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To Z0pmayv potdlet Aiyo pe Tnv eTudaveLla evog
SLAOTEANOEVOU UITAAOVLOU), TIAVW OTO OTToL0
oxeblaotnkayv ot yahaciec. KaBe mapotnpntnc os Kabe
Sdedopévo yaakio ExeL Tnv eviumwon Ot OAoL oL AAAOL
yOAQELEC QTTOLOKPUVOVTAL, LLE TOXUTNTOL aVOAOYN TNG
artootaong touc. To 1915, o Vesto Slipher peAétnoe ta
bACHOTO TWV OTIELPOELOWV VEDEAWUATWV Kol aVaKAAUE
OTL TOL TIEPLOCOTEPQL ATTO AUTA OEXVOUV UETATOTIOLEVEC
TIPOG TO KOKKLVO POIOLLOTIKES YPOULEG UTTOOELKVUOVTAG OTL
artoplakpuvovtal arto tTn n*. Autni Atav n mpwtn amodeén
-TIOU OKOWN OEV ELXE AVOYVWPLOTEL TOTE- YLOL TNV ETEKTOON
Tou 2upmavtoc (BA. AvtiBetn oeAidal).

* BAéme TUIMP 10.

Mw¢ oxnuoiotnkay oL yaha€leg; Alya ATy yvwotd
TIPLV OO EVAV OLLWVEL, OKOLLN KOLL TO OV UTTH X0V
Aol yoha€lec eKTOC oo Tov OO pac. To 1908, n
Henrietta Leavitt €deLée Ot yia i Kndeidec - Eva
el60o¢ aotePLoU HeTaBANTC PwTEVOTNTOC - TO
XPOVLKO Lot LETaEL SUo SLadoyKwy
Heyiotwv oxetidetou pe tn pwtewvotnra. To 1925,
otav o Edwin Hubble evtornoe tic Kndeidec o
OTIELPOELON) vEDEAWLOTA, KOTADEPE VAL EKTYLNOEL
TLC OITOOTACELC TOUG Kol VoL ortodeiEeL ot
Bpiokovta extocg tou MNAaio pac. Ta omelpoedn
vedeAwLOToL EKTOTE ovopddovtal YoAalec.

To 1927 o Georges Lemaitre kotdAofe OtL N
«puyn» Twv yoAa€wv elvol Eva QmOTEAECUAL TNG
enektaong tou Swaotnpotoc. To 1929, o Hubble
KOOLEPWOE TN OXEON METAEL TNC ITOOTAONG KO TNG
Tayutntag Stadpuyng Twv yohaluwv. Auth n Kpiown
OXE0N, TIOU OPXLKAL OVOULAoTNKE VOpOoC Tou Hubble,
LLETOVOLLAOTNKE O VOUOoC Twv Hubble-Lemaitre to
2018.



AV TO ZUUTTOV ETIEKTEIVETAL, TOTE

oTNV aPXI QVOYKOIOTIKAL FTOV

TIOAU TTUKVO Kol TTIOAU {g0TO. 2ToV

; B Actpovopo Fred Hoyle 6ev

PSS SS® (pe0E AUTO TO KOOHOAOYIKO
Fred Hoyle LOVTENO.

[aL vaL To TtEPLYEAAOEL, OF Lo eKTTOUTTH) Tou BBC t0
1949 to ovopaoe N Meyahn Ekpnén. Ko auto siva
TO OVOMOL TIOU EUELVE!

‘EvoL 070 TOL TIPWTOL ETTXEL LOTOL
urtep G MeyAAng Ekpnéng
TpotaBnKe o 1948 ooto tov George
Gamow Kol tov paBntr) tou Ralf g
Alpher. ESeiéav otL LOVO KATtw ooto w ‘
TIC QKPOUEC GUVONKEC TIUKVOTITOG 3

-

B 7

G. Gamow
ko Beppokpaoiog te MeyaAng Ekpnéng rtopouoav
vaL oxnHortotouv NAWo, deutepto ko ABLo, otig
TIOOOTITEC TIOU TIOPOTNPEOUVTOL TWPOL OTO ZULITTOWV.

AOYW TNC EMEKTOONG TOU, TO ZUUTTAV YIVETOL OAO
KOLL TTLO KPUO. ZrUEPa N BepoKpaoio Tou gival
Hovo 3 BaBpouc mavw aro to armoAuto pndév (3
K 1) -2700 C). To 20pumav AoUZeTal o€ akTvoBoAia
O€ aUTN TN Beppokpaoia, TIou eivo UTTOAELLOL
™G MeyaAng Ekpnéng.
Autn n axktvooAia
EVTIOTILOTNKE TUXOa To 1965 ; —
QTto TOUG L1
pOSLO0OTPOVOUOUC Arno RS
Penzias ko Bob Wilson mtou
gpyalovtav o OEKTEC
ULKPOKU LOTWV.

Penzias & Wilson

Mapatevepévol armo Eva adUVOUO CraL TTOU
TIPOEPXOTAV OO OAEC TIC KOTEUBUVOELC,
oUMPBoUAeUTAKAVE TOV aoTpoduoko Robert Dicke
KOl TOUC ouVaOEAGOUC TOU, OL OTTOLOL TTPOTELVAV
OTL ATaV TO ArtoAlBwLa TNE akTvoBoAlaG TG
MeyaAng Ekpnéng. Ma autiv tv avakdAuvyn, o
Penzias ko 0 Wilson éAafav to BpaPeio NourmeA
10 197/8.




XAPTEC ULKPOKU UOATLKAG
aktwoBoAiag ov ANdOnkav
aro tov dopudopo COBE

a: YETA TNV adaipeon tou
OUOLOpOPDOU HEPOUC TNG
KOOULKNC ULKPOKU LOTLKN G
aktwvoBoAiac urtofabpou
CMB)

B: peta ) 616pBwon NG
OUVOAWKNC eMidpacng Adyw TG
kivnong tou MoAagia pag o
oxeon pe to CMB,

y: HETA TNV adaipeon tng aktivoBoAiag amnod tov
FaAoion kKo Toug Kovtivouc yaAaieg, avokaAUTITOUE
ETUTEAOUC TLC LLKPOOKOTILKEC SLlakupdvoelg tou CMB
(1/100.000 ot pgyebocg), SnAadn tnv Kotaotaon Tou
Z U UTTAVTOG KATAL TOV aVO.oUVOU O UO.

To éuayuto untoBabpo mou apatnpnOnKe amo Tnv
COBE 10 1992 (A), amto tnv WMAP 1o 2003 (B) kat armo
tov Sopudopo Planck mou exktotevoe n NASA ko n
ESA to 2013 (C).

KaBe amootoAn
QTTOKAAUTITEL
Y TIEPLOOOTEPEG
2 7l \ETITOUEPELEG,.

H aotopiévouoa axtivoBoAia artd tn MeydAn Expnén, n
orola €reoe otoug 3 Babpouc Kelvin Addyw tng
ETEKTOIONC, EKTTEITOTAV OTAV TO ZULITOV ITOV QKOLLOL
TTUKVO Kol {eoto, 380.000 xpovial PeTd tn Meydn
‘EkpNnéN. 2TnN CUVEXELD, TO ZUITAY SLOoXIoTNKE 0to
KUMOTOL TIOU AoV TO ortoTUTTWHAL TOUG OTNV
LUKPOKUOTKR oikTtvoBoAiot urtoaBpou. AUTEC sivol
OL OYEYOVEC OLOKUAVOELC - OL OTIOPOL TWV YOAELWV
(BA. 2eAiba 6).

Ortav n Bepokpacion Tou ZUIOVTOC EMECE KATW 0Tt
3000 K, Tot Tipwtoviol avoicUVOUACTNKAY LE TOL
NAEKTPOVLOL YLOL VOL OXNOTLO0UV Artopiol uSPOoYOVouU.
YTOTLOTIKEC MEAETEC OLAKUAVOEWV OEiXVOUV OTLTO
YUuro TEEPLEXEL 5% Bapuovial (VAN Orwg
yvwpiloupe), 25% okotewvr) UAN ko 70% okotewn)
eVEPYELOL ASiYVOUV ETTIONG OTLTO 2UITa ival
VEWUETPKA EMUTESO Kalt OTLEXOUV TiepAoeL 13,8
Sloekarroppupta xpovia arto ) MeydAn Expnén.



Qm, Q5

2 -
S01A0UMINT Nd1 DAY H

1t .
3,0

1 A l

-10 now 10 20 30
XpOvo¢ og SlogkatoppupLla Xpovia

0

H e&Mén tng oktivag Tou Juumavtog, oUUbwvVO HE
SLddbopal KOOHOAOYLKA LOVTEAQL VLo SLOPOPETIKEC TIUES TWV
TIOPAPETPWVY Qy, TNG TIUKVOTNTOG TNG UANG Kal Tou Q,, TG
TIUKVOTNTOG EVEPYELAG TOU 2Upmavtos. H e€éhén tou
2UIAVToG cUVOEETAL E TNV TYN Q = Q,, + Q,.

Eav Q =5, 1o 2Uumnav Ba avadlopopdwbel og pia Meyahn
YOVOAN (kitpvn KaTtuAn). Eav to ZUpmay €xel UNSEVIKN
(Q =1) i apvnukn kopruAotnta (Q = 0,3), n enéxtoon Ba
eMeKTOOEL amepLOpLOTA (TPACLVEG KOl UTTAE KOUTTUAEC).

OL TPEYOUOEC TAPATNPNOELC 0ONyoUV OTNV  KOKKLWVN
KOWTUAN. H kapmuAotnta eivol pndEv Kol n €MEKTOON
grutayUVETOL.

To 1915, o AAurmept Aivotdly SnUooievoe TLg
£ELOWOELC TNC YVEVIKAC OXETLKOTNTOC, TIOU
oUVOEOUV TN YEWMUETPLA TOU ZUUMAVTOC UE TNV
TTOoOTNTA TNC UANC KOLL TNC EVEPYELAC TTOU
nepLEXeL. Na va e€nynoetL Eva oTtatlko cU AV
(tou Bewpouvtayv ekeivn TNV emoxn), €ixe
NPOOOECEL Evav OPO MOV ovoualeTal
KoopoAoyikn otaBepa, A. Otav €ywve cadeg to
1929 OTL TO ZUuTAV EMEKTEIVETAL, O AlvoTaLlY
dNAwoe OTL n eloaywyn Tou A RTav tTo
neyoAutepo AaBoc tng {wng Tou.

Mo To peyaAutepo HEPOC Tou 2000 atwva, to A
ayvondnke. AAAA to 1998, xpnoLLOTIOLWVTOC
couTtepvoBa tumovu la, tou gival o Loxvpot
deiktec amootaong ano tic Kndeideg, Svo
opadec mapatnpntwy avakaAvov otL n
ETEKTOON TOU ZUUTIOVTOC ETLTOXUVETOALL.
‘EAaPBav to BpaPeio NoumeA to 2011.
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13.8 Sioekart. xpovia

Mo armtAomoLlnUEVN LOTOPLOL TOU JUUITOVTOC:

e Katd tn SLApKELD TWV TPWTWV AemTwv: N MeydAn
EkpNEN, Kol 0 OXNUOTLOMOC OTOLXELWO WV OCWHATLOLWY
Kol aKTLVoPBoALaC.

* Metd ano 380.000 xpovia, avacuvOuaoHOG
MPWTOVIWV Kol NAEKTpoviwyv og atopa udpoyovou.

* Meta aro 200 ekatopplUpLa Xpovia, oXNUATLOUOG
TWV MPWTWV OLOTEPLWV OTOUC TIPWTOUC yahaélec kol
TPOOSEVTLKOG EMAVA-LOVIOUOC TOU ZUUTTAVTOC.

e TENOG, LEXPL OCAMEPA, O LETAOXNMUATIOUOC TWV
YOAQELWY OTTO CUYXWVEVCELC LLKPOTEPWV YOAELWV.

H enéktaon Enpemne va eniBpaduvetal amo tn
Baputikn €AEn OANG TNG UANG 0TO ZUUTOWV.

AV n EMEKTAON ETUTAYVVETOL, OTIWE
TILOTEVUOUE TWPA, ONUALVEL OTL UTTAPXEL EVaL
QAAO CUOTOTLKO TIOU QLOKEL OTTOKPOUOTLKA
duvapun. Autog elvat o poAog ou Ttalel n
KOOOAOYLKN otaBepd. AUTO TO CUCTATLKO
OVOUAETOL OKOTELVI EVEPYELO. Oa EKOVE OAEG
TLC TP ATNPNOELS CUMBATEC peTAEL TOUC,
OTIWG N KOUIUAOTNTA KAt N nAtkia Tou
Yuumnavtog (n omoia dev pmopet va eivor
LULKPOTEPN arto TNV NALKia Twv MaAoLoTEpWV
QOTEPLWV). ATIOMEVEL VAL aVaKAAUPOUE TN
dUOoN AUTAC TNG OKOTELVNC EVEPYELAC.

H wotopla Tou ZUpumavtog Omwe TV
katoAafaivoupe onpepa eplypadetal otn
oeAida 10 kal n poipa Tou oxnuaTomOoLELTaL
otn oeAida 8.



Bpiokeoal edw,

" ot0 KéYTPO Tou YALEPO UITOPOUE Vo EavaBpoupe ta ixvn

opatou oAOKANPNG TNE LOTOPLOC TOU TUUMAVTOC,

2UPTEAVTOS Eekvwvtacg amo tn MeyaAn Ekpnén (BA. 2eA.10).
MoAAEC mapatnpNOELS eMIPEPOLWVOUV QUTO TO
KOOLLOAOYLKO LOVTEAO KOl OL QLOTPOVOROL EXOUV
e€ePEVVNAOEL LEYAAO LEPOC TOU MAPATNPAOLUOU
2UUmavVToC. Agv Umopouv va apatnproouvv
TEPOL ATIO ULOL CUYKEKPLUEVN amooTtaon, PUOLKA,
eneldn ta onuparta tov pravouv otn 'n dev
Lrtopouv va taldEPouv ypnyopotepa arod To

O opilovTac ToU TAapATPAGILOU ULTIOVTOC. dwe, N TaxvTNTA TWV omoiwv givat 299.792 km/s.
O\ol oL tapaTnNPNTEC PploKovTal 0TO KEVTPO ULOGC ‘ETOL, N mapatAPnon LOKPWWY QVTIKELLEVWY
opaipag MOU AVTUTPOOWTIEVEL TO TAPATNPNOLHUO glval oov va emoTtpEPeLg oTo TtapeABov. Ta
20TV TOUG. Agv UIOPOUV va TAPOTNPICOUY MEPQ dwtovia mou AapBavou e onpepa ano

aro autov tov opilovta. Ot yoaéieg mou pmopel va apx£yovouc yohaiec ekmépdnkav mpw oo 12

UTTAPXOUV TIEPQL ATIO ALUTOV ToVv opilovta dev eixav
XPOVO VOl ETILKOLVWVIOOUV LE TOUG TTAPATNPNTEG
eneldn ta pwtovia Touc, Ttou TasLOEVOUV LIE TNV
ToxutnTa Tou dwtoc, SV elxav apKETO XPOVO yla va
dTAOOUV OTOUC AP ATNPNTEC.

€we 13 dtoekatoppupla xpovia. Etol, PAEMoVE
auTtoUC TouC yaAagiec Omwe ATavV oTa VIATO TOUC.
Otav mapatnpoU e Ta pwtovLa ortd TO KOOLLLKO
urtoBabpo, koltape niocw oto xpovo 13,8
Sdloekatoppupla xpovia oto xpovo (PA. AvtiBetn
oeAiba).
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Mola artd AUTEC TIC ELKOVEC Oeiyvel

TIC SLAKULAVOELS TOU KOOJULKOU AT[(IV'[ﬁ OE& I.q

urtoaBpou;

Xaptng Twv
NEelpwv Kol Twv
wKeavwv TN¢ I'nc.

H ardvtnon oto
ormoBoduN\o




To ZUMIaV 0To TOEMAKL pou Ap. 12

To HkpO auto BLBALapakL cuvtaxtnke to 2020 amo tov

Francoise Combes tou Actepookorteiou tou Maplool
(FTaAAi).

Elkova e€wduUAAou: Mot GUVTOLIN LOTOPLO TOU ZUUTTOVTOC
(BA. Ertiong oeAida 10).
Ewova oo NASA / WMAP

E E [0 VoL LABETE TIEPLOCOTEPOL CYETUKAL LIE

- TS ekSOOELC Kol ToL BEpIomaL TTIou

riapouctaiovrol oto PYBALOPAKL
Metadpaon: Tdva OsodwportouAou @ @ @ @
TUIMP Creative Commons

gruokedOette v LoTOoEASAL
http://wwwituimp.org




