 61t Adyw Tfig
koBopiopévng lootyiiag 1dHv dtopkdv kataotdoeny v kol yr 8¢ toydet f
oyéon

1
<@ = _;:. (Cyi+ ), d(yityy) = 5 (di + dee + dgs + die) =

= % (0+0+ds+dy) = dg

6nov o1V tehevtaie lodtita Vnobécaye dmimAdéov Gt td pf Swoydvia
otowyela pAtpag tob d elvar wpoypotikol apbpol kit dpa di = ds. “H 18éa
howmév 1ol vd dvuikatactioous otig (9) kal (10) v kAaoiky diuworixy|
pory do pé tiv xPavrikn thg uéon tpn <d> {codvvausl pé tqv dvrikatd-
otaef thng Gnd 6 otoyeio untpag di. Ztiv npaypatikdtnta adry f 16éa
ypetdletar wid tpononoinon. Asdopévov &t otic kBovrikée perofdosig
ol mpoxaiodvrar Gnd md dpuovikh dwutapayn, petpdst § 6 Spoc Betikific
i & 8pog dpynTixiic ovyvétnrag —avdroya pé 16 v mpdketton yid o1é-
vepon | drnodiéyepon— 1dte elval Aoyikd vd Bewprioope St dnd v
Exepaocm tfic kKAaowkiic dirorxkfic ponfic :

- .._‘:!9_’ iot 9_0_ ~iet
d(t)—docosmt-2 e+ e

ouvEloQEpsl oTHY kPavtikny drnodiéyepon povo 6 npdhrog Spog. IIpoteivope
howmbv ¢ tponomoinpévo kavéva yid TRy petatpont t@v (9) kol (10) of

(*)"Eva mié teyvixd émyeipnpa 66 Enopve On” Sy tou i A Gvdpeitn t@v xdtuotdosav y,
kal y npokaieitol Gné 1év Spo mov nepiyphpel TV dhinlenidpaon 100 drduou ué v HAsikTpo-
poyvntikt dxtivoBoru ki & dmolog 616 Sidrdotaro PO abtdy 1@V xutaoTtdoeev Bdyel uid
dvanopdotacn Gg piTpa g Hopefic 4 A

e (A* 0)
Smovu 16 Sraydvia ororyela undeviovial Adyw lootiptag, Ki 8nwg Eyope de1 dAhob fi mpoxaron-

pevn Gvdpeiln Kotastdotoy and md tétola piTpa noipvel T popen &vég dptiov § Evég mepittol
SLVSLACHOT TOUG.
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kBavtikéc s&ichoeig, Tov EE1g
%9-—» dg 7 do — 2ds (13)

“Ouwg yid vd prdoope o€ nocdtnes né vouLpo xfaviiks mepieydusvo
ol (9) kai (10) 84 npéner émniéov v SuipeBolv ué v évépysta Ho 1od
gkmepunopevoy katd v dnodiéyepomn gwtoviov. Ity nepintwon tol 10-
nov (10), napadetyuarog ¥oph, té tniixov P/ho nobd naipvous p” adrtd tov
TPOTo INAdvVeL 1O mogootd Tfig Evépyewg tol gwrtoviov mol dxtivofolisitot
Gvd devtepbliento. “Opwg énedn 1 kBaviounyoviky Grayopedst Thy éx-
ropnt) £vég ewtoviov katd dooeg N uévn Aoyikn épunveio tol mniikov
P/heo slvar va Bewpndsl dn dvopépeton ¢ Eva dbvolo Grduov xal 8t
dnrdver 16 mocootd Tovg mod Yelotator rodidyepon, Kol dxtivoBoiel,
néoo ¢’ Evo devtepbiento. "Av howndv dvapepBolue o” Eva pdvo dropo
1618 16 Tnhixov P/He 8év unmopel nopd vé dnidver TV miBavétnta dKTi-
voPoiiag o1} povdda tod ypdvou, dnradn 16 {ntodusvo pobud adddpun-
e éxropntic Iy, Bdoet tdv (10) xai (13) 6dvor hoindv

P 1 o'd 1 o'ds)

= T = —5(dsl® (14)

Evé y1d 16 Swagopikd pubud fxkmopntic tol gwtoviov npdg wid dpropévn
katevbovon m, f| toapondve dwudtkacio 84 Sdost

dly_ o’
dQ  2nhc?

[n = dgl’ (15)

Grov dy 16 Sdvuoua

di =—ers :“E(Xﬁ, Vi, Zﬁ)
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108 6moiov 16 péyebog kal § Siedbuven kabopiloviar dné v Tpidda T@EV
apiBudv X, v, za mob bmoroyifovrar pé Bdomn T KLHATOCUVOPTAGEL W
xal yr tfig ovykekpipévng uetdfoomng. Lty mpdln dvtiiauBdveron xaveig
dufowg v katevBuvon 1ol davioporod di dv oxegtel §ti toolitau(*) ué
™ péon dumohikny ponty tob drdpov oTiv kotdotaon dnépbeong v = (y +
v)/vV2. “Eto, napadelypotog xapn, N dnépbeon 1hv xatacThcsmV THg
petdPaong 2p. = 1s napdyst Eva HPpidiopévo TpoYWIKS KAt 1OV dEova z
kol pd nopdriinin npéc 0dTto dinokiky pony mod Talaviederal fiTovo-
eddg pé v ovyvétnta Bohr tfic perdfaong. Lty nepinteon howndy tiic
ouykekpdvng perdBacng (2p, — 1s) 16 dropikd Simore Bdyer thHv waresd-
Buvon 1ol d&ova z ki dpa 16 péyroto tfig dxtivoPoriac Bdvai of katev-
B0voetg kGBeteg npdg adTdy, dnhady 016 dninedo x~v.

“Ocov deopd Tovg kavoveg émhoyfig toydouvv kal 8@ ¢ 810 npdypota
drnog xal otig &avaykaopéveg fhekrpodimorkéc petafdosic Gpod xai
otig Lo neputtdhoelg fupoviletal 16 otoyeio uftpag dg, mol elvar Sidgo-
po tol undevéde pévo Srav

Al =~k = F1 s Am = mi—m; = 0, £1

AbB6punteg petaPdosig mod 8év ikavonoodv adtolg tolg kavédveg
émhoyfic 6év pmopolv vd copPoly péow tod MAexTtpodimolikod pnyovi-
opod, mot eivar 6 dnotelespatikdtepog, yu° adté kai dvopdloviar drayo-
pevpéves. “Opag 1y draydpevon dév elvor dndhotn STt §) dvdpeiEn t@v §%o
Kataotdosov £xel 11 Suvardtnta vd Snpovpynost pid fHITovostdde pe-
taPailépevn katavour goptiov 1 dnola propel vé dxtivoBorticel £otw
ki dv pndeviCeton f dumodikn tng pomn. £ d térown mepintoon f dxti-
voPolia 04 mpoéhBer Gnd dvdtepeg poméc Thg xarovopfic Smec my.
poyvntiky Guwodixr pomtj | iy Aeyouevn tetpanodixy Aektpikii porr. Té oiyoupo
ndvrog eivor 8t téroleg «anayopevpévegy petafdosig slvar dobevéotspeg
ané tic fhektpodimorikég kutd Eva mapdyovta T TaEng tob o’ &~ 107,

Inuewbote téhog 611 6 puBubdg alBdpunTNg petdPaonc (14) elvar Gvd-
Loyog pé tév xiPo tfg évepyelaxfic Siapopdc AE = tw petolld thv dbo
otabpdv, ondte 6 ypdvog Lofig (tp = 1/Ty) 1fc Steyeppévng katdotoong
06 elvar dvrioTpdmg dvdlroyog pé tév xOPo adthg tfic Swupopdc. IIpdker-
tar Yl Eva Grotéhecpa moU 1 mPakTIKY Tov onuocic pdc elvar Hén
YVOGTN.

(*) Adté elvan adotnpd cootd pévo dv 6 Swdvuopa dg Exel TPOTHATIKES CUVICTRGEL.
Tevikdrepa 88vor
<d> = Re ds
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"Egappoyty: AvBépuntn dxtivoPoria dnd 16 dtopo “Ydpoyovov

Xpévog Lofic Tiig npdng dievepnivig ctd()ung Kol yovioky xetavopi
10V EknRepmbpusvev QoToviey
Inueidorte kot Gpyde 8t dnd tig téooepig netafdosg

2psyz — 1 , 2s — Is

ot gxxivolv Gnd thiv mphtrn Sieyepuévn otdBpun xal xoatorfiyouv oth
Bepuehindn, énvtpdnovial pévo ol tpsic npdrec (Eyovv Al = 1) évd A térop-
T elvan Groyopsupévn (Al = 0) Soov Geopd Tovkdyilotov Tév fikextpodi-
TOAKS PN OvIGHG(*).

*And tic tpeic Enttpendueveg pstafdosig dg fetdoopns ty 2p. — Is
nov elval otiv odola navopoidtvnn ué tig drieg dvo, Adyw ocouipikig
ocoppstplag. Loupove pé 1@ mponyolusva 6 Ghxde pubudg adBdpuning
petdfacng —not 6 dvtioTpoed tov slvar & ypdvoc Lofig g otdbung—
84 Srohoyatel and tév dno

4oy’
Dy 1™ s M’ (1

dmov £8® ypnolponomicaus Eovd t6v cvpforopd T | , mov elvar moky
suvidnc otic adddpunteg droukés petofdosig, kol émniéov nopaisiyoups
tov delktn «z» Gndé v Gpyky xatdotaon wid kol ¢ dnotéleopa v
gEaptiitan Gmd 1) Siedbuvon tob oyetikod tpoytaxol. AVt nod oiyoupa
gEapritar Gnd 16 cuvykekpipévo tpoytakd eglvor 1§ diedBuvon 1ol Sravi-
GUOTOG

dis =—e(Xn, Vo, Z6) (2)

16 omoio oty mepinteon g petdPuonc 2p. — Is &yer tv xotedbuvon
1o d&ova z xal dvdiroya vid tig 8%o drheg petafdoeic. Teyvikd adtéd poi-
vetor Gpéong dv Buunbeite 11 vid tig Tpsic ovviothosg 1ol Saviciutog
tfi¢ Béomng loylbouv of kavdvee Emroyiic O¢ npog tov kBaviikd Gpbud m

(*y Ztiv mpaypotikotyte adth f perdPacn dév pmopsl vé mpayuotomornfel pé Kovivo
rohvmohikd unyovicnd didt f) dnépbeon dbo kKuTuoTdoemv s topdyel GVOyKOCTIKG Pd Tolo-
VISUOUEVT] SQUIPIKE SUMEETPIKT katavopt) goptiov yid thy omold elvar yvaided and tov fhe-
krpopayvniiopnd 6t 3&v pmopel v dxtvofoinicer. “Eva fhskipdvio otiv katdotaon 28
uropel vd drodieyepdsl pévo pé éxmounty o gwtoviov mob elvat wd Swdikooia npofiend-
pevn Grd T Bsopia Swrapaydv debtepng 1ding. ‘O oyetikdg ypdvog fofig elvar 1/7 sec.
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X, yiAm = %] , z:Am =0 (3

“H perdPaon 2p, — 1s &get Am = 0 xu Emopévig vu° adtiiv, pdvo td otot-

xf,io UNTPOg Zn = o 1s Bdvor p) pndevikd. “Opng abtd 16 svunépacua
givai xal mototikd mpogavég deol 1 Urépleon ThY U0 KUTAOTGoEGOV Tfig
petdfuong mopdyer Eva moiikd OPpidio xatd 16y dEova z (Eyfua 16).

¢

Il
<

"Onwe Brénete, oty OPppdiouévn katdoraon y = (ys + “’Zp) /\/f 16
kévipo Bapouvg 1ol frextpoviked goptiov dév elvarl mdve 616 mpwtdvio
kol 16 dtopo amoxtd Erol Simohik® pomd. H ypoviky €E6MEn dAhdler
BéBata thv koarevbuvor adtfic thg ponfig 6TV petoPdrrer v oyeTikn
pdon pé ™y dnola dreptiBevror ¢ tpoylakd Is kai 2p.. "Etor mapadely-
uatog xdpn yid t = T/2 = /@ | oyetiky @don e 5T ypovikd EEehiypé-
V1 KOTEOTAoT

() = \—15 (s + €95,) @)

moipvel THY Tiuy pelov Eva dndte évariddooovy npdonpo ol dvo Aapol tol
tpoyiakol 2p, xal 1 Onépbeony tov pé 16 tpoyaxd s divel tdpa Oetikm
oupfBorn mpdg v dpvntikn koatevbovon tob dgova z (Zy. 17).

Zy o 17
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"Ev ndon nepuntdost 4ood o Sdvoouo dn Eyel v katedBuvon tiig
Simohiktic ponfic tof dtduov omv katdoteon wod mpokLnrel Amd THY
népBeon tdv Kopdrocuvvoptiosnv tfig petdfaong, téte elval npopavéc
otiv nepimtoon pog 611 84 katevbiveror kotd tév dEove z. Odvar howndv

da =—e(0, 0, za) =—e(0, 0, 25, 15)

ométe 6 tonog (1) B4 ndper T popen

_4ee’ 2
Iﬂ2p 15 Ihe e IZZPZ 15]
kot oé dropikéc povadeg v
40’0’ '
I_‘Zp —-1s = 3 }Z2pz ls12 (AU) (5)

“Oung 16 otovgeio pitpag zo,, s Exel H{on dnoloyictel oty celida
262 ué€ drotéheoua

_2V2 (A.U.)

Zsz, Is ™ 35

“Etor 6 tehikdc pag tnog vid 1o pubud petdfuong 84 ypdostal odv

17

| PR -:3271 ()’ (AU) (6)

‘O dpBunTikdg dmohoyiouds yivetor moAl elkolo dv oxegrodpe 11
o16 droptkd odotna povadey eivar o = AE/H = AE 6rdte €66 ) tipn tod
o of dropukég povadeg 8d loolror pé v évepyewkty dtueopd tdv dvo
otabudv (= 10,2 eV) drpepévy pé v droutkt) povada évépysiag mob
elvar 27,2 eV. Mnv Eeyvape, téhog, 611 16 drotéreopna (6) 84 npéne vd
nodroniactactel wé TV aropky uovéde T, = 4,14 - 10" sec™ dore vd
¢@paoctel Tehikd of sec . Odvar hotnéy

_2”(1 10,2+

sz»ls'“gﬁ 37 272) 4,14 - 10" sec™!
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= I’zp_qs = 6,28 . 108 SCC,x
Q)

= 1, =T pes = 1,59 - 107 sec

"Oocov dpopl topo 11 yoviaxh kotavopn tfig dxrvoPoriog Eépops 811 84

Exel 16 péyiord g ot éninedo x—y, nov glval kdbeto otév dEova ol

dinéhov 1R Bewpoduevrg pstaPacne, Evd R thipng £Edpthon Gnd thv
TOAKY Yovio 8 Bdyer i popon

ar-_ar .,

RS sind = St

8mov T = 73, & OhKSG pudpde Zkmo-

punfic mod dnoroylotnke wponyoLpévad.

‘H xotavopyy (8) delyvetm otd mohi-

Dﬂ."} KO ddypappa tod oyiuporog 18 Smov

t6 pfikog 100 Béhovg dnidvsr THv Gye-

ik mbavétnre dxnopniic kotd Ty Gv-

tictovyn dtevboven. Té 186 dudypaupua

loyver PePaiog kal yid 1 yoviaxy xo-

tavopn 1@y gotoviov otic peraBdosig

2pxy = ls pdvo mod 6 mohikdg d€ovag

Tyfipa 18 Eyer tig katevBivosig x kol y dvrictot-

¥0.

sin’ (8)

TR

Ii6hwon t6hv Exrepndpevav eetovioy

Koi épyépoacte topa o Eva dilo guowkd yopoktnpiotiké 100 dxme-
undpevor patoviov ™V Asybuevr), zélwoh tou. Ilpdxeitor, npoeuvie, yid
HETOPOPL oTh YABGo iV gotoviov tfig dvtictoyng ihibtntog tof Kha-
owol Niexrpopayyntikod mediov. Anhadn tfic iSidtntag 4t oty {dvn
axtivoPoilog 16 fAskTpofayvntixkd nedio slvan ykdpoie nolwpdvo kai
611 1y Tugovonr KuTAGTOOT TOAWoNG Uropel mdvta vd BewpnBel d¢ drnaiin-
Mo 8Vo ypappkd moropévev kopdtev of koBéva dnd td dmoio W Hhe-
K11y Evroon Exer wd dedopévny otabepn watevBovon. Hupadeiyparog y4-
p1, &va tuydv AhertpopoyvnTikd Kipe oy dwdidetar kutd 1év dEova z
dév 96 elvar mopd md Erariniie ypopupkd tolepivev kopdtey katd tolc
dEoveg x xal v avtiotorya. (" katevbuvon néhoong dpileton mdva %
karevfuvon tol frextpikol nediov 1ol kbpatog). H évvoia 100 noiopé-
vou ¢utog émilel wal oty xBoaviikn meprypaen tod fAekTpopayvnTikod
nediov Omov xdbe @utévio dabitel S0 Suvarée KUTUOTAOEG YpauuiKic
rélwons k&Beteg mpog thv katsvBuven tfig kivnotg tov. Kal dedopévou 811
16 potdvia elvon Mrolévia wal dpa €yovy 19 duvardtyta vé émoixicouvy
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Grepiopiota THv 8o kPavrikn ketdotaon(*) kol vé dnpovpyrcovy Erot
gvo. Khaotkd AhexTpopayvnTIKG KOHO, elval mpogavég 6t1 1 xatedBuveon
tfic méhwong tovg 86 tavtileror p’ éxelvnv 100 dviicTolgou AAEKTPOUO-
yvntcos kopatog. “Opog éva khaowd Hhektpopayvntikéd Kipa propel Ve,
dmapter kol of Katactdosig tic AeyOpevng kvkdikis méioong ol omoleg
npokimrovy pé Enadinida dvo ypappikd tolouivov Kupdtey pé dpboyo-
vieg kateuBivoelg néhmong kol dugopd ehoeng 90°, T frextpicd nedio
£v6e KuKAikd Tolopévoy kipoTog pé cUYVOTHTE © OTPEPETOL pé thv B
ouyvétte mve oté Eninedo méhwong mov elvor, BéPaa, kK@Beto oty
xartevBuvon Stddoong tob kipatog. “H @opd mepiotpoofic propel vé elvat
SeEi6otpogn 1 GpLotepdoTpoen GG Tpdg TV KatevBuven diddoong dnéTe
16 AhekTpopayvnTKS Kopa yapaktnpiletar dg de€idotpoga f dproTepo-
otpopu mohopévo, dvrictorya. Adtés ol kataotdosig To¥ Khootkod mediov
Eyovv BéBoia 16 kPavtikd Toug dvricTolyo kol otiv neptypaet TGV geto-
viov td 6notu propodv énfone vé yopakTnplotoby dg Kukhkd ToAOpEVa
pé 8eE6oTpoQo T GpLoTepdoTpopo Tposavatoropd. “Av ué |[R> kel [L>
cvpBoiicope tic xatactdoeig(t) debidoTpogng Ki GpLOTEPSGTPOONG MO~
heong Gvtictorga kol pé x>, 1y> tig xataotdoeig ypappikiig TOADONG
xotd Tovg dEoveg x kal y, tote ol mpdteg 64 cuvdiovton pé tig devtepeg
ubow 1dv oyéoemv

R> = (x> +ily>) . ]L>=71§(Ix> —ily>) ©)

V2

(*) Ot didgopec Suvotég xutactdoeig Tod kBavtepévou fiiextpopayvrricol nediov neptypd-
PovTaL K1 adTéc 67d Kupatocuvapthosig ol pic Stvouy td nhdtn mbavdtntag vé fpodue 1 ud 1
v EALY [opeh Tedlov otd ydpo. Bidikétepa 1) xatdotucn £vig patoviov pé dedopévn dpur K
TEPLYPAPETAL G G KBuvTikT KupetoouvipTnon, Tétota Gote ff 116 mBavi popen fiektpopas
yvnrikod nedlov mot npokinter dn’ wdtiv vd elvar 16 Khaoikd dninedo wije pé xupatdvoouo k.
“Yrdpyouvv Béfara xai kfuvtikég Sroxvpdvosig yopo an’ adtd thv niBavitepn KAUSIKH Hopen
700 8heg Spomg Exovy Ty {d1a keretBuvon néhaong i’ dxeivn ol gatoviov mov neprypdeetat and
0 Bempodpsvn xopatoouvaptnor. “H ndéleor sival Evag «koidg kBavtindg Gpbuder Tob Ehed-
Bepov frekTpopdyntikod nediov.

(1) Map’ &1 dmoouyd T xpong tod denpnpévou cupolicpod tod Dirac elvor md
coveldit mhoyi adtol Tob Biiiov f| viobétnen tov of tolito 16 onpsio Arav £§ foov EmpPe-
Banuévn. “Otav pihdet kaveig yid Kotaotdogis kobopiopévig yopisig kiviong thv iektpoviav
ot dropa | pépia 6 copBoiiouds tob Dirac givat teheing dxtde... khijotog Sidn plic HOst vd
oke@TopacTe abtée ti¢ kutaotdoeg shv orovyeia dvdg derpnuévon Stavocpatikod ydpov ki Syt
6V GuyKEKpLIEVES KopatoouvapTRoetg ol of yupikés toug petaforis Gvravaxiolbv Tév xopo-
Tik6 Yo pak T pu Thg kivnong tév fkextpoviey kel v «npoandBeidy toug yid Ehdyiotn vépyeia
K@t 46 ToNS Tepropiopols el BéteL i Aoyt Th GBefouidtrtog. Hpoxsyiévon pog yid xotaotd-
seig 100 fhextpopoyvntiko’ nedlov 6 cvpBohiopds Tod Dirac caphc nheovextel dibti 866
kohhitepo vd oxépretar Kavelg ué dgnpnpéva Swoviopate mapd g KUPATOCHVEPTHGELG TOY TO
puoikd toug meptexdueve dév elvan xal téoo edaviyvacto.
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dmov 16 +i xai —i dvticToiyolv, npogavie, otic Siupopéc pdocmv +1/2 Kai
—n/2 pé tig dmoieg yivetar 1) HnépBeon AV ypapukd tolopévev Kopudtov
Y16 vé mpoxiyer 16 Kukikd noimpévo kopa tii¢ kabe mepintdosng.

“Onag fowg dmoyidletar & dvayvdorng ol kutuothosig de€idotpogng
1} dplotepdorpogng néhwong elval tavtdypova kel ketaotdosig kabopt-
opévng mpoPoirfic tol oniv 100 patoviov katd v keredBoven tiic kivn-
ong tou. ‘H xardotaon [R> &yst oniv s: = +1 xai f |L>, s, = =1, Adtd
uropel vd t6 xatordfer xaveic dv Bopndel 11 yopaktmpiotiky iSi16tnTa
0V kataotdosov pé xoBopiopévn mpoPolt otpogopufic vd mapopévouv
dvardoiwteg o€ oTPOPES Yipw NS TOV éwnm:mxo dtova xal vé nohdre-
rhacidlovral &nhide pé 1év mapdyovie” pdong e™ §rov m 6 kPoavricde
GpiBuoe i mpoPorfic, kai a § yovie oTpoofic. Adyw Tol yempeTpikod
voRpatog tdv xotactdosev |xX> kol [y> pnopel vé 8&l pévoc tov & Gve-
yviotng 61t of katactdoeig |[R> kal [L> petacynpatifoviol xdte §né
GTPOYPEG, YOpw nd TV KatedBuvor kivnong tol utoviov, dg dEfg

[R>-=e ™ |[R> |, |L>-—¢|L>

k1 glvor Emopévag kotaotdoelg kafopiopévng npoBoific tob oniv pé idio-
tipég +1 xatl —1 Gvriotoryo. ‘H drovoia tfig iBromufig s: = 0 slvat dvravd-
khoon oé kPavtikd érninedo 108 yeyovdrtog §11 16 RAEKTPORYYNTIKS Tedio
€yel pévo dvo Eowntepikols Pabuotg hevbepiog mov Exdnidvovrar eite pé
tig 0o xartaoctdoelg ypappkiic néhoong elte pé tig dvricrtoryeg 8%o THC
KukAikfic. Ztv mpaypotikdt T vid Eva copatidio, 81og 16 putévio, nod
kwveltar pé v taydtnra 100 eetdég, fi (8o 1) xpiion tob 8pov «wnivy elvat
Kataypnotikt. Midoviog Komcog adotnpd 6 oniv dév elvatl napd A oipo-
goppn] tob copatidiov 016 cbotnue dxivnoiag tov. Id #va copatidio
mob Kweltar ué v tayvtnta 100 PuTde TéToo cbotnua dév Hrdpyel dpa
olte 16 oniv Tov pnopel v dprotel adotnpd. LTV TpdEn dév ypeidletal
vd eival xaveig 1600 oyolaotikdg vi” adtd kal 06 cuvveyicops vd pidpe
Y18 16 oniv tob pwrtoviov, kai vd 1ol drnodidope thv Tf s = 1, tapd w6
yeyovog 611 pévo ol mpoPorés s, = +1 mpoypatonoodvral ot Obon (Tyfipo
19)

e

/\ 8,=+] k

Zyfua 19
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“Oc0 yid ti¢ Kutdordosie kaboptopévng ypoukfic néiaong tod ¢u-
toviov, adtéc pnopoly va i8wbolv pé 1 ceipd Tovg g énaiinhieg 1@V Koo~
ordceny kadopiopévng kukhikfic méimong, dnhadh kabopiopévrg tpofo-
AMic to¥ aniv. ®dvar cuykekpluéva

1
:/‘-EOR

1
ly> = —(IR>—IL>) =
y i\/§( )

[x> = >+~1L>)E—\}—_5(I+>+l~>) (10)

1
e |4 ]
1\/5(1> [ =>) | (11)
mov BéPara ol xutaotdaoeis |+2> kal | —> elvar tavtéonpeg ué tig IR> xai
IL> pévo mob 6 supforiopde Oroypappilsr 1dpa ] QLGiIKY ToVE onpasio
0¢ kotaotdosav kofopiopdvrg npoBolfic tob oniv kard t delbuvon
kivnong tol pwrtoviov.

Inuewdote drdpa ST 1y pétpnon, § A TpoyHotonoinoT, KUTACTACE®V
kabopiopévne normornc tol gotoviov (Ypappikiic 1§ kukiikfic) énttuyydve-
tar oAU slikolo pé kaTdAAniovg «moAmTIKONS KPLOTIAAougy, T GTAGG
rodwtég, mOU Wid oynuoTikt tovg mapdotaot| divetar otd oyfipe 20. TS

Béhog oty mpdTn mepintoon dnhdvel

611 O morwTig donver vé repdoouy po-
) t Cpoppikdg vo eoTéVIa ToOAopéve 67 guth TV Ko-
noAMTAG tevBuvon ¥ Gvaioya OTHV TEPINTOON

00 kvkiikol morwtfi. "Av of pid Oé-
opn kukhkd moAopévov potoviny mo-
pepfandel & ypoppikdg TolwTg TOb OYH-
Kukhiioe uatog 20 tote povo 16 50% tdv owto-

O viov 04 mepdoovy Geol, obupove pé
tig (9), pud katdotaon kabopiopévng k-
khxfic moéhwane dév slvar napd pid i-
Tyfipo 20 coPopig éroiinile ypopptkd moropé-

vov Katootdosnv of dvo dpboydvieg Ko-

tevBivaelg. Ol 300 kataotdosig mOAwong Tob ewtoviov drotehodv td
karritepo Sikataotactakd kPaviikd cbotnua nod Exel Béoel ot 61dbeoy
pog 1| Do yid v érnideiln 1§ tov Eheyyo tdv Puokdy dpydv tfi¢ xPa-
vikfig Bewploc. ME g déoun Aéilep, pepikolg Huiavarkrootikods kubpé-
p1eg Kol moAwtée puropolv va npaypatonomboly kdnotd dnd td dpordTe-
pa mewpdpota kPovrikfic Guowkfic. Kai elvar kplpa mod 1 Evvota thg noro-
pévng xordotaong tob owtoviov drodeiytnke moAL donpnpévn yvid vé
punopsl va Boctotel 6 adtv pid noidayoyikd QT EVaAAAKTIKY TopoL-
oglacn 1hv Bspehwddy dpydv tfic KBavropnyavikfic. "“Opwg & avayve-
otng mob &yel ptdost g 66 slvar dpxetd npostoipusuévos Bote va uro-
péoel vd drolavoer pid térown Everiaxtiky mepovoioon elte Gnd 16
Biprio 100 R. Feynman, not sivar kol 6 «natépacy tfic i6ag, slte and 16

(8

TOAMTAG
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Prprio tdv French xoi Taylor(*) oté omoio 8idsron pid mokd mé &nelep-
voaouévy gkdoyn te.

" Ag &navérboue Oumg oté {Htmpa tfig méraong 108 potovion nod dxné-
pretar Kotd thv adB8dpuntn arodiéyeporn tiig otdbung 2p:. "H Pouciky
rapatfipnon givar dtt 1] médhaon tol gotoviou B4 slvar tavtdonun pé
gxelvy 1fic xhaowfig drtwvoPoriag nod 86 &&éncune 16 dimoho 1fic perd-
Boong v ovumepipépoviay kiaowké. ‘Eropévog 16 eotdvie 86 Eyst iy
norwon mob 6pilear ©6 Nhextpkd nedlo tob oyfuatog 15. Té dudvuoua
norwone 8d Bploketar dnhady oté peonuPpivéd éninedo mod didpyetor Gnd
16 onpelo mapoatipnone xal, BéBare, Bdvar kdbero nmpdg ™ Siedbuvon
napatfpnong n Etol, napadsiypatog xdpn, étav Ppiokdpacte atd éni-
1860 XYy, 6nov givor kol 16 pévioto thg dxtvoPoriag, e 16 potévia
ot Biérope 64 slval noropéva katd tév dEovo z. Mg téroia Hohopévn
dxtwvopPorio dév propel, puoikd, vé mpoxdyet §nd dtoug mod Eyouv die-
vepBel Beppixd, f of cwlivd ékkevioeng, d1dtt tdre Sheg ol kuTucTdOELg
2px, 2py, 2p. 66 ovppetéyovy oty Exnouny kai 1 néiaocn 1dv euTtoviev
84 elvar toyaia. THolopévy éxmount| propel va npoéhbel udvo and droja
ot Eyovv Seyepbel of ple dnd tic kataordosig 2p, E6tw thv 2p., kol 16
dmolo émrvyyavetar axtivoPoldvrag 16 delypa pé @i Ypopukd ToAoué-
vo katd v katevboveny z. “Bvag nold edkohdrepog tpdnog vd metdyolie
té 1810 mpdyia, dnAadn noiopévn dxmounn, elvor vd tpokaiécops dpon
108 dkpuiiopol Tdv Kataotdoswy 2p tornobetdviag 16 dtopo 1ol delypa-
to¢ Hésa o Eva poyvnTiks nedio. "Av ndpope dg dEova z v xotebbuven
oD nEdlov ol xutaotdoeic mov 84 mpoxdyovv Bdyovy xabopiouivo m
dniadyy kabopionédvn ocwviothoa THE otpopopufic xard tév dfova z. Kol
dedopdvou GtL N orpogopun datrpeitol Katd v arnodifyepon popiag
¢ 8d elvar dvaykaotikd 16 potévio dpol 6 dtopo Exel I = 0. Td éxne-
undpeve gatévia 8dyovv Aowndy s, = =1 6note dv napatnpnbody kotd tév
tEova z 84 elvar Sha of xardotaoh xabopiopévng xukikfic ndéhaong. T
pbopa Zeeman tfig uetdPaong [ = 1 — 1= 0 nopatnpnuévo katd 14 Sied-
Buvon 1ol payvntikod mediov (o €yer Anebel xol G¢ GEovag z) Bdye
rowmdy 1 popon tob synpatoc 21. “H peooio ypapph (& 4 ypouun pnde-
vixol nediov) drovoidlesr oé ropatnprosg kutd tév dEova 1ol nediov did-

W @y WHn Tt mpokoreitar GnS Evo ToAuvTELOUEVO
~ | A Simoko xotd tév 1810 dfova. Tid tic
C» % \> UETUTOMGUEVES YPOUMES @0 £ O, TTOU PO~
Maci =0 s épyovtol Gnd tic uertoPdoeig yé Am =
/ \ +1, & yapaktipag tfic mOAmONC TOUC
&protepdotpoon delibotpopn  Hmopel v cuvoyBel eite dnd ) Sorig-
néhoon néroon pnon tfc otpoopufic Snmg Seifape
Ty fpa 21

(*) Introduction to Quantum Physics: Kepdhaio 5.



SYMIIAHPQMA 13.1. Av0dpuntec perafdoeis petald déopiwv kataordoewv 17

nptv, elte wal Kot e0Bgiov and o) popon Tiig Tadlavievduevng Kotovoufic
poptiov wob nupdysr fi dnépbeon tdv 8o kutactdoswv T peTdfocng.
Kdvte pévor cog ooty v avdivsn(*) xal B4 Sgite Guécwg STl orti
petéPoon m = 1 — m = 0 dvuioroiyel va delidotpogo kvrhiks pelpn otd
grinegdo x—y 16 Onolo Bdysl, BeBalmg, 16 pévioro g dxtivoforiag Tov
katd tov dEova z, xal 16 ehig mov 64 Exnéunst ¢ adty 1} Sievbuvorn Bdva
deLi6oTpopy TOrOPEVO.

Inueudote t6Aog 811 1 nepyTipnon tHV tolupévev ypauudy Zeeman
amotehel Eva amd 1d onuavtikétepa Epyareia tfic obyypovng TActpopu-
owkfic 716 v pétpnon (xotd péyebog kai dievbuvon) tdv payvnTiKGY
nediomv mod dIapyovy oTd ddoTHU.

(*) Tregreite 611 f kordoteon m = 1 elvar wd énohiniia ué Slugopd edosng n/2 TdV
KOTAGTAoEDY 2Py Kai 2Py oV Omoimv 1 avajeidn pé v 1s napdyet Hhextpixd dirola xutd tov¢
ttovec x kol y.



