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TO KAGIEPQCMENO ITPOTYIIO THX
KOXMOAOITAX

AWdorov: Oe6dmeog N. Touapds

1 O nogdyovrag zhipaxas xat 0 Nopog tov Hubble

Zoppwva pe v Kooporoywi) Agyn 1o Zvumav eivor o peydhes nAipoxres opoyevég nol
wotgomo!. Enlong, obpdpova pe Tig magatnenoss to Sopmay dweotédetar. H meguyoadt twv
YQOVIRA LETABAAAOUEVWVY QTTO0TAOEMV avipeoa o 000 0ToLoVoONToTE YOAOEIES YIVETUL UE T
X070 OGS GUVAQTNONS TOV XOVOU a(t), Tov ovopdletan “magdyoviag xhipaxas” (scale factor).

davraoteite éva povodidotato Zoumav. Olot ol “yoraies” Polorovtol mdvw otov dEova
TOV X %ol EUES 0TV 0y Tov dEova. PavtaoTelte 0TL RATOLO YQOVLXT] OTLY U TTOV OVORALW T
oL yoha&ieg Tov Oetinot nudEova Potoroviav otg Béoewg x, > 0, pue zo = 0 1 O¢om Tov dtnwov
pog Fola&io. Amd To Nopo tov Hubble Eégoupe otL aBdg egvdet o YQOVOS oL 0IT00TACELS OVA-
peoa og d00 omolovodfmote yara&ieg alrhalel pe Tov idto mapdyovia. Emopévag, ol amootdoslg
TV YoOhAELDV TTEQLYQAdOvVTaAL He pia cuvdeTnon a(t) Tou xdvou, Tov ovopudtetal “magdyoviog
uhiponag”, non €gouv ) poedi

As = a(t)Az (1)

ue a(tp) = 1. Ovyoho&leg elvon “ropdpmpévol” oe otadeQd onpeia , evog diaoteAhduevou ym-
00V. Zav e1dwri] meginmTtmon, N ardoTaon and epdg Tov TuxovTog Yahla&la ot B¢om x, elvar

Sn(t) = a(t)mn ) Sn(t()) = Tn 2
Ot TO7T0oL UTOL YEVIXEVOVTOL TETQLUUEVO OTO TOLOLEOTATO ZUUTAV %L YIVOVTL
dit) =a(t)r, d(to) =r 3)

OOV T £lval 1) arTVIHT CUVTETAYUEVY EVOC YOAAE(O TN YooV oty to 2.
And v (3) mpontmrel apéowg o Nouog tov Hubble. ITodypott, 1 axtivird] Tax0TTo TOU
vohaEio oty Oéon r elvon

v(t) = d(t) = alt)r = ——=a(t)r = H(t)d(t) 4)

avaioyn g amdotaots Tov and eudgs pe “otabed” avahloyiag T otabepd tov Hubble, mov
dlvetanr ovvOQTHOEL TOV TOEAYOVTA ®APOXOS Ao T oYéon

H(t) = —= &)

2 To téhero 0eVOTO

To megLexdUeVO TOU ZVUTAVTOG E(VOL O TQMTY TIQOCGEYYLOT) £VO OMOYEVES ®OL LEOTQOTO QEV-
610, TO 0TO(0 TTEQLYQAPETOL ATTO TNV TVURVITNTA eVEQYELNG €(t) = p(t) ¢ naw T mieom p(t). Enlong,
1 Beguongaoia Tov ZOpmavtog eivan T(t), n (dia wovtov opdwva pe T Kooporoywwi] Agyr. To
QEVOTO TIOV OITOTEAEL TO TEQLEYOUEVO TOV ZOUTTOVTOS ALALEL amtd mepiodo oe meQiodo ratd T
xeovint Tov eEEMEN. Mmopel ndmowa mepiodo va elvon pe »aAr) TQOCEYYLOT Wi OYETLHLOTIXY) VAN,

'OL avopoloyéveleg mov mOQATNQEOVE 08 nEOTEQES ®hipaneg Do moémel va eEnyn0otv oav amotéheoua OeQuo-
duvoxdv ot foutindv dtonupdvoemy oto Neagd Zopmov.

*Emiong, oL TOmoL auTol yeviretovTon meoattéom xon yia u) Evxeidioug xdoovg, my. yio xdoovc pe tomohoyia
odaigogc. Ta mapdderypa, N amdotaon tuydviog onueiov (6, ¢) e odpaipag amd to Bogewo IToho 6 = 0 eivan d(t) =
a(t) 6, pe a(t) N oxtiva g opaioag Tn Qovixt| oTLyun t.



eva GAAn va eivar axtivofolria. Ot duddoeg popdéc VANG nat evéQyelas meguyoddovtol amd Thv
rataotatxl] €Eicwaon p = p(p) tov gevotov. Epeig Oa aoyornBole uovo pe gevotd mou £xouvv

p(t) = wp(t) (6)

omov w=0 yio. ] oyeTIRLeTIXT] VAN, w=1/3 yi0. axTivofforia xal w=-1 yLo. GrOTELV] EVEQYELL.

3 H yoovixi] eE€MEN Tov Zvumavrog

3.1 H Nevtovewa Oemgia

T ™) pehétn oAdxANQOU TOov 0QaTOD Zhumavtog amorteitol M xofon g Fevinig Oewolog
™G ZXETMOTNTOS. 20TO00, VLo TN HEAETY) OGS MUKQTIC TTEQLOYNS YUQ® pag onueoa 1 Nevtdvela
Oemolo elvor xohf) TROGEYYLON, 0OV (0) OL TOYVTNTES TWV XOVILVAOV YohaELdv eival uxéc, (B) M
OUVELODOQA TNG AXTIVOPOAIOG OTNV EVEQYELOKRT) TTURVOTNTA ONUEQO AUeEANTED naL (V) 1) PAQUTLXN
evéQyela TNng UANG oTr yertovid pog eivor Tohl puredteen amd TV eVEQYELD NQEULOS THG.

Emopévog, oe mptn dpdon Ba yonowpomojoovue thv Nevidvela Oemplo tng fagintag yia
TV ®OTOVONOoN TS LOQPTS TV Paotrdv eELoMoemv, ov megLyoddouv tnv eEEMEN Tou ZUuma-
VToG. 21 ovvéxela Oa eLodyovpe TIg “mhels” eElomoelg Friedmann mov smooxdmrovy amnd v
Bewotag g Bapitntag tov Einstein, xou twv omotwy, dmtwg Ba dotue, 1) Loedn) diadpéget ehdyL-
oto amd auTés e Nevtdvelag Oemias. To yeyovog 6tLm poedh twv “mfomv” eElodoemy eival
TOQOITATOLOL QUTH|C TWV TTQOCEYYLOTIXMV, OL CUVETELES TOUS WITOQEL VoL elvar onuavtind diadoge-
TréG, O Y10, TO AOYO avTd 1) PEMéT) TV ePpaguoy®dv Ba yivelr ue pdon tig eElowoelg Friedmann.

Ag GO e TN xeovint oTiyun t éva “uxd” opalouxd tunue tov Zoumavtog e tov Fahatia
KOG 0TO ®EVTQO %O P antiva d(t) = a(t) r.

o H alhoyég dE oty evégyela xaw dV otov dyxo tou Tuipatog avtol to didotua (¢, + dt)
avoroloUv pe BAor To mpwto Nopo g Oeouoduvapnic tn oxéon

dE + p(t)dV = dQ = 0. 7

Metadopd Oeouotntag (dQ # 0) mpotmobétel diadood Beguonpaociog, ®atL ov dev LoybeL 6To
OUOYEVEG KL LGOTQOTIO ZVUTTALY.
IoodUvapa, n mogomdvew oyxéon yeddeTal
dE av

a +p(t)ﬁ =0 ®

amd TV omoia, ue avuratdotaon tov E = p(t)c?4rd3(t)/3, V = 4nd>(t)/3 now d(t) = a(t)r
Tolevm
d d
2 3 3
—(p(t t t)— =
A2 (p(t) a(1)) + p(t) 35 (a* (1) = 0 ©)
e Ag mdgovpe éva Tuydvta yaro&io Ldlog m oto 0QLo TG TAQATAVM 0dalQag axtivag d(t).
H &Elowon »ivnoig tov mpoximtel atd to deteQo Nopo tov Nevtwva xou elva

- mM
t) = — —. 1
md(t) = -G 20 (10)
Xonowomoibvrag myv M = 47p(t) d3(t) /3 = 4mp(t) a3(t) r3 /3 n mogamdvew eEiowon yoddeta
a(t) 47
— — Gt 11
o) 3 npo(t) QY
e H ol evégyeia Eypr TOU YahoElo Tov OemE1)O0pe TOQOITAVD KOVOTIOLEL TV EE(0MON
1 . mM
5md = Gy—= = Eiot (12)
1] Loodvvapo
a*(t) 8wGy 2 Etor
a?(t)y 3 pt) mr2a?(t)’ (13)



32 OveEwomoeig Friedmann
H T'evinn) Bemota tng ZyetindTntos epagpotopevn ot pekét tov Zopmavtog ohhatel “Aiyo”
TG moQamdve eElomoels (11) raw (13). O mhoels eELomOoELS elvar

zgi = —“BGN (p(t) + 3”9) (14)

a%(t) k2 8mGn
) R 3
O0mov Ry eivan ud oto0ed pe draotdoels pirovg. O eElomoels (15) naw (14) Aéyovton eElomoelg
Friedmann, 1pog Ty avto¥ mov Tig maQiyoye mpmtog ota mhaiowa tng 'evinnc Oemoiag g
Syenndtrog (TOX) yio ™ pehéty g xoovinig eEEMENS Tov ZOpmavTog.
e OL(11) nou (14) dradpépouv natd Tov 600 TS Tieong, Tov eivar undév ot megintmon pevotov
undevixig mieong. Ou de (13) nou (15) TavtiCovron pue Thv aviiotoiyion

2 Etot - k 62

mr2 Rig (16)

%o e Tov emummhéov megroQuopd e I'eZ ot k = —1,0, +1.

H otafed k, mov avtinabiotd otn [evint] Oewia TG ZXeTvOTNTAS TNV CUVEYT TOQGUETQO
Eyo: ™ Neviovelog Oemiog, ®xa000ilel Thv Tomoloyio Tou opoyevoig xotL lodTEOTOU Y WEOV.
SUyrerQUUUEVA, VITAQYOVY oxQIPMOS TEElg opoyevelg rau Lodtoomol ymeot. O évag eivar o Ev-
nheldelog (Meog TELV dlaotdoewv xat aviiotowel otn tul £ = 0. AMog elvar 1 Todtdotatn
vevinevon g yvwotig pag ddtdototng emdpdvelag opaigag pe k = +1 now, TéAOG, VITAOKELT) TOL-
dudotartn yevireuon Tov dLdLdoTaTou VIEQOoL0ELd0VS 0TADEQTC RAUTVAOTNTAG, TTOV ALVTILOTOLYEL
o T k = —1. Ta odpmavo avtd To ovopdlovpe eninedo, #Ae1oTo 1ol avoLxTd, aviioToLya.

To yewpetoud xoQuxtnoLlotind (AmooTdoeLs, RauTuAITNTA, YEWOEOLUREG,...) EVOS TETQAOLA-
OTOTOV WEOYQOVOU UE OUOYEVT] AL LOOTQOTO TEOLAOTOTO XMEO ®aBoQilovTal TANQ®WS amd TV
totdda (a(t), Ry, k), dhadn tov mapdyovta xhipoxog pe m ooppaon a(ty) = 1 xou tig 800 ota-
Bepéc Ry nat k. Ot eElomoeig Friedmann cuvO£0uv T YEWUETOIO TOV Y WQEOXQOVOU He TO VALK ROl
EVEQYELOKRO TOV TEQLEYOLEVO.

3.3 To mioes oVoTNUO EELGOGEMV

SvvdudLovtag Tic eElohoeig (14) o (15) maigvete v (9) 3 . Emopévoc, Toelg aveEdoTnTeg
OLapoQLrég EELOMOELS VLA TLG TOELS QY VIOTES CUVAQTI|OELS, IOV TTEQLYQAPOUV T Yoovirt] eEEMEN
€vOG OUOYEVOUG ROl LOOTQOTOV CUMITOVTOG glval ot (15), (9) rau (6), Tic omoleg now Eavayed.dm
ed:

a’(t) kc? _ 87GnN

200 + a0 -3 p(t), k=-1,0,+1 a7
d d

2 & 3 3y —
A2 (p(t) a(1) + p(t) L (a*(1) = 0 as)
p(t) = wp(t) (19)

o AvtnaBiotd oty (18) tnv (19) nou maigvm:
Lo 301+ w2 (20)
p a
7oV pe ohoxAflomon diver *

pt) = 2 @

[a(DET)

’ASKHZH: KANTE TO!!
*ASKHZH: Na to anodeiEete. Xonowwomoteiote ™ oxéon dp/dt = (dp/da)(da/dt) = a(dp/da) yio. vo. petoroé-
Pete TV (20) og eEloman Lo T cuvagTnon p = p(a).



omov po = p(to).

Ta Ta Tolo onuovTindTEQA QEVOTA IOV OO LG ATTALOYOAT|COUV €0M, T1| W) OXETIXLOTIXY VAT
(M, w = 0), mv axnvoPoria (R, w = 1/3) now t onotewn evéoyewa (V,w = —1), égovue avti-
oTOLY O

PM,0 PR,0

Pt = sy PO = iy

Eyovpe meL ot ofpega 1 antivoPolria €xel aueATén CUVELGGOQA OTNV OUVOMXAT] EVEQYELOXT

TUAVOTNTO TOV ZVUITAVTOGS. ZOpPmva Oumg pe Ty (22) ®abog syaivoupe om oto (eovo 1)

EVEQYELORT] TTUXVOTNTA TNG axTLVOPOAOG peyohdvel ue QuOud yoryoedtego amd dha tor Ao

oVoTOTHA TOV ZVUmovtog. Etol, amd rdmmola emoyi] »at owy 1 axtivoPoiio amotehooe To on-
LOVTIXOTEQO HOUUATL OTO EVEQYELOMO LOOL UYL TOV ZVUTOLVTOG.

pv(t) = pv,0 = constant (22)

34 H 0gounoxgaoio Tov Zupmaviog

H evegyeiant) muxnvotnta g axtivoPoriag eivan émwe yvopitete amd tnv Oemoia tov péra-
VOG 0MUOTOG avaAoYT TNG TETOQTNG dUVaung g Oepuongaciag

up = ppe® = osp T*. (23)
And v (22) éxoupe emiong ot
2
2 _ PROC
= . 24
PRC A1) (24)

O ovvdvaopds Tmv 000 avtmv oxéoemv odnyel otn oyxéon

1

T(t) ~ )
yio. T xoovint eEEMEN g Beppoxgacios g axtivofolios. Kadmg to Zopumav diaotéhhetol n
0eQUOXQAOI0 TOV LELDVETOL OVTLOTQOPWG AVALOYO. TTQOS TO UéYeDAS TOU. e OLO TO OLAOTN L. TTOV
1 axtivoPolria tav oe BeQuoduvaurt) L6oEEOTIA e T VTOAOLTIC CUGTATIXA TOU ZUUTAVTOGC, 1)
Beguoxrpaocia aut fltav xat 1 Beguoxgacio Tov ZOUmAVTog. Avayralo ®al rwavi] ouvenxn yo
va givaw 6ho 1o ZOpmov wdmola epiodo og Oeguoduvapunt] Lwogoia He TNV oxTvoPoria givor
0 QUOWAS I TV aVTLOQACEMV AVAUETH OTA GVOTOTIRA TOU PETAED TOUG ®OL UE TNV OXTIVOPOAIL
va givor peyohiteQog atd To QUOUO dLaoToAS TOov, Tov ®aB0QITeTAL AT T T TG 0TOOEQAS
tov Hubble exeivn v emoyt). Anhadm

(25)

I>H. (26)

Arapogetind to Zopmov O 0QoLdVeEL WIS OL AVTLOQAOELS AVAUEDH 0TO CUOTATIXA TOV VO, TTIQO-
rafaivouy va to Gpégovv og BeQUOdUVALLT) LGOQQOTIA.
3.5 H zgiowun muxvotnro p.(t) »on 1 ToT0A0Yie TOV ZOMTAVTOG.

Eyovpe ogioel thv »ololun murvotnta ot ¥Qovirt oTiyul| t amd T oyéon

3H2(t)
87 Gy

pe(t) (27)

%O TO TO000TO §2(1) TNG TQOYLOTIXTG TURVOTNTOS WG QOGS TNV KOO OTtd T oY €N

a(t) = - ((tt)) 8)

Xonowomoldvtag autés, 1 (17) yoddetor Loodivaua

_ Rga(t)

—k
2

(1—9Q(1)) (29)

2OL ELOLRA. YLOL OT)ULEQQL

re —H2 (- 1) (30)



Q=1 — k=0 (euclidean)
Q>1 —  k=+1 (sphere)
Qy <1 — k= —1 (hyperboloid) 3D

351 H Nevidwveia eounvela tng xolowuns muxvoTnTags.

H »olown murvotta xot o T0mmog mov Tty divel uogovv va iagay0otv pe Nevtdvelo em-
yewonuatohoyia, 0mwg ot eElomoelg tov Friedmann. H nolowwn muxvomnta elvar axgipdg avti
Yo TV oztolo 1) toy O TTa evog “yahagio” pdog m otn 0€om r etvau ion pe ) TaydTNTa Stapuyng
ToU 07td TV PaguTind| EAEN TN odaipag antivag d(t) = a(t) r.

ITodypatt, 1 olxf evépyela ™G PATag m pe tayiTnTta (on pe Ty ToyiTnTo dtoduyns eivan
Eior = K +V =0, ondte éyovpe

1 5 mM,
AvtaOwotdvrag tig d(t) = a(t) r xow M. = (4/3)md(t) p. maigvovpe
3H2(t)
ct - . 33
pell) = g a0 33)

4 Anhd noopnoroywnd povréio

H oam6delEn tov eElodoemv Friedmann €yuve xwQig meQLoQLopd 0To €(0C TOU MEQLEXOUEVOU
tov obumavtoc. [Tegrypddouv T yoovixi) eEEMEN evdg omolovdijote opoyevolg ®aL LGOTQOTOV
oV pTTavTog, pe dedopévo meglexduevo (, p). Etol, pmoget naveis va peletioet vmodetind povtéha
OUUTTAVTOV UE TEQLEYOUEVO TNG ETUAOYNS TOV. Me T0 1m0 0vTd OTton T EUTELQLOL OYETINA [UE TN
OVUTTEQLPOQA TV MhoewV TwVv eElodoewv Friedmann o, emtiong, 0vy®Q{vovTag Ta amoteAé o UATA
LE TO ONUEQLVO kb pog Z0pmav Byalel CUNTEQAOUATA YO TO TTEQLEXOUEVO TOV TEAEVTAIOU KOL
g avtd ahhalel pe To xedvo.

Ac dolue negnd maQadelyuato VITOBETIRMY CUUTAVT!V.

4.1 To »%evo ovumov

Mo T TN EHOQUOYT TOV EELOMOEWVY QUTMV Elval 1) HeAETY) EVOS OVUTTAVTOG XwQig AN, O1-
rad pe p=0=p.

Zth megimTmon avth) éxovpe tig eENg do duvatdTnTec:

(o) k = 0 naw pe paon v (15) a(t)=0t00eQd, ONAadn xwedyeovo Minkowski.

PB) &k = —1, ondte a(t) = £ct/Ry, MNhodn éva ZOumov dtoote MhOpevo 1 CVOTEAALOUEVO e
010.0eQ06 QUOUS.

42 Evo ovetatizo pue dedouévo w non k =0

Xonowwomotdvrag v (21) 1 (17) YoddeTaL 0T TEQITTWON QUTH

N
&G :
<a> - up{)a—3(1+u) ) (34)
a 3

(@) Tw w # —1 m yevina) Aoon pe a(ty) = 1 elvon

t 14
()

2

5



H ot06e0d tov Hubble ofjuega Hy = 1/ty elvon
Hy= (“) =7 37)
a/y, to

to =vtg (38)

oo Ty omolo. EmeTal
Edxdtea yia Tig meQurtdoels vAOXQATIOS %Ol GWTOXQATIOS, AVTIOTOLY A, LOYVEL

2 t\2%/3 2
u v=3 a0=(5) =3

1

2

£\ /2 1
a(t) = <t()> to=Stn (39

(i7) Mo w = —1 m Moom g (34) elvar
a(t) = etHot=t0) = 1, = /8xGpy/3 (40)

43 TO XYMITAN MAX

Eotw o1l oL mogatnenoels Tov aoTQovOoumv el VoUV OTL TO VU0V OT)UEQO. ATTOTEAEITOL ALTTO
axtoBoMa Qro = pro/peo = 8TGpro/3HE, 0v0vN Qa0 = 8T Gparo/3HE now evéQyeua xevol
Qvo = 87Gpy,o/3HE, TOU GUVOMAE L2AVOTOLODV TN OYE0M

Qo =Qpo + Qo+ Qv =1. 41)

Onwg elmape oe meonyotuevo nddnua, To ZOUmav pog oNUeQa. TMOTEVOUE OTL AVTLOTOLYEl TTEQ(-
mov oe Qv ~ 0.70, Qpro ~ 0.30, Qg o ~ 5 x 107°. Avtd pe fdon v (30) onpaiver ot k = 0 xau
ard Ty (29) ovpmegaivovpe ot () = 1 mwavto 010 moEeABGV naL 0To PEALOV.

Ymo0étovtag otl oe OA TNV L0TOEIN TOV ZVUTAVTOG TA TEIO OVOTATIXA TOV allnlemdQoTV
Ayo, ®oTe va ptoQov e va oryvoNoou e TS TOaVES PETOTQOTES ol To éval €{id0g o A0, Tali-
VOUE

a? 8nG
a2 = Tﬂ(t)
e PM0 PR,o)
3 (pv,o e T
Q0 Q
— <Qm + 2l T’) 42)
Qa a
omdte, 1 eElowan vivnong Tov maedyovTo ®ALARAS TOV ZVOUTAVTOS YIVETAL
-2
a (t) + Ueff(a) =0, 43)
2H?
a 1 Q Q
— 2 M,0 R,0
Ueff(a) =5 (Qv’oa + “a + 2 > (44)

oV, Yot T dedouévn ayint) ouvOnrn a(ty) = 1, pog divel T ovvdenom a(t) yio ndbe yoovixi
otvyu). H eElomon (43) eivon idua pe avthy mov peketioate oty Khaowi Mnyovixr, 6tov peie-
thoote T SUVaTég LOVOOLAOTATES HIVIOELS OMUOTOS 08 duvauxd. XONoLLoToLdVTag TV (O
p£0080 pmogolue va pehethoovpe tig duvatés yeovirés eEeMEelg Tov ZVumavTog.



43.1 Amnhég epotijoelg

o [161e 1 SLaoToA) TOU ZOUITOVTOG VOl ETUTAXVVOUEVT) KAl TTOTE ETPEAOUVOUEVT;
Andvimon: Otav —dUgss/da > 0 éyovpe emtdyvvon zar ovtiotorya 0tav —dUesr/da < 0
empPodduvon.

e [0 moLég TLpég NS a(t) elyoape oto ooy pog “dmtongatio”, yio moLeg “vhorgatio”” oL yio
TOLEG EXOVLIE TNV VIEQLOYVOT TOV “%evoD”;

Amdvinon: T wxed a ya ta omoia Qg o/a? > Qaro/a, frova < 1.67 x 1074 éxovue pwro-
noortic. Tio peydha a ywo o ommoio 1oyver Qg a? > Qpro/a, Mhadi a > (3/7)1/3 ~ 0.75 éxovpe
emxQdTNoT TOV %EVOV. EvOldpeoa éxovpe vioroatio.

® 3g TTOLoVG YEOVOUGS OVTLOTOLOUV 0L Ttepiodol Tov ggmTiuatog (B);

Amdvenon: [Toémer va vrroroyiooupe moTe 0 moQdyoviag ®hipoxog elye tig tpués a; = 1.67 X
10~ naw ag = 0.75. Mmogotpe vo. Mioovpe aoduntizd Ty eElcmon Friedmann xow va footpue
ouvAaeTNon a(t) »on Ao exel TOUG YEOVOUC £ KL ta YL TOVS 0TOiovg Loy UeL a(ty) = aj nova(ty) =
ag avtiotouya. Mmogoiue Opmg va AOCOVUE TNV AOXNON TEOCEYYLOTIXE ¢ €ENG: TNV 0Q)T] TO
ZOpmav Hrov vio xobeothg pwtorgatias. Aga, 1 eElowon yia Tov moedyovta ®Alpoxag frov
a%/a* = H3QRo/a*, g omolag n Mo givaw a(t) /a(to) = (t/to)?. Aga, t = to(a(t)/a(t))? = ....

44 Yhoxgatio 1) potorgatia xo k = 1 ovvendyovrar “Meyain Katdooevon™!!

o dOTOXQUTIO. ZTN TEQ(TTMON CTH LoYDEL p ~ a~?

Hoed

%ol 1 eElowon Friedmann maipvel

A k2
-2
. 43)

ue A Oetint) otabegd. Oétovrag y = a? 1 e&lowon avti) yoddeton

. 4kc?
R (46)
0
%o £YEL yLa Moo Ty
k 2
a%ﬂ:&%—?%ﬁ (47)
0

ue aQywi] ouvOun 1 = 24ty — kc?t2/R2. Two k=0 avamadyous T ovumegudpogd a(t) ~ v/t Tov
madyovta xhipaxag. Tia k=-1 to a(t) avEdver cuveymg, evd yia k=1 éxovpe aQynd alENom Tov
a(t), ot ovvéyelo pelmon, péyol ™ oty te = 2AR%/c? natd v omoia To Sopmav 0o éxel
ovoTohel og undevirt] tyuf tov a(tc) = 0.

3

o Yhoxpatio. Ztnv meQimrtworn avt EXovue p ~ a > nou 1) eEiomwon Friedmann yoddetan

B kc?

-2

== 48
a T2 48)
ue B Ogtinn otabepd. H eElowon elvan Aiyo md d0onoln, alld m MOom €xel To (0w yevird yapa-
#TNOLOTXA. Anhadi), yio k=0 Bolonovpe a(t) ~ t2/3, yio k=-1 To Z0umav dtootéhhetan cuveyd,
evi Yo k=1 t0 ZOpmay StaoTéMAeTOn PEYQL TO PEYIOTO PEYEDOS Gimar = BR2/c? nou 0Tn ouvéyela
OVOTEMETAL PEYQL VO UNOEVILOTEL O TTadyoVTag RAMpOXOGS.
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