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Dafrgiékqiq ki'mq iliustracija: Bartolomeu Velho, 1568 (Bibliotheque Nationale, Pgris) C
Andreas Cellarius Koperniko sistema, Harmonia®Macrocosmica +



https://en.wikipedia.org/wiki/Bartolomeu_Velho
https://en.wikipedia.org/wiki/Andreas_Cellarius

William Herschel, 1785

. Edwin Hubble, 1923



The Observable, Universe (accurately scaled zoom qut from Earth)
0 https://www.youtube.com/watch?v=HIN6Ag5-DrU&ab_channel=Equiinex1989 o
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Hubble ultra deep field

NASA ir Europos kosmoso agentura

11,3 dieny stebejimo laiko
(apie 1 mil. sekundziu)
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10000 galaktiky .
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Cefeides

1908 - Henrieta Swan Leavitt MxT t -

Ryskis proporcingas perioduli

Mgpsotiutinis = 5 + Myegimas — 5log0(d)

https://gifer.com/en/3WGR

d = 10(m—M+5)/5

Pvz. Cefeides iSmatuotas ryskis m = 15,53, 0
periodas T ~ 5 dienos, tuomet M = —3,6'

d = 10(15 57—(—3.6)+5)/5 _ — 10483 = 67608 pc
67608 pc ~ 220000 §m +

Wikipedia: Vedran Vrhovac  Ferrarese ir It 1996 +



Hablo-Leméitre desnis -
(1927-1929 m.) U

70 km/sek./Mpc

O¥PARSECS . o
FIGURR 1 R. Kirshner (2004)
19%quce Relation among Extra-Galactic Nebulae.

E. Hubble (1929)
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+ (Galaktikos kuriy tolimo gr'eiti's >c 1
+

* Hablo sfera
* . 14,4 -mlrd. sm.

° \ ’ Wikipedia: Pablo Carlos Budass.i +
aF N Logaritminis visatos vaizdas
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Homogeniska
+ (atrodo taip pat is bet kurio tasko)
Izotropine

A (atrodo taip pat | bet kuria- puse) : +
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Dark Energy
) Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

‘ Inflation T
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Fluctuations —
1st Stars SV \ |
+ about 400 million yrs.
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NASA)WMAP+M0k5Liné komanda




*+1964 metai
* Arno Penzias ir Robert Wilson
*» Atrado visatos ,snypstima"




+
Kosmine mikrobanguy spindtiliuote
Visatos temperatira:

2,725 K R
(2,721-2,729) =
Daznis 160,23 GHz :
E =6.626-10"%eV '
. . . . +



Matomoji medziaga
5%

Tamsioji materija
27

Amzius = 13,772 mljrd

o o .
° Tamsioji energija
+ 68%



Solar System 'Y
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First Particles —_— : Antigravity Today
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Niekas nezino kas vyko per pirmasias sekundes dalis;
16. N ) +



. Didysis sprogimaé be sprogimo
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Kvarky-gliuony sriuba

. t=10325s,
T =10%7 K

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)

=173.1 GeVic® =124 97 GeV/ic*
0

o 'H

higgs

. o) Sukuriama visa medziaga

Ve v (Vp

electron muon tau o +
neutrino neutrino neutrino .
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Temperatura

ion.gif +

e.com/wp-content/uploads/2019/01/en-particle-model-temperature-movement-thermal-expansi
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" Hadronuera

= $ Proton Y ="up"quakk +3€
t 10 > D ="down" quark -
T =103 K
Kvarkai jungiasi | protonus Neutron

Protonai “pasigave” laisva
eleRtrong tampa
neutronais.

-

P ’ K -] Neutrono mase =1675x4030 g,

E ) I NI+ O Protonomase 1673x£30g



; Nn— H+e +v
Branduoliy sinteze i

2H+1H —>3He+~(
4 2H+2H —>3He +n

t =165 - 20 min
T =100K

2H+3H —> %He +n
3H +%He — TLi+y
SHe+n —> 3H+ IH
3He + 2H —> %He + IH

H (75%), He (24%). : 0 %o + o — T v
Li(196) ir kiti (0%) S

12 'Be+n — "Li + H

1
2
3
/|
5 2H+2H — 3H+ 14
6
7
8
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Visi kiti elementai buvo sukurti tik at5|radus pirmosioms
: . : zvaigzdems
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N Fotony epocha +

Pirmaisiai visatos metais energijos (fotonu) tankis buvo didesnis nei
medziagos.

Besipleciant visatai, fotonai neteko energijos (ka mes galiausiai
matome kosmineés mikrobangy spinduliuotes zemélapyje), tuo tarpu |
medziagos energija liko ta pati.

Mazdaug po 70 000 mety nuo visatos pradzios fotonu energija -
nukrito tiek, kad visatoje eme dominuoti medziaga.
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Recombination o

X PO - © —» |
Rekombinacija S ©° o
., -,
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_t=380000 m.
T =3000 K
+

Zemelapio skirtumai .
0.0005 laipsnio -



Tamsieji amziai

Visatoje sviesa gali sklisti netrukdoma, bet jos tiesiog
nera.

Néra Sviesos Saltiniy (pirmosios zvaigzdes dar nespejo
susiformuoti).

Visata atsala iki 60 K (-210 °C).

Vienintele egzistuojanti “sviesa” yra atomu
rekombinacijos metu isspinduliuota energija (dabar
zinoma kaip CMB).
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.t . v’ e v g
Pirmosios zvaigzdes
+

t'="100 mln. m.

M =100 M,

+
Gyvuodavo vos keleta

milijonu.metu.
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! log(Col. Density [g/cm?])

-+

https://wvw.astr'o.ex.ac.uk/people/mbate/Cluster/pr.htmL .



Kaip veikia zvaigzdes

+
* - Populiacija | - 3-5% metaly
* Populiacija Il - ~0,1% metaly
* Populiacija lll - nera metaly

Astronomy cheminiy elementy lentele
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Pirmosios galaktikos

t =200 mln. m.

NASA, ESA, P. Oesch (Yale University), G. Brammer (STScl),

Pe van Dokkum (Yale University), and G. Illingworth

(University of California, Santa Cruz)

o e N A S PR 0 million years after the Big Bang
e

s P RN . Credit: ALMA (ESO/NAOJ/NRAQ) ,

oot e L Pried 13,4 milrd mety
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. Saules sistema

+ t=9 mljrd. m.

https://www.youtube.com/watch?v=3Ymea|E-TT8&ab channel=djxattanta

Planety formavimosi simuliacija Y 28

HL Tau Zvaigzde
(ALMA Partnership et al. 2015)


https://www.youtube.com/watch?v=3YmeajE-TT8&ab_channel=djxatlanta

45 . t+ -

=10 mljrd. m.




Homo sapiens

t = 13,7 mljrd. m.

30




Homo sapiens

- JUs esate cia

t=13,7 mljrdm
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Atsiranda visa medziaga
Susikuria pirmosios zvaigzdes ir galaktikos

Per pikmus 500 mln mety visata issiplecia iki mazdaug 1/3 dabartinio dydzio

-

+

Susikuria Saules sistema

52 +

Homo Sapiens

Pirmosios fosilijos

+ -
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Per pikmus 500 mln mety visata iSsiplecia iki maidal.lg 1/3 dabartinio dydzio
Atsiranda visa medziaga . +
Susikuria pirmosi4§ zvaigzdas ir galaktikos

Susikuria Saules 5|s.tema
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. Kas musuy laukia?

* 'Did\/sig»uééalimas (Siluminé mirtis)
* .Visata plesis tol, kol nebeliks medziagos
zvaigzdziy formavimuisi.
* Didysis susitraukimas

* Visatos pletimasis kazkada sustos, ir visata
prades trauktis kol sugris j pradinj taska

* (Cikline visata

- % - Panasu j didjjj susitraukima, skirtumas tas,
kad po susitraukimo vel gimsta naujos
kartos visata.

-



