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CO oyPLYvN UJE VZNIK,
UDRZANIE SA ZIVOTA?



Faktory pre zivot (ako pozname)
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Spravna poloha v galaxii a spravny typ galaxie
Spravna vzdialenost od materskej hviezdy
Spravna hmotnost hviezdy

Spravna hmotnost planéty

Stabilna obezna draha

Sused — Jupiter

Sused — Mars?

Tektonika

Ocean

Velky mesiac

Spravny sklon rotacie

Malo impaktov pocas vyvoja

Dostatok uhlika?

Atmosféra

Spravne mnozstvo kyslika

“Maybe we are alone in the universe, after all.” ~The New York Times

RARE EARTH

~Whj»'complex Life Is Uncommon in the Universe -

-~ .
e

PETER D. WARD
DONALD BROWNLEE
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Spravny typ galaxie

Zrazka spiralovych galaxii

+ mladSie hviezdy
+ stabilnejSie drahy

- starSie hviezdy
- nizSia metalicita
- chaotickejSie drahy




|-3/38

Spravna poloha v Galaxii

- energeticke procesy

- vysoka hustota hviezd

Catastrophic Event Probability Graph

the graph below estimates the likelihood of a planet experiencing
a steriiization event, such as from a nearby supernova explosion
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Heavy Elements Abundance Graph

the graph below shows the distribution of elements heavier
than hydrogen and helium, from which planets are made
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Spravna poloha v Galaxii

o metalicita hviezd [Fe/H], ale aj [C/O], [Mg/Fe], [Si/Fe], [U/H]
« malo Z - malo terestrickych exoplanét, vela Z — vela jupiterov
« hustota hviezd (supernovy, sterilizacia asi 2/3 hviezd)

o odhad 7-9 kpc od stredu

e 0,3% hviezd v Galaxii vhodné
(Gowanlock a kol., 2011)

Lineweaver a kol., 2004
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Spravna poloha v Galaxii

Vzdialenost: 1000 ly
- vidime za noci i dna

SN 1054 (D = 6500 ly)
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Spravna poloha v Galaxii

Supernova Radioactivity: ®°Fe on Earth and Moon

VZd ialenOSt,: 300 Iy o i Crusts, Nodules, Lunar Knie: FeMn crust

354 4 H+  Fitoussi: crust
H  Wallner: crust

- asi raz za par Myr (depozicia °Fe) I 7 et ol
- ,Lokalna bublina“ @ 300 ly |
- SInko dnu voslo asi pred 5 Myr

Click to Show/Hide: ‘
“2 Labels 0.5 {

60Fe/Fe [10-15]
L 4

——tpe Ty
0.0 1 0 2 > o e

3D Dust ,
Local Bubble Model &6 0 2 4 6 8 10 12 14
PerTau Bubble Model | SEifGaRE & Ludwig: sediment
Radcliffe Wave Model 3571 | - Wallner: sediment
Split Model ‘

—. 3.0
Sun n

-
Stellar Clusters | 2.5
Cloud Skeletons S

— 2.0

v |

151 | ‘

) 3

L t

o 1.01 !

© ' ’{

0.0 (&H = a‘—o& -------------------------------- -

0 2 4 6 8 10 12 14
Time [Myr ago]

Fields a kol., 2019

Zucker a kol. 2022




| —7/38

Spravna poloha v Galaxii

Vzdialenost: 150 ly
- korpuskularne kozmické Ziarenie: rakovina, vplyv na mozog
- nabité Castice mimo ,ochranné” mag. pole Zeme

- mOze trvat desiatky rokov
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Spravna poloha v Galaxii

Vzdialenost: 100 ly
- kozmické ziarenie + UV
- vysokoenergeticke y poskodi O,

- poskodenie planktonu
Phytoplankton inhibition of primary productivity UVB irradiance
Percent difference, (SNICF!case-Con|1troI)/ControlI
9N +———~——— 1

Percent difference, (SNCRcase-CorstroI)/Control
l 1 1 1 l 1 ' L 1 1 1

el —=p 240
220

60N -~
180

30N 160
140

0 0 - N 120

| 100

308 30S - B 80

60
40
20

60S

0SS +——————T T T 71 0S +—————T T T 1
0 200 400 600 800 0 200 400 600 800
Days Mellot a Thomas, 2018 Days




| - 8/38

Spravna poloha v Galaxii

Vzdialenost: 100 ly
- kozmické ziarenie + UV
- ¥ poskodi O,, konden. mrakov? (doba ladova?)

- poskodenie planktonu

Phytoplankton inhibition of primary productivity UVB irradiance
Percent dlfference (SNCRcase Control)/ControI Percent diﬁl‘erence, (SN‘CFlcalse-Co?trol)/ControlI
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Spravna poloha v Galaxii

Vzdialenost: 25 ly

- silné kozmicke ziarenie + UV, ionizacia, burky
- vysokoenergeticke y zni€i 50-100% O,

- zahubenie planktonu

- prezite? v bunkroch

- masové vymieranie v devone? (360 Mya)? Fields a kol., 2020
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Spravna poloha v Galaxii

Vzdialenost: 4 ly

- susedna hviezda

- druhé Sinko

- spaleny povrch + smrtiacia radiacia
- odpar z oceanov, preziju hlibiny?

1/20-1/2 L,
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Spravna poloha v Galaxii

Pre upokojenie:
- do vzdialenosti 1000 ly je asi 270000 hviezd ale len 6 kandidatov na

SUPETMOVLS Mm Vet et i

IK Peg Pegas
_ Spica Panna 250
‘% Alpha Lupi Zajac 460
§ Antares Skorpién 550
% Betelgeuse Oriodn 640
5 Rigel Orién 860

X

Betelgeuse: 100 tisic az 2 mil. rokov
Lineweaver a kol., 2004:
SN la: 18 —22 pc~60—-70ly
SNIl:4-16pc~13-50ly

IK Peg: 2 mid. rokov
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Spravna poloha v Galaxii

vr=239+9kms? (Hunt a kol., 2016), 1 obeh ~ 230 Myr

LSR: U = 8,5 kms™, V =13,38 kms?, W = 6,49 kms™ (Coskunoglu a kol., 2011)

Nordstrom a kol., 2004
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Spravna poloha v Galaxii

Hustotné viny, premiesavanie hviezd Lin a Shu, 1964

pevné diferencialna hustotne
ramena rotacia viny
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Spravna poloha v Galaxii

Prechod cez Spiralové ramena suvisi s kbrou Zeme?

B Cometary nuclei :

long period comet

gravity pull slowly transforms long
period comet to short period comet

short period comet

oort cloud
eliptical plane

orbit direction

hort period comet

66  Age (Myr) C Comet impact
®  |mpact crater
° Spr'\erule' ' incoming comet
*  Major extinction event o oo K soliy
. : small droplets of molten rock soliairy,
% An cheap light oxy_ gen excursion fall back to earth and are preserved
#  Cambrian explosion in layers of rock, forming spherules
—— Spiral arm
relative orbit speed
+«— Sun ~240 km/s
<«— Spiral arm ~210 km/s
crustal seed ;
4 Post-impact
D Early crustal nuclei development _g f"’iﬂ;:é't'ef decomprepssion

zone of shock
metamorphism

"ydrothermally allered mafic crust -

Kirkland a kol., 2022
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Spravna vzdialenost od materskej hviezdy

,Obyvatelna zona“
0) voda medzi 0-100°C

1) vnutorna hranica = nezvratny sklenikovy jav (1,1 L), vonkajsia hranica = pozitivny
sklenikovy jav (0,36 L)

2) vnutorna hranica = nedavna Venusa (1,78 L), vonkajsia hranica rany Mars (0,32 L)

Maximum
Recent Venus Runaway Greenhouse Greenfouse

+ tajne predpoklada
atmosféru podobnu Zemi
a skalovanie tlaku N,
podla hmotnosti
planéty.

Temperature (K)

438b

. 1229bg * & |
bt G\ ‘ W 186f
560b  Gliese|667Cc ]
“ Prox Cenb
TRAPPIST—l(g

Image Credit: Chéster Harman ’ : Effectll\fg Stellar Flux (Seff) 4 ’ ’ KO p pa ra p u a kOI ) 20 13 a 20 14

Planets: PHL at UPR Arecibo, NASA/IPL
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Spravna vzdialenost od materskej hviezdy

Kontinualna , Obyvatelna zéna“
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Spravna vzdialenost od materskej hviezdy

Kontinualna ,,Obyvatelna zéna“
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Distance [AU]

Spravna vzdialenost od materskej hviezdy
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Objav
Vzdialenost
Hmotnost
Polomer
Hustota
Teplota
Gravitacia

Dizka dria

2011

245 ly
0,33 M,
0,75 M,
0,96 g/cm?3
-85°C
1,55¢g
228,8d
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Spravna vzdialenost od materskej hviezdy

Slapovy zamok a teplota
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Leconte a kol., 2015
BT TS
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Spravna hmotnost hviezdy

,2ivot” hviezdy na hlavnej postupnosti
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Spravna hmotnost hviezdy

Trappist-1: 42 vzplanuti / 80 dni

Rotacia hviezdy: asi 3,3 dna (porov. SInko: asi 25,4 dna)
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Spravna hmotnost hviezdy

Trappist-1: 42 vzplanuti / 80 dni

Rotacia hviezdy: asi 3,3 dna (porov. SInko: asi 25,4 dna)
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Vzplanutia cervenych trpaslikov

Trappist-1: 42 vzplanuti / 80 dni

Rotacia hviezdy: asi 3,3 dna (porov. SInko: asi 25,4 dna)
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Spravna hmotnost planéty
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Spravna hmotnost planéty
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Spravna hmotnost planéty

Tekuté jadro — tektonika, magnetickeé pole

Earth Magnetosphere \ Magnetosphere of Mars ‘

Bowshock
Magnetopause

Twisting of
magnetic flux tubes

Solar Wind Plasma |
The ate ses
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Stabilna obezna draha
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Stabilna obezna draha

ARIEL PLANETS - PRESENT DAY ORBITS ARIEL PLANETS - FORMATION REGIONS
(HOT AND WARM PLANETS) (COLD PLANETS - ATMOSPHERIC COMPOSITION NOT REPRESENTATIVE OF INTERIOR COMPOSITION)
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From Super-jovian Planets to Super-Earths
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P Formation/Evolution ———3m Planetary Migration ———Jp Formation & Migration m
Dhego Terrmi & Mirko Riazaok

Turrini a kol., 2018
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Sused - Jupiter

Ochrana pred kométami a asteroidmi

1992—9?—1.5 20:11 Shoemaker-Levy 9

0.000km/s 6,245,334km
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Sused - Mars

Potencial pre osiatie zivotom?
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Ocean

Nie nutne vodny? Tak akurat.

Diameter: 12,742 km
Average Ocean Depth: ~4 km

Volume: -1.4 billion km®

EARTH’s
29% land
71% liquid water

EARTH

Diameter: 3,120 km
Average Ocean Depth: ~100 km
Volume: -3 billion km?

EUROPA

Ice Crust
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Velky mesiac

Spravna vzdialenost, stabilizacia sklonu rotacie
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Nakajima a kol., 2022
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Sklon rotacie planéty

Nie prilis velké rozdiely medzi roénymi obdobiami

0.2
Earth
_?015 Mars
“:’ ' ' '
£ 04} , i
®
8 \
W 0.05 2
'IY(AI "”i"
0
50
40k 1
&
£ . .
230 { v |y
3 | il |
©2 Vit
| al |
10
800
.'-‘E
% oo T in: il Stitai, diiks
% 400 i'“‘l""l (LCERAC Mr/ i ;‘I,ll:'lk"‘,l J RARA A U\ M “l"ll""'ll {.[I" “ | L Lol | ITN I 1 | LIy shakha i
_‘g 200 3 g b B L R | oy LR B R ' [ /| 'A. ) '.-.In"‘.'l| ALY l‘_\'llll"_‘j
Z
- 0 ] ] ] I 1 I 1 ]
-10 -9 -8 -7 -6 5 -4 -3 -2 -1 C

Time (Mvr)

Laskar a kol., 2002, 2004




| -33/38

Malo impaktov

Bombardment of the Earth during
() the Hadean and Eoarchean eras

(ca. 3.5 - 4.5 billions of years ago)

© Simone Marchi, 2014

Planet Migration & Scattering in the Early Solar System

Sucdasnost

Asteroid Diameter (meters)
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Batygin a Laughlin, 2015 Lynch, 2007 - https://geology.com/articles/near-earth-asteroids.shtml
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Atmosféra

Sklenikovy efekt? Pre spravnu teplotu, nie prilis vysoky tlak

temperature (K)

100 400K 600 800
I 71 I I I I [ [
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10 70
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2 90 )
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0 | | ] | ] l ‘ ]
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Dostatok uhlika?

Dost pre organické molekuly, malo pre nezastavitelny CO>
sklenikovy efekt

4He

: 4 8B 4
ajii /@e s . ~@\, A
SN, @/ < @
e IR
12C V\T/

N

A
> 13
Protosolar! Earth? Halley> CI-CM* uk N C
3.0x1072 6.0 1.2 @

H 71.54
He 27.03 1.5x10°°
L C 0.25 5.2x10~2 18 3.65 )|
N 7.3x1072 1.7x10~* 0.8 0.15
I Asplund et al. (2009). 2 Marty (2012). * Delsemme (1991) and as- J Proton
s.uming t}lat the organics has a composition like Halley CHON par- o Neutron Gamma ray Y
ticles (Kissel and Krueger 1987).* Alexander et al. (2012) and Marty Positron it

(2012) for noble gases; averages of two carbonaceous chondrites,
Murchison (CM) and Orgueil (CI).
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S/S,

hmltatton i"m

pCO, (bar) NPP/NPP,

pO, (PAL)

pCH, (ppmv)

Spravne mnozstvo kyslika
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Evolucia sekundarnej atmosfery, nie prilis vela — poziare...
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Teplota na povrchu
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HD 209458 b
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Exoplanéty

o Oficialna definicia IAU pre planéty sa tyka LEN Slnecnej sustavy

o Objekt so skuto¢nou hmotnostou < limitnd hmotnost pre termojadrovu
fuziu deutéria (v sucasnosti asi 13 hmotnosti Jupitera), ktora obieha hviezdu,
hnedého trpaslika alebo zaverecné stadia hviezd, ktoré maju pomer
hmotnosti s centrdlnym telesom mensi, ako nestabilita L4/L5:

Mp/M, < 2/(25 + \/621) = (0,04 bez ohladu na to, ako vznikla.

Minimalna hmotnost/polomer by mala
byt rovnakd, ako pre planéty v SInecnej
sustave (dosiahnuta hydrostaticka

‘ha. 9P _
rovnovaha: 5, T P9 = 0)

Potvrdenych (z toho sustav) 5211 (3898)
Kandidatov (z toho sustav) 9116 (4000+)
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Tranzity
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Atmosféry exoplanét

Starlight

Starlight

Starlight
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Atmosféry exoplanét
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Atmosféry exoplanét

Credit: NASA Wavelength um
1.2 1.3 1.4 1.5

WASP 19 b

Model
Hydrocarbon
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Atmosféry exoplanét

HOT GAS GIANT EXOPLANET WASP-96 b

ATMOSPHERE COMPOSITION

NIRISS Single-Object Slitless Spectroscopy
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Rychlosti

W
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Ma to pevny povrch?

1.4
A
&
13k Gaseous & //
G Gliese 113,
®12F : o
m b nepie o0
= o b——— +K2-229b
(2} 7
2 11 TRAPPIST-1 {
S .
® ¥~ TRAPPIST-1 ¢ 100% core
> 1.0 Earth
« ,
% 0.9 .¢) Vens Theoretical composition ref. '°
a

o
@

TRAPPIST-1 e

_TF): PIST1 d
i 7RAPPIST-1h.-"
0.7 [
1

Non-planetary

—— 50% mantle + 50% water

« 100% mantle
32.5% core + 67.5% mantl (Earth-like)
68% core + 32% mantl (Mercury-like)

1 1 1

0.0 0.5

1.0

1.5

2.0 25 3.0

Bl Santerne a kol., 2018 Planetary mass (M)

Teleso p(g/cm3) [R(R;) | M (M)
Merkur 5,427 0,383 0,055
Venusa 5,243 0,950 |0,815
Zem 5,514 1 1
Mesiac 3,344 0,273 0,012
Mars 3,934 0,533 | 0,107
ceres  [2161  [0074 [0,0002 ]
Ganymedes | 1,936 0,413 | 0,025
Titan 1,880 0,404 |0,023
Triton 2,061 0,212 |0,0036
Puto 1860 o187 [0002 |
Charon 1,707 0,095 | 0,002
Jupiter 1,326 10,5 317,8
Saturn 0,687 8,55 95,16
Neptun 1,638 3,8 17,15

3.5
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Tranzity... modely vnutra

100, 6 100 3 100
0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90 100
Metallic core (wt%) Metallic core (wt%) Metallic core (wt%)

\AAAJ

Ice
® Liquid water
High pressure Ice

Delrezova a kol., 2021 = Mantle
m Core

Likelihood of posterior distributions

I 2
0 X

I I I¢ Uncertainty on total planet radius
I I I:I; Uncertainties on layer thickness

| | b— Gas envelope
L Water envelope

Metallic core + rocky mantle
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Tranzity... exomesiacov?

Orbit direction

about star
—

relative flux (parts per thousand)

Fox a Wiegert, 2006

1/3
PP
2nGM,

ITV =

Mpya 1 - e?
mipn (=)
Mp + My, 1+ ecos(f)

w+f—%)

36 30 -24 -18 -12 -6 0 +6 +12 +18 +24 +30 +36
time from inferior conjunction [hours]

Kepler-1625b | - Teachey a kol., 2017
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Residuols

Relative Intensity

1.000

0.998

0.996

0.994

0.8992

0.990

0.988
0.002

0.000
-0.002

Tranzity... Ci exoplanét s prstencami?

OO

Tusnski a Valiova, 2011
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Tranzity... kozmickych lodi?
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Casovy sled vzniku Zivota na Zemi

13,787 Gya — vznik Vesmiru

13,463 Gya — najstarsie galaxie

8,8 (£1,7) Gya — vznik (disku) Galaxie

4,567 Gya — vznik Slnecnej sustavy

4,54 Gya - vznik Zeme

4,404 Gya — krystaly zirkonu (prva voda) =9
4,1-3,8 Gya — neskoré velké bombardovanie
4,2-3,7 Gya — abiogenéza?

3,8 Gya— LUCA?

3,5 Gya — mag. pole Zeme, prvy O3

3,42 Gya — mikrofosilie stromatolitov =
2,7 Gya — prvé eukarytoty

2,4 Gya — atmosféricky O3

2,3 Gya — ozénova vrstva

1,9 Gya — mnohobunkovce

~0,9 Gya — diferencované Zivocichy

0,475 Gya — prechod rastlin na sus
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Alternativna biochémia?

' ELEMENTS OF THE HUMAN BODY 3

13 1 15 6 7
5 i 10
Mass Fraction = 10917 B C N 0 F Ne
Boron Carbon Nitregen Oxygen Fluorine Neon
x‘l sxm‘ 3x102 snn‘ 2x10°
EEEEEEREE —
18
Si Ar
Silicon Phuaphuruﬁ Dhl Argon
7 e a 0 " 2x107° || 11x102 153103
26 8 36
n Fe Co Zn
I‘Ilnganne Iron Coball Gopp |||||| Kr m
0x10 "l 6x10® 108 .- 1x10°8 2:«105 zsst
44 45 46 54 |
In Sn Te Xe
ladiut Indium Armmuny Ta{l m
Dxl 0x10
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Gold

Zivot na Zemi: |

makromolekuly: 2 5
proteiny, 3
karbohydraty, lipidy, .[x|ca|s
nukleové kyseliny R “S.- “v

R bd’ Stroj !um Ytirium
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Ca, P, S...

@
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<
S

Lead B u!h Polonium
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Alternativna biochémia?

NO_, atmosféra + P-N Zivot:
rastliny: NO2 z atmosféry, P z pédy, O2 do atmosfery
zvierata: dychaju O3, vydychujd NO2

NHs (redukéna) atmosféra + P-N zivot:
rastliny: NHsz z atmosféry, P z pédy, H> do atmosféry
zvierata: dychaju Hz, vydychuju NHs

O, atmosféera + C-H zivot:
rastliny: CO2 z atmosféry, N z pody, O2 do atmosfery
zvierata: dychaju O, vydychuju CO2
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Alternativna biochémia?

Makromolekuly | Rozpustadia | Teplotapri 1 atm

fluorosilikony fluorosilikony 400 -500 °C silany st nestabilné, stabilizuje striedanie Sia O
fluorokarbony tekuta sira 113 -445°C F nahradza H v hydrokarbénoch, uvolfiuje O2 do atm.
proteiny voda 0-100°C odbural sa CO2 z primarnej atmosféry
proteiny tekuty amoniak -77,7--33,4°C CHa, NH3 v atmosfére? CHa4 by sa odburaval.
poly-lipidy tekuty metan -183,6 —-161,6 °C  nepolarne rozpustadlo
poly-lipidy tekuty vodik -253 —-240°C nepolarne rozpustadlo
12 1%
e

- 10 - E a elements
vesmirC:Si~7:1 3 : c?/

[} 1 &Ne Fe group elements

T g4 v ! si (most tightly bound)

, Lo 2 PoNiRagy
(detegované) medzihviezdne 2 R A ."-?
N P~ N o 6 1 I: :l .:= “l"n.!“ ""'ll r-bound elements

molekuly C:Si~84:8 3 4 f I“!TI?'-HZH tighterbound lement

H b iAo

) § a{iir i M /

vesmirC:P~700:1 S ¢! A Py

- s Sc veilie Ba

R B ’ “"r RAAR Pt ]Eb

: VAR e, D < 0
Bc\rragﬂe elements shys 3¢ / .ﬁﬁ.‘.”qu’uaﬂ,"u'.r ¥l g
0 1 .
0 20 40 60 80 101

Element (Z)
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Alternativna biochémia?

Makromolekuly | Rozpustadia | Teplotapri 1 atm

fluorosilikony fluorosilikony 400 -500 °C silany st nestabilné, stabilizuje striedanie Sia O
fluorokarbony tekuta sira 113 -445°C F nahradza H v hydrokarbénoch, uvolfiuje O2 do atm.
proteiny voda 0-100°C odbural sa CO2 z primarnej atmosféry
proteiny tekuty amoniak -77,7--33,4°C CHa, NH3 v atmosfére? CHa4 by sa odburaval.
poly-lipidy tekuty metan -183,6 —-161,6 °C  nepolarne rozpustadlo
poly-lipidy tekuty vodik -253 —-240°C nepolarne rozpustadlo
Viizba (Id/mol)
H )
| H. _O_ _H C-C 330
N Sit S c-0 360
H\u"‘ ~ / A\ /N -
- H H HH H
H C-H 390
+ Si-Si 222
H H H .
| I108.70 pm | Si-O 452
“cY H—C—C—H .
<N H ik Si-H 384
109.5 H H
+ H-H 432
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Alternativna biochémia?

Makromolekuly | Rozpustadia | Teplotapri 1 atm

fluorosilikony fluorosilikony 400 -500 °C silany st nestabilné, stabilizuje striedanie Sia O
fluorokarbony tekuta sira 113 -445°C F nahradza H v hydrokarbénoch, uvolfiuje O2 do atm.
proteiny voda 0-100°C odbural sa CO2 z primarnej atmosféry
proteiny tekuty amoniak -77,7--33,4°C CHa, NH3 v atmosfére? CHa4 by sa odburaval.
poly-lipidy tekuty metan -183,6 —-161,6 °C  nepolarne rozpustadlo
poly-lipidy tekuty vodik -253 —-240°C nepolarne rozpustadlo
Acrylonitrile
A B

azoto group

Phospholipid bilayer in water Azotosome bilayer in methane

Stevenson a kol., 2015
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Abiogenéza

Habitable XAXLL "'té‘ B 8
world My Prebiotic
synthesis
“ Polymers,
vesicles

“ Protocells? ... W
N

“ Diversity

of life
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Millerov-Ureyov experiment

)

e
‘ )}
electrodes

spark

T

gas inlet
CH4 NH3

Hz0, CH4,
NH3, H2

direction of circulation

cooling

CO, > CO+[0]

CH4 + 2[0] - CH20 + H;0
CO + NHz - HCN + H;0
CH4 + NHs - HCN + 3H;
CH20 + HCN + NH3 - C;Hs4N; (diazoetan) + H,0
C2HaNz + 2H20 - NH3 + C2HsNO:2 (glycin)

CH,0 - Butlerovova reakcia - CsH100s (ribdza)

heat source
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Millerov-Ureyov experiment

Produced in experiment
Amino acid # Miller-Urey , |Volcanic spark discharge , | HS-rich spark discharge , | Proteinogenic +

(1952) (2008) (2010)

Glycine v v v Yes
a-Alanine v v v Yes
p-Alanine v v v No

Aspartic acid v v v Yes

o-Aminobutyric acid v v v No

Serine 4 v v Yes

Isoserine X v v No

o-Aminoisobutyric acid ! 4 v v No

p-Aminoisobutyric acid X v v No

B-Aminobutyric acid X v v No

y-Aminobutyric acid X v v No

Valine X v v Yes

lsovaline X v v Mo

Glutamic acid X v v Yes

Norvaline X v X No

a-Aminoadipic acid X v X Mo

v Homoserine 4 v X No
Vulkan Chaiten, Cile 2-Methylserine X v x No
. p-Hydroxyaspartic acid X v 4 No
2.5.2008 (Carlos Gutierrez) R = X .
2-Methylglutamic acid X v X No

Phenylalanine X v X Yes

Homocysteic acid X X v No

S-Methylcysteine X X v No

Methionine b f / Yes

Methionine sulfoxide X X v No

Methionine sulfone X X v No

[soleucine b f / Yes

Leucine X X v Yes
Ethionine X 4 v No
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Panspermia

Experiment ukazal, ze
Zivot nemoze spontanne
vzniknut zohriatim

Spoéry z vesmiru
prenasaju meteority.
(litopanspermia)

Ano. Ved na
meteoritoch su
organické molekuly a
kométy pozostavaju z
vodika a uhlika.

Luis Pasteur

(1822-1895)

William Thomson
Lord Kelvin
(1824-1907)

Hermann von Helmholtz
(1821-1894)

Nie, spory putuju pod
tlakom hviezdneho vetra.
(radiopanspermia) To je jedno. UV
Ziarenie aj tak

spory zabije.

Henri Becquerel

Svante August Arrhenius
(1852-1908)

(1859-1927)




I1-17/25

Panspermia

Aby mikréb mohol tlakom Ziarenia
putovat od hviezdy, musi mat rozmer
asi 0,2-0,6 um. Zaroven hviezda musi
mat dostatok svietivosti (cca od G5-
A0). Naopak C¢ervensia (M, K) hviezda
ma slaby tlak Ziarenia a neodveje
spory. Stale problém so sterilizaciou

Fred Hoyle Chandra UV a rtg. Ziarenim.
(1915-2001) Wickramasinghe
(1939-) Shklovsky a Sagan, 1966

Kozmicky prach obsahuje
organické molekuly.

Wickramasinghe a Allen, 1980, 1981, 1983

Jozif Sklovskij Carl Sagan
(1916-1985) (1934-1996)
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Litopanspermia

\\ NH,CH,COOH
A Vi
ki CH,NH, CH,OH

ch, | m
\ \ NHG 3 __/ —
i \ N C
fy HCOOH
\ f — NH, ! < | /m/
\ ! 0

H,CO -

\

Akl

0
Co,

CO

- Dust settling to
( \ ( Heating and \ .
Water-rich ice UV processing cold, dark midplane

I A\ o
1
100 au 50 au

Q0.000 au ) 30,000 au \10.000 au )

This work Previous

loppolo a kol., 2020
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Litopanspermia

Meteorit Orgueil (Francuzsko, 14.5.1864)

Orgueil Filaments

Phormidium sp. s 'IMierdt'al‘\us sp.
- Q.O , -
’ w3 .

»'{‘

. -)-" e N
Hoover, 2009

-
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Litopanspermia

Meteorit ALH84001 (Antarktida, 1984)

McKay a kol., 1996
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Litopanspermia

11/'Oumuamua (2017)

Jackson a Desch, 2021

mean spherical radius (m)
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.+ Ejectionfrom Parent System
Uit ~04Gyrago ‘
* ¥, v Axes 92x91x54m

SR Axis Ratios 1.7:1 -

T & Erosion by Galactic
& Cosmic Rays

Entry to Solar System
~1995 '

72 x71 x34m
2121

" Perihelion - ‘ .
September 9, 2017 i
58 x56x20m ‘ :

-2.9:1

Exit from Solar System

- ~2040

43x41x49m A

Observations :
October-November 2017
45 x44x75m

6:1 = ~
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Organické latky vo vesmire

Tholiny (z N, a CH,)

Kredit: John Hopkins University
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Organické latky vo vesmire

Tholiny (z N, a CH,)
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Pseudo-panspermia

o Astromolekuly napr: formaldehyd (Snyder a kol., 1969)
o metylamin (Kaifu a kol., 1974)

« metanol (Ball a kol., 1970)

o acetdn (Combes a kol., 1987)
o mocovina (Remijan a kol., 2014) w
o kyselina octova (Mehringer a kol., 1997)
o Aminoacetonitril (Belloche a kol., 2008) \j

« fulleren / Buckyball (Cami a kol., 2010)

Sgr B2 (390 ly od centra Galaxie, @ 150 ly, 3x10° M, N~3000 cm™3)
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Pseudo-panspermia

Hustota ~ 100-300 mol. cm3
~1 zrno cm?3

Teplota~7—-15K

Velkost zfn ~ 10-100 um

NASA StarDust (2009): glycin

Jessberger a kol., 2001
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Sucasné poznatky o moznostiach
Zivota vo vesmire

1.12.2022 Space::Talk




KDE A AKO H L'VADAT
MIMOZEMSKY ZIVOT?
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Kde hladat — Mars

ESP_011428_1380

Methane release:
Northern summer

Mumma a kol., 2009

365 1,00 1,00 1,00 0,02 1 1 9,81 1361 0,31 15

687 1,52 1,52 1,52 0,10 0,11 0,53 3,72 589 0,25 -63
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Kde hladat — Mars

Historicka voda na Marse

Amazonka
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Kde hladat — Jupiterove mesiace

Ocean
(liquid water)

lcy crust.__

Rocky mantle

-

Polar frost

Hexagonal ice (1p)
Saltwater ocean
Monoclinicice (V)

Saltwater ocean

Rocky mantle

Callisto

SATMOD monoclinic ice model
layers drawn to scale

- ~— Light terrain
Crater -

. DESEE
‘Grooves
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Kde hladat — Saturnove mesiace

Global Ocean on
Saturn’s Moon i : Ice crust
ENCELADUS |

Global ocean

Rocky core

South polar region
with active jets

* Thickness of layers is no|
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Kde hladat — Saturnove mesiace

husta atmosféra, povrchové jazera s metanom
2010 - menej vodika v atmosfére, ako bolo ocakavané

— organizmy alebo neznamy prirodny jav?

600 —

500 —
Temperature

400 —

300

Pressure (bar)

200

180°

Height above Titan’s Surface (km)

North Pole South Pole 100

B ek © Hummocky

- Craters - Labyrinth 0

I ocres ] Pains 0 80 100 120 140 160 180

Temperature (K)
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Jednoduchy = zivotaschopny

Teplota, sucho, kyslost, slanost, radioaktivita, tlak, nehostinnost
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Jednoduchy = zivotaschopny

Microbispora sp. prezila havariu
raketoplanu Colulmbia (2003)

McLean a kol., 2006

D. Radiodurans
prezila vySe 3 roky
na vonkajSom
povrchu ISS
(bez UV Ziarenia)

Ott a kol., 2020
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Biosignatury

co

VENUS

co.

MARS 210

w o
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|5
8 10 14 20 *q'J‘ 0.3
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Biosignatury

500 MILLION 1 BILLION 2 BILLION
TODAY YEARS AGO YEARS AGO YEARS AGO

v

LAND VEGETATYON

Mars (EPOCh obs & model)
1 COral s 450nm - 650nm 950nm
Tree 0.4 550nm 750nm ¢ model
Sea Slug s 88t
0.8 Lichen o . ‘1 . ?
Algae B 03 L b= tiee,
v Cyanobacteria - 8 . a
b a ~ >Ec .
§ 06 E o2 ~
g g | ———m——=
(4]
[+ 4
> 0 .
0 > %
r . 0.0 0.2 04 06 0.8 1.0
400 450 500 550 600 650 700 750 800 spin rotational phase / 2x
Wavelength (nm) FUJ“ 3 kOI 2014
*)

O'Malley-James a Kalteneggerova, 2019
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Priame pozorovanie exoplanéty?

Rozlisenie:

1 pixel

@ teleskopu:

“hociaky”
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Priame pozorovanie exoplanéty?

v ‘ .. | .
3 (i K;s‘xce
L 4

b ¢

Rozlisenie:

3 x 3 pixely

@ teleskopu:
46 km
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Priame pozorovanie exoplanéty?

ANNN
VVVVV |
AN AN AN AN AN AN AN

a % ﬁ
\VARVIRVIRVAR VAR VARV,
ANTANTANTANA / >< >< >< A ,f‘i
\VARVARVARVARVEN VALY ALV,
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Priame pozorovanie exoplanéty?

HR8799 Marois a kol., 2008
D=129ly

a=14-70 au

uhol: 0,000 001°

. 20 au
2009-07-31
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Spektralne typy

B 20 000°C
A 8 500°C
F 6 200°C
G 5500°C
K 4 200°C

B 730 1510
A 26 285
F 4 112
G 1 56
K

0,1%
0,7%
2,0%
3,5%
8,0%

PocCet v NASA Exoplanet Archive
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Evolucia mladych hviezd
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Exomesiace a cas

2 Ma:
First Hominins
230-66 Ma: 4550 Ma:

Non-avian dinosaurs Formation of the Earth

> Hominins

/ Mammals

Land plants

Animals
Multicellular life
Eukaryotes 4527 Ma:
Prokaryotes Formation of the Moon

c. 380 Ma:
First vertebrate land animals

c. 540 Ma:
Cambrian explosion

c. 4000 Ma: End of the

¢. 650-635 Ma: Late Heavy Bombardment
Marinoan Glaciation first life
6500 70 (Snowball Earth event)
¢. 716-660 Ma:
Sturtian Glaciation
EGUU (Snowball Earth event)
60
. i
5500 A - a;.?. ¢. 3200 Ma:
50 = Earliest start
o of photosynthes
S
5000 - . ®
< o
= - 40 [=1
o
=~ >
4500 - =
=}
3
-30 5
1+
4000 A i T
20
3500 A -
c. 2300 Ma:
First major increase in atmospheric oxygen levels;
first Snowball Earth event (Huronian glaciation)
3000 T 10
1071 100 10!

ap [AU]

Dobosova a kol., 2022
BT TS
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Vyber

5 farieb po 6 druhov telies s roznym zastupenim
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Vyber

P.(zelena) = 1/5
P,(d10) = 2/7
P.(8 alebo 80) = 1/10

Kolkokrat padne zelena d10 s Cislom 8
alebo 80 z 1000 pokusov?

2000

N = 1OOOXPCXPdXPn=m~5,7
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Vyber

P.(zelena) = 1/5
P,(d10) = 2/7
P.(8 alebo 80) = 1/10

Kolkokrat padne zelena d10 s Cislom 8
alebo 80 z 1000 pokusov?

2000
N =1000xX P. X P; X P, =
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Drake-ova rovnica

Drake, 1961

Frank Drake
1930-2022

e X X fi X fe X fi

b’?p“
- A
v
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Drake-ova rovnica (1961)

mn_ mn_

fo
Ne
fi
f
fe
fi

3,5x 101

0,5 0,1

1 1/v3
0,5 0,1
0,2 0,1
0,2 0,1
10 1077

N = 3500 + 3363

Maccone, 2010

2,25 1,75
fo 09 0,1
ne 04 0,3
i1 01 Claudio Maccone
f 10-° 10-10 1948-
fo 02 0,1
L 304 100

N=492x10% +6,12x10%

7 7
N = HDk N Y=ln(N)=ZYk, N = eY
k=1 k=1
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Statisticka Drake-ova rovnica

Maccone, 2010

56310 %

» PROBABILITY DENSITY FUNCTION OF N

6-10
~ 510
2
§ 4107 AN
: \
= —4
2 310 ’ <
& _
32 290"
8
= 110"

0
0 1000 2000 3000 4000

N = Number of ET Civilizations in Galaxy

stredna hodnota y = 4590
smerodajna odchylka o = 11195
median poctu (50:50) m = 1740

https://www.aldebaran.cz/bulletin/2012_46_dra.php

Probability density function (1/meters)

4510 %

338410 2 /

INEEVEEAN

11310 >°
~N

DISTANCE OF NEAREST ET_CIVILIZATION

2R\

/ N

N

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
ET Distance from Earth (light years)

stredna hodnota y = 2670 ly
smerodajna odchylka o = 1309 ly

e Chiiciavteto
lo 68% 1361 - 3979
20 95% 52 — 5288
30 99,7% 0-6597
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Upravena Drake-ova rovnica

Ward a Brownlee, 2000
N = Ng X fp X fom X Ne XNy X fi X fo X fi X frn X fj X fipe X =7

~ 7"-’\
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Seager-ovej rovnica (2013)

N = Ng X fo X faz X fo X fL X fs

Sara Seagerova
1971-

Howard a kol., 2010:

23% hviezd maju planétu 0,5-2 M,
Gowanlock a kol., 2011:

~5% hviezd ma 0,1-10 Mg planétu v HZ
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Tazké kroky vyvoja

Forgan, 2009 — existuju evolucné skoky, ktoré nie kazdy zivot
zvladne, ale musi prekonat, aby dospel do inteligentného

stadia

N T Tinw Pl

stage’

PROTEROZOIC EON

2500 to 541 million years ago

O H# oo M

N

SNOWBALL MULTICELLULAR 0ZONE
EARTH LIFE STABILIZATION
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Scendr — panspermia

o susedné planéty v HZ
e hie iné hviezdy

6000

5000

4000
z 3000F
2000 F

1000 E

30

Table 2. Statistics for the Panspermia hypothesis

Standard

Variable Mean deviation
lanets total 4.7295 x 10® 401 530
Nr'ﬂfmh:’.'ed 690983.63 53
N fedgling 75923.04 ]
Nn’.:!.m'uyed 37958.07 11
N{m’vum'ed 37964.97 20

Imhabir =3

\

Wb = O =

W

Forgan, 2009

Biosphere which has been annihilated
Planet is lifeless

Planet has primitive life

Planet has intelligent life

Planet had intelligent life, but it destroyed

itself

Planet has an advanced civilization

Planet has been colonized by an advanced
civilization. (13)
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Scenar — vzacny zivot

Table 3. Statistics for the Rare Life hypothesis

o planétav HZ

Standard
. Variable Mean deviation
« hviezda <2 Mg
Np:’ane’r.’f,muu' 4.770 x 108 381
[ S u Se d J u p Ite r Nin.-’mbfred 80090 22
Nﬂedg!iﬂg 728.6 1
Nde.s'rra}'ed 367.3 0
N{uh!unfed 361.2 2

Forgan, 2009

400~ T T T T T T T T ]
3002— — (—1 Biosphere which has been annihilated
0 Planet is lifeless
. E 1 Planet has primitive life
] 2 Planet has intelligent life
- : Lunapir=1< 3 Planet had intelligent life, but it destroyed
100 E itself
- ] 4 Planet has an advanced civilization
ok | | 5 Planet has been colonized by an advanced
0 2 4 6 8 10 \ civilization. (13)
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Scenar — zajac a korytnacka

Zivot bezny

vyvoj komplexny
rychlo a zbesilo
pomaly a neisto

Table 4. Statistics for the Tortoise and Hare hypothesis

Standard
Variable Mean deviation
N_r.:-!fmer.s',.'urm' 4.770 x 103 1593
Nr'nfmb:’.'ed 684 399.26 2
Nﬂer.’g;’iﬂg 75200.3 20
N{.’.?,vn'oye'd 43626.82 1
A%mWMfd 31573.52 20

Forgan, 2009

6000

5000

4000

= 3000

2000

1000

Biosphere which has been annihilated
Planet is lifeless

Planet has primitive life

Planet has intelligent life

Planet had intelligent life, but it destroyed
] itself

E 4 Planet has an advanced civilization

] 5 Planet has been colonized by an advanced

Wb = O =

_; Imhabir =3

m P T N S '
5 10

rea (kpC)

P R T
15

P L
20

25

30 \ civilization. (13)
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Sme sami?

Vesmir je jediny, nekonecny, nemenny... V priestore ... sa nachadza
nekonecne vela svetov rovnakych, ako ten nas... Hviezdy su iné sinka s
vlastnymi planétami, ktoré maju prirodu rovnaku ako Zem a ziju tam
zvierata a obyvatelia

-- O nekonec¢nom vesmire a svetoch, 1584 GIORDA=

De I infinito vniuerfo
et e M onds.

Al illustrifsime Signor di
Mauuifsiero,

{38

Giordano Bruno 5USrampam in Venetia,

(V. 69].
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Sme sami?

Ak su nehybné hviezdy stredmi podobnych sustav, budu vystavané podla
podobného navrhu a podriadené voli Boha.

-- Philosophize Naturalis Principia Mathematica, 1713
PHILOSOPHIA
N AT i R-ALE TS

PR EIENSAG - § R A
MATHEMATICA

AUCTORE
ISAACO NEWTONO,
EquiTE AUrRATO.

EpiTi0 SECUNDA AUCTIOR T ENENDATIOR.

Isaac Newton
(1643-1727) CANTABRIGIA MDCCXm
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Sme sami?

Vidime, ako mozno urcit ich tvary, vzdialenosti, velkosti a ich pohyby, ale
nikdy nebudeme vediet ni¢ o ich chemickom alebo mineralogickom
zlozeni, a este menej, Ci na ich povrchu Zije organizovany zivot. Vsetky
fyzikalne, chemické, fyziologické a socialne vyskumy su v pripade planét
nepodstatné. —
l! i c:-!w fé Mt._p
-- Pozitivna filozofia, 1853 .
~ POSITIVE PHILOSOPHY,

AUGUSTE COMTE.

HARRIET MARTINEAU.
il ’r"

IN TWO VOLUMES.

YOLUME I.

Auguste Comte i
(1798‘1857) d JOUK ﬂHH::l;m BTEAKD.

Y
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Sme sami?

Obyvatelia by Mars museli zavlazovat... Nepozname prirodnu tedriu,
ktora by vysvetlovala vyskyt tychto Ciar.

-- Mars, 1895

Percival L. Lowell
(1855-1916)
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Sme sami?

1896: Bezdrotova elektricka prenosova sustava by mohla byt pouzitad na
kontakt s Marsom

1899: Pri experimentoch sa mu zdalo, ze zachytil opakujuci sa signal

Nikola Tesla
(1856-1943)
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Sme sami?

Ludia popieraju pritomnost inteligentnych bytosti na planétach vesmiru
lebo: 1) Ak existuju, uz by Zem navstivili, 2) Ak také civilizacie existovali,
poskytli by nam naznaky svojej pritomnosti.

-- Planéty obyvaju zivé bytosti, 1933 R

= u R oy e
Apxue Axaaemun nayw CCCP
MocroBCHOE OTAEneHue

'“w__'ﬁ‘s.s ! !l N -
T e e

505

Konstantin E. Ciolkovskij
(1857-1935) % s ek os b

g : HonusecTso aoxymenton . o

Hunnsecteo nucros QM.
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Sme sami?

1934: USA sa pokusaju zachytit signaly z Marsu

wnd 724
S TAL CORPS, UNITED STATES ARN
WASHINGTON-ALASKA MILITARY CABLE AND TELEGRAPH SYS

TELEGRAM e

—— T .
: pe
RECEIVED ATt 1308 1sT AVENUE, SEATTLE, WASH. : /’i'}?gm{ ‘
18RD B 78 GOVT DUPE .,.__?_i -/ ‘.’5;,--/,-5 A
RD PUGETSOUND WN AUG 22 1924 = = som ?"'*Lz'?{l"'
GOVT COMDT 13 NAV DIST 138 i G g

SEATTLE wiN
TO21 ALNAV3TA EIGHT NAVY DESIRES COOPERATE ASTRONOMERS WHO BELJEVE
PGSSIBLE THAT MARS MAY ATTEMPT COMMUNICATION BY RADIO WAVES WITH
THIS PLAKET wHILE THEY ARE WEAR TOGETHER THIS END ALL sHORE RADIC
STATIONS WILL ESPECIALLY NOTE AND REPORT ANY ELECTRICAL PHENOMENON

UNUSUAL CHARACTER AND WILL COVER AS WIDE BAND FREQUENCIES AS PUSSIBLE
FROM 2400 AUGUST TWENTY FIRST TO 2400 AUGUST TWENTY FOURTH WITHOUT
INTERFERRING WITH TRAFFIC 1800
SECNAY WASHN DC
257P
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. Poct bvigd v Galiri: 100 milidnd |
Sme sami? |
2 Tl podolbmieh Stidus: S% |

S 2 toka mé g podobms planttu: 20%

, .
Kde vsetci su- Vol emwoz__ 1% *'

itd

-- Konverzécia pocas cesty na obed, 1950 A 4f inteligentng: 1%

Pacit cwiligieri: 100 Tric

(kostAlamos

®Santa Fé

Enrico Fermi
(1901-1954)

Drawing by Alan Dunn; © 1950, 1978
The New Yorker Magazine, Inc.




WOW signal

Big Ear Ohio State
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WOW signal

16.8.1977 Width of

R
1 : _\
N .

" 72-sedond window
- L
\ K
1
H
H ; :
E

-+ 1

997 * A
It. | ..I.. -
{ & ’D':: | 2
® @ = ' @
.-.'.‘ s i 1',"=E | j=H
t é . S - Y .y J".-IE'._., -'Il‘lJ""': JII' . w @
— ‘ _ . 11.42 ]
| » Paris, 2017
v : 266P/Christensen ’ “ "
f 4 . . Time in Seconds
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WOW signal ¢€.2

Allen Telescope Array, 2010

Large Pulse Observed
353 *
300
— 250
E, 200 -
150
e r
w0 A
o J i ts 8
4463 44563.5 4464 4464.5 4485
Frequency (MHz)

T X 1420,4 MHz
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WOW signal €.3

Parkes, 2001-2014 | el
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WOW signal ¢.4

Parkes, 1998-2015

23/01
03:50

23/01
03:40

23/01
03:30

23/01|
03:20

23/01
03:10

i M J Tiesd
1.5 2.0

Frequency [GHz] )

Man. Not. R Astron. Soc. 000, 000-000 (0000)  Printed 10 April 2015 [MN ISTEK style flle v2.2)

Identifying the source of perytons at the Parkes radio
telescope

E. Petraff'**, E. F. Keane'**, E. D. Barr'”®, J. E. Reynolds®, J. Sarkissian?,
P. G. Edwards?, J. Stevens?, C. Brem? A. Jameson!, S. Burke-Spolaor®, S. Johnston?,
N. D. R. Bhat®®, P. Chandra’. 8. Kudale’, S. Bhandari'*

Petroff a kol, 2016
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Nechcu komunikovat?

[E75)
aCen 43ly

INVISIBLE LASER RADIATION
AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATION

CARBON DIOXIDE LASER
100 W MAX OUTPUT at 10.6 pm
CLASS IV LASER PRODUCT
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Nechcu komunikovat?

[D1][E75
T GL 510 501y
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Nechcu komunikovat?

Centrum 26 Kly
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Radiovy hluk

1995

[D1][E75) €»
TZEM 20 ly
I «a

Centauri

.
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Radiovy hluk

1995
1975

[D1] [E75] €»
ZEM  40ly

AC Capella
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Radiovy hluk

1995 /
1975

[D1][E75 €»
TZEM 60 ly

A HN Pegasi
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Radiovy hluk

W y ‘
1995 /
1975

[D1][E75) €»
TZEM 80 ly

I KZ Andromedea
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Radiovy hluk

S
1995 /
1975

E75 €»
ZEM 100 ly

A Wolf 363




Radiovy hluk

1995

1975

ZEM 1201y

I Dubhe
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Radiovy hluk

Ak tomu dobre rozumiem, Ziadajd okamZitd Iemﬁ‘."’ anom. Zﬂhytfh J u vo

dpoved’. Problém je, 2 1 lali . sy # m
PPN red 3 milinmi rakow, Velkej Britdnii. Nerozumeli jej.
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Sprava z Areciba
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Kontaktovat?
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Kontaktovat?

8,0 mid.

DNES

DNES

5,7 mid. 3,46 mid. 4,54 mid.



V

0,74
0,72
0,70
0,68
0,66
0,64
0,62
0,60

0,58

0,56 -
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Kardasovova skala

Kaku — nie energia, ale ekonomika

Nikolaj S. Kardasov

(1932-2019)

Kardasov, 1964

Carl Sagan

Sagan, 1973 (1934-1996)

Typ | dosiahne ludstvo

za 100-200 rokov pri 3%
raste. A okrem toho, nie

energia, ale ekonomika

je dolezita...

Michio Kaku

_— (1947-)
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Prehliadka okolia
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Prehliadka okolia

Velkost Rozmer lokalnej

— Nasej Galaxie skupiny galaxii

oo

é Civilizacia

= Typu ll

9 PORIADNE

Y PREHLADANE

-

2

| -

m©

SN
Civilizacia
Typull

Sprava z Areciba

ZATIAL NEPREHLADANE

BeZné radiové
vysielanie

Efektivny izotropny

1 2 3 4 5 6 7 8 9
Vzdialenost od Zeme [log ly]

0 10 20 30 40 50 &0 7080 90 99 100
% prehladanych hviezdnych sustav




Yuri Milner

1961-

RADIO FREQUENCY (RF) BEAM

RF BEAM WAVEFORM

OPTICAL BEAM WAVEFORM

7

ET

INSTITUTE




V —-23/32

Von Neumannove stroje

= autondmne roboty
schopné samoreplikacie a
kolonizacie

John von Neumann
(1903-1957)

*Bracewellove stroje — samoreplikujuce sa
sondy s posolstvom

STEF 1: 500 Yeprs STEP 4: 2, (e Yeamrs
HOME PLANET N N
X
STEP 7: 3,500 Years STEF 10: 5,000 Years
"'H.hl_

HOME PLAMET

Colonization Timeline (milliens of years)
L] 1 . ¥ %75

m ! I

Cosmic Timeline (millions of years)
{l 25060 &0 75040 § 0 CHHE 2500

|—c-L|:||EET STAR Fﬂﬁﬂllm—l TODAY

OF EARTH
INTHE GALRXY OLDEST KNOWN  EVOLUTION OF

FOSSILS HUMANS
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Kde teda su?

Preco nevidime dokazy civilizacii typu Il a llI?

1) Lebo také nie su

2)Su, ale z roznych dévodov to taja
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Velky filter

Spolocné dosiahnuté
evolucné myl'niky

Jeden druh prekona
// Velky filter

Druhovy vyvoj

Pomatok . ape s
Zivota Evolucny skok, ktory takmer Civilizacia

Ziadny druh neprekona, typu III
t.J. VELKY FILTER
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Zivot je vzacny

Vel'ky filter - MY
(za nami)

)

a d'alsi druh

T Druhovy vyvoj / \/ T
Pociatok Nezname evolu¢né myl'niky Civilizacia
Zivota (jednoduché alebo t'azké) typu III
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Sme prvi

UZ sme prehl'adali zopdr tychto dlaz-
dic a hl'adali sme rézne pachové stopy.
Ak by tu existoval inteligentny
zivot, uz by sme o riom vedeli.

P

Prva uvedomela mravcia kolénia odvolala
hl'adanie mimomraveniskovej inteligencie.

Druhovy vyvoj

Pomatok CIVIllzaCIa
Zivota typu III
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Sme nahrati?

't Druhovy vyvoj —————————> 7 T

Pgi’:iatok Vel'ky filter Civilizacia
Zivota (pred nami) typu III
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Maju na to svoje dovody?

o Boli tu v minulosti
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Maju na to svoje dovody?

o Boli tu v minulosti

o Galaxia je osidlena, ale my zijeme v pustej Casti
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Maju na to svoje dovody?

o Boli tu v minulosti

o Galaxia je osidlena, ale my zijeme v pustej Casti

« Prekonali fyzické obmedzenia (singularita)
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Maju na to svoje dovody?

o Boli tu v minulosti
o Galaxia je osidlena, ale my zijeme v pustej Casti
« Prekonali fyzické obmedzenia (singularita)

o SU opatrni / utiahnuti
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Maju na to svoje dovody?

o Boli tu v minulosti

o Galaxia je osidlena, ale my zijeme v pustej Casti
o Prekonali fyzické obmedzenia (singularita)

o SU opatrni / utiahnuti

o Existuje superpredator, ktory nici konkurenciu

“;‘ i f 7 e = } JR—
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Maju na to svoje dovody?

« Nasa technolégia je primitivna / sme tu kratko
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Maju na to svoje dovody?

« Nasa technoldgia je primitivna / sme tu kratko

o SU medzi nami (konsSpiracna teodria)
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Maju na to svoje dovody?

« Nasa technolégia je primitivna / sme tu kratko

o SU medzi nami (konsSpiracna tedria)

e SMmevzoo

Minuly mesiac vsetci vyrezdvali hlavu zo zeleniny
a teraz odzadu vypchdvaju peceného vtdka.
Je to cudnd planéta!
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Maju na to svoje dovody?

« Nasa technoldgia je primitivna / sme tu kratko
o SU medzi nami (konsSpiracna teodria)

e SMmevzoo

o Mozno sa uplne mylime o vesmire (,, matrix®)
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Pre kazdy pripad...

o 1958 — Vznikla komisia na mierové vyuzivanie vesmiru
e 1992 — Transformovala sa na UNOOSA

M@\b UNITED NATIONS
S 4 Office for Outer Space Affairs

o Vyuzitie vesmiru a pravne zalezitosti
o Sledovanie vypustenych vesmirnych telies

o Potencidlne zalezitosti s mimozemstanmi
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Viac podrobnosti

3 skupiny rieseni:
e« Mimozemstania tu su alebo boli

o existuju, ale eSte sa nam neozvali
e neexistuju
Uceleny pohlad na tento paradox

Tradicné ale aj Sokujuce teodrie \?VTEEgEl EN Ferm
Je len na Vas, ktoru si vyberiete s

o Kctoe_tecx
vsSichni jsou:




Sucasné poznatky o moznostiach

Zivota vo vesmire

Existuju dve moznosti: bud sme
vo Vesmire sami, alebo nie sme.
Obidve su rovnako desivé.

-- Arthur C. Clarke

1.12.2022 Space::Talk




