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SEIPA AZKHZEQN 11
Noa Moete tig aoxnoelg 5-8. Mmogeite va pov Tig d00ETE TEOMQETIXG TNV NUEQX TG
teluig eE€TaoNg.

Addorwv: Oeddweog N. Topodg

1. ITwotebdovpe ot  Znotewvh) Evépyela amotehel To 70% tov megLeyopuévou tov Z0-
uravtog ofpea. Emmiéov, moteboupe ot to Zoumov éxel k = 0, 1T0L OTL 1] CUVOMHKT)
gvegyelomt murvoTNTA TOV ZVUITovTog lvot (o pe v ®olowun pe.

(a) Amhomoteiote To Zopmav Bemodvtog ot €xeL uev k = 0 alld pe tn Zxotewvi) Evég-
vewa va ol OrtteL to 100% g evépyelds Tov wou AMote v eElowon Friedmann yuo vo
meoodiopioete Tov madyovia xhipaxrag a(t) oov cuvdotnon tov yeodévov. (f) Ze mdoo
¥QOV0 a6 ofuega Oa éxel duthaolaotel To uEyefog Tov ZVUTAVTOS QUTOU;

Avon: (o) Twa v meplmtmon oxotewvig evépyelag (w = —1) égovue
— B == M
P= Blywy — POTPe= oo

Avtnobiotdvrog ) oxéon avti) otn ooty eElowon Friedmann moigvoupe

@ 87G
BT g P H§ 2

g omoiag M Avon pe a(ty) = 1 elvan
a(t) = exHolt—to) 3)

(B) H drooterhdpevn AMbom eivon
a(t) = eflot=to) (4)

To péyebog Tov ohumavtog Ba £xel dumhaoiaotet 6tav a(t) = 2, tol dtav

In2
t—ty = I‘;—O ~ 0.693 x 13.6 x 10%years ~ 9.42Gyrs (5)

2. (o) Naw amodeiEete ot cOpmay pe p + 3p/c? > 0 duaotéAhetar emPeaduvouevo, evid
ue p + 3p/c? < 0m draotohi) emrayvvetal. (B) Na deiEete oL 010 VAORQATODHEVO (W = 0)
%ol 0T0 pwToREATOVNEVO (w = 1/3) oUumav N daotor) emPeadivetal, evi og auTtd oV
omolo ®voLayel 1) oxotewvi) evégyela (w = —1) 1 SLooToAT elval emTAVVOUEVY.

Abom: (o) A ) deltepn eElowon tov Friedmann

a  ArG 3p
o3 (P* 2) ©

moontrteL ot emBodduvon G < 0 éxovpe yua p + 3p/c? = (1 + 3w)p > 0, evd emrdyvvon
i > 0 épovpe yio. p + 3p/c? = (14 3w)p < 0.
(P) Emopévorg, yioow = 0w = 1/3 égovpe 1 4+ 3w > 0 now emopévog empPodduvon,

evo yioo w = —1 éxovpe 1 4+ 3w = —2 < 0 now eMOUEVIS EMTAXVVOUEVT] SLOLOTOAT| TOV
OV UITOVTOG.
3. Na amodeiEete ot pwtorpaTovuevo ovumov pe k = 01 k = —1 exteiveton e’ dmet-

OV, eV ue k = +1 PpTdvel éva puéyloto péyeBog nat 0T ouvE el OVOTEMAETAL UEYQL TO
big crunch (magdyovrag rhipoxag a = 0).



AVon: Ta To pwtorgatotpevo ohumaV LoYVEL

Po
P= (7
H ooty eEtowon Friedmann yio GmTORQATOVUEVO CUUTTALY EIVOL ETTOUEVNG
1., ke A 4rGpo
= — - = = A= —— 8
TR e 3 ®)

TTagatneetote ot 1 eElowon avti) elvar 1 (Lo pe avTiy mov megprypddete ot Khaowh M-
YOVLA] TN LOVOOLAOTATY #IVNON (RATA u®Oog TOU AEOVA a) ®aL NE OMx1] EVEQYELX U dEV
evog omdpatog ue pdo m = 1 oto duvaund

kc? A

©))
TNa k = 0, —1 to 8e&l péhog tng eEiomong avtig elvou mdvta Betind. Emopévmg, n toyitnta
OLaoTtoMg @ dev undevitetan moté xow 1o CVPTAY SLOTEAAETAL ETT AITTELQOV.

AvtiBeta, yio k = +1 1 taydmto dwaotoric Ba pndeviotel 6tav to péyebog Ttov ov-
urovtog yiver a? = AR2/c? naw 0o axohov0foel ouoToM) péyoL To olpTa va. * cuvOMBel”
oe undevirnod péyedog.

4. Zpego To ZVpmAV €XEL OUVOMRT EVEQYELOXUT] TTURVOTNTA (01 UE TNV ®Q{oLun, ®oL 1
omoto atoteleltar amd ~ 70% orotewi) evégyela (py,o =~ 0.7pc), =~ 30% ui) OYETLALOTIR
VAN (paro =~ 0.3pc), rar =~ 0.0005% axtivoPohrio (pro =~ 0.0005p.). Na oxedidoete 600
76 TEOOEXRTING. LITOQELTE TIG HOUTOAES p;(a) Omov i = M, R, V ouvvaQTtioeL Tov modyovta
uhipanag a zon va deiEete 0T0 YoAPNnuo TS TLHES TOV a OToV elyape peTAPaon oo GwTo-
HQOTOVIEVO OVUTAY O€ VAOXQATOUVLEVO ROl ATTO VAORQATOUVUEVO OE KEVORQOTOVUEVO, TTOV
elval ofuega.

AVon: Ou entl pégovg TunvoOTNTES EVEQYELAS divovTal aTtd TG OYEOELS

pM{O s PR= pRio » PV = pyo = constant (10)
a- a

PM =

ZNpeoa éxovue €€’ 0QLopov a = 1. OmdTe Oy edLATETE TLG TAQATTAV®D OYECELS UE TLG OOOUEVES
(oNuEeQLVEG) TUES YL pio, ¢ = V, M., R. To onuelo Tophg Twv pr nat pas OLVEL TN T TOV
a = agrps YLOL TV OTOlaL TEQAOOUE A0 GwTOXQATIO 08 VAO®QATIA. AVTioTOL(O, TO ONUElO
TOUNG TV pas RAL py Olvel TO péyefog Tov CUUTAVTOS OTAV TEQAOE ATtd VAOXQATIO OF
HEVORQUTICL.

5. Av 1 ovvolxt] evegyelan] TurVOTNTO 0TO ZUUTOYV ONUEQ LoOUTOL UE TNV ®E{oLun,
va amodeigete (a) dtL avtod (oyve oto maEel06V raw o woybelL xow 0to péhhov, nan () OTL
T0 ZOumav eivon dmelpo rat emimedo (k=0).

6. ITowd elvon ta »VELO e ELRTHOTO. YLoL TV VTTaEEN Zxotewvis YAng; EEnyeloet 600
b AETTOUEQELONC. LTTOQE(TE.

7. Oewoeiote £va daoteAlopevo ®helotd otV (k=+1) 10U £XEL LOVO OROTELVT| EVEQ-
vewa, (w=-1). Na amodeiEete (o) 6t 1) munvOoTnTo, EVEQYELOS 0TO CUMITOV aUTO Elval peya-
MOteon amd TV %o muxvotnta, xou (f) 6t (aviibeta amnd to ti Oa ouvéParve ov Nrav
dwTorpatoluevo 1 viorgatouevo) To ovwray avtd AEN Oa xatapgeioet.

8. H Bepponpaoia tov Zvumavtog ofpego elvor meglmov 3 °K. Otav 1 Begpoxrgoaaio
ftave el Tovg 3000 ° K ouvoudotnray To momTOVLAL LE TO NAERTQOVLAL RO OYNUATIOTIHOV
atopa vdEoYO6Vov. T1600 urEdTEQO NTarve TO VUV TOTE;
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Inueiwpa Ad€1086TnONG

To Tmapov UAIké diaTiBeTal Pe Toug 6poug TNG adelag xpriong Creative Commons Avagopd,
Mn Epmopikip Xprion, Oxi Mapdywyo Epyo 4.0 [1] i petayevéoTepn, AigBviig ‘Ekdoon.
E¢aipouvTtal Ta autoTeAr €pya TPITwv TI.X. QWTOYpPOQies, dlaypduuaTa K.A.TT., TG OTToia
EUTTEPIEXOVTAI O€ QUTO KAl Ta OTToia ava@épovTal pali ue Toug Opoug XpProng Toug OTo
«Znueiwpa Xpriong ‘Epywv Tpitwv».
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[1] http://creativecommons.org/licenses/by-nc-nd/4.0/
Q¢ Mn Eptropikn opileTal n xprion:

e TTOU OtV TTEPIAAUPBAVEI GUECO R EUPETO OIKOVOUIKO OPEAOG ATTO TNV XPron Tou £pyou,
yla TO dlavou£a TOU £€pYOU Kal adeIodox0

e TToU Oev TTEPIAAUPBAVEI OIKOVOUIKA CuvaAAayr wg TTpolméBeon yia TN XpAon N
TTPOcBaan oTo £pyo

e Trou dev TTpocoTiopiel OoTO dlavouéa Tou £pyou Kal adelndoxo EPUECO OIKOVOMIKO
O@eAog (T1.X. dla@nuicelg) atmd Tnv TTPoRoAr Tou £pyou o€ dIadIKTUOKO TOTTO

O OIKaIoUX0G UTTOPEi va TTapEXEl OTOV AdEIOdOX0 EEXWPIOTH AdEIO VO XPNOIKOTIOIEI TO £pyO
ylO EQTTOPIKA XPNoN, EPOoOV auTo Tou ¢nTnOEi.

Alatipnon ZnueiwpdTwy
OtroiadATroTe avatrapaywyn r S1a0Keur) Tou UAIKOU Ba TTpETTEI va GUUTTEPIAAKPBAVEL:
* 7O Znueiwpa Avagopdg
e 70 2nueiwpa AdeiodoTNoNG
e TN dNAwan Alatpnong ZnUEIWPATWyY
e 10 Znueiwpa Xpriong Epywv Tpitwv (e@doov uttapxel)

Madi Je TOUG CUVOBEUBEVOUG UTTEPCUVOETOUG.



XpnuatodoTnon

*  To Tapov ekTTAIDEUTIKO UAIKO €XEl avaTITUXOEl OTa TTAQICIO TOU EKTTAIDEUTIKOU £Pyou
TOU 0I0GCKOVTA.

« To £épyo «Avoiktd Akadnuaikd MaBnuata oto [MMavemoTtiuio KpAtng»  €xel
XPNUaTodoTroel Ovo TN avadiaudpPwaon ToU EKTTAIOEUTIKOU UAIKOU.

+ To épyo uhotroigital aTo TTAaiaio Tou EmixeipnaoiakoU Mpoypdupatog «Exkmaideuan kai
Aia Biou MdaBnon» kai ouyxpnuartodoreital amd tnv Eupwtraikr) ‘Evwon (Eupwtraiko
Koivwviké Taueio) kai atréd €Bvikoug TTOpOoUG.
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