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VANCIRKUMSTELARNASTANJIVEONE?

A 'CNZ: srazmerno mali deo prostor aé
A CNZ zavisi od pretpostavki:
A Planete kao habitati
A Givot biohemijski slilan zemal | sk
A Sunce kao glavni izvor energije
A Zanemarljiva

A Odstupanje od ovih pretposiwaleki vod
kontroverzno!

A Ne zaboraviti: abiogeneza moge biti
posledice!




MOTIVACIJA?

A Zapremina prostora!
ANaj v el e.,Okjednastavnih @ganskih jedinjenja.
A Ol akganivirgaen sspuodratr a .

AOsl|l obalanj e oidprelanka radikploije e n t
drugal i jim oblicima ¢givot a.

AHabitati u ekstrasolarnim j
CNZ 111 sa migracijama Avr L




HABITATI VAN CNZ?

A

A

T

Gasni/ledeni dHinovi ?
A Jupiter, Saturn

Sateliti gasni h/ |l edeni h
A Evropa

A Ganimed

A Titan

A Enkeladus

Mala tela: planete patuljci/asteroidi/komete?

dHi

nNova?
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] ] The eddy diffusion coefficient is estimated as a function of altitude, separately for the Jovian

Spore ko nve kt|Vne Str‘UJe troposphere and mesosphere. The growth-rate and motion of particles is estimated for various
substances: the water clouds are probably nucleated by NH,Cl, and sodium compounds are likely

101 11 to be absent at and above the levels of the water clouds. Complex organic molecules produced by
gornj OJ trOpOSfe” | MEZOS the Le photolysis of methane may possibly be the absorbers in the lower mesosphere which

J u itera account for the low reflectivity of Juplter in the near-ultraviolet. The optical frequency chromo-
p . phores are localized at or just below the Jovian tropopause. Candidate chromophore molecules
must satisfy the condition that they are produced sufficiently rapidly that convective pyrolysis

maintains the observed ;hrumuphnre optical depth. Ormam-. molecules and polymeric sulfur

Velika razlika u temperat produced through H.S photolysis at A > 2300 A probably fail this test, even if a slow, deep
. . . circulation pattern, driven by latent heat, is present. The condition may be satisfied if comp]et
a|| m a|| g rad |J ent: Og roma organic chromophores are produced with high quantum yield by NH; photolysis at A < 2300 A
However, Jovian photoautotrophs in the upper troposphere satisfy this condition well, even with

i I fast circulation, assuming only biochemical properties of comparable terrestrial organisms. Unless

prOStor Za pOtenCIJaInl buoyancy can be achieved, a hypothetical organism drifts downward and is pyrolyzed. An

e k 0S | S t em é organism in the form of a thin, gas-filled balloon can grow fast enough to replicate if (i) it can
survive at the low mesospheric temperatures, or if (i) photosynthesis occurs in the troposphere.
If hypothetical organisms are capable of slow, powered locomotion and coalescence, they can

grow large cnnu.c_rh to achieve buoyancy. FLU]DE]L:!.I niches for sinkers, floaters, and huaters
appear to exist in the Jovian atmosphere.

Subject headings: planets: atmospheres — planets: Jupiter



Asi nker s, T Romopeksnir
potencijalni ekosistem.

Sjajni primeri opisani u SF diskursu:
Kl ark, ASastanak
Banks, AThe Al geb

Vel ina astrobi ol
prevashodno zbog nestabilnosti srec

Tegko utvrditi b e
mest an.

AKO bi jovijanski ¥+
on zasigurno najrasprostranjenijioblc:
givota u univer zuimu: '




Selected Moons of the Solar System, with Earth for Scale

Earth Mars A”i‘d?'d Jupiter Satum Uranus Neptune Pluto Eris
Photos Dactyl @ .
” Dysnomin
Charona
Deimos

Scxle: | pieed = 25 km

Earth
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Callisto

Ganymede




RAZNOLIKI SVETOVI...
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KLJULNI FAKTOR:

Laplasova rezonanca 1:2:4
Nema trostrukih konjukcija!

Rezonance odr gava
ekscentrilnost,
plimne sile i rasipanje energije.

John Lewi (1971): plimne sile rasipaj
mehani | ku ener gij

Pionir 10, 11 (1970 ) , Voj a
(198&e), Galileo (1990e ) p ot
detalje kretanja.

Poreklo rezonance nepoznato...

REZONA

GANYMEDE 4:1

EUROPA 2:1EH}
1O 1:1

JUPITER



Plimno zagrevanje:
naj vagni j i
izvor energije za
geol ogku a

Raspad radionuklida
(samo kod
satelita, Ganimeda &
Titana)?

Torziono trenje (kod
satelita sa ledenim
omotal em)?

Volumetrijska
elektroliza?

A moon experiences variable amounts of tides because of its
elliptical orbit. The closer the moon is to the planet, the larger
is tidal bulge. The changing amount of the tides produces
frictional heating inside the moon.

The arrows indicate the strength of gravity from the planet

on the near and far sides of the moon. Tides are due to
differences in the strength of gravity acting on an object.

The small red circle shows how the tidal bulge shifts with

a particular location on the moon.




DIGRESIJA #1: JEZERO VOSTOK

Mada se odavno sumnijalo...

Preko 200 subglacijalnih jezera na
Antarktiku.

Vostok je po povr
Gor e, a po zapre
jezero na svetu.

Bugenje usporeno
kontaminacije.

Zadrgano na 200m
godina...

Aprila 2012. probuge
da bi se napravilo ledeno jezgro za
analizu tokom 2013.




LAKE VOSTOK

s o ;' ‘“0 Ice flow Cored 3623 m
MOCK S s
‘C&'Dullu;.

- S aNEx m“"
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r.-.u-uu‘i : Hydrates

M‘”‘ T . i & s )
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DIGRESIJA #2: KRIOVULKANI

A . ledeni vulkani/gejziri koji izbacuju lake isparljive
supstance (Avolatil ef)
A o megavina i s,0algICH)ipedi h

visokim pritiskom

A Direktno detektovani kriovulkanizam:
A Triton (1989)
A Enkeladus (2005)

. "z@:f

A Indirektna evidencija:
A Evropa

Ganimed

Titan

Miranda

Haron

o Io Do I» Do

Quaoar (1)




NAJVELI OKEAN U SUNLEYV

A

> T

p SIS

Naj manji melu Aveli
1561 km).

Sinhrona rotacija sa T = 3.55 dana.

(dileme oko sinhrone rotacije i lutanja
polova)

Laplasova rezonanca
ekscentrilklojsa| ma 2D
odrganje telne vode

Taaaanugna~®¥Pharo sf er
Ogroman albedo (0#87.03) ukazivao

na | ed jog sa Zeml|
: .ali tek su Voj ad
demonstriral. kol I k
Evrope!













Metallic Core Ice Covering

Rocky Interior Liquid Oean Under Ice
H>O Layer



VELIKI OKEANSKI HABITAT?

Izvori energije: pri vrhu i na dnu okeaF >

Dva kIl | shémyska paranzetra: i ,
magnetosphere el

A Debljina ledene kore? L\vﬂ;ﬂ P

A pH vrednost? D e oxidants fuels

radiation danger ..‘
(10 centimeters) 4 clinging
life forms

AOptimistinda i Ape

Termosinteza (keodWachternausera), ot (atiers deer)

hemosinteza /

. . o photosynthetic
Konvekcione | el i]j -
. . ﬂoatlng.,/
Organizmi sposobn fistma
slojevima imali bi dodatne prednosti.
- : : S Luo
Numer i | ki model i , (afew kilometers down)

produktivnhost deluje dovoljna za jastc




DVE NOVIJE ZANIMLJIVOSTI...

A Hemijski sastav tamnih oblasti? (Dalton et dls2D0B5)l nost ref |l ekt o
bakterijskimt al ogom povr gi ni ekstremno sl ani

A Jezera (slatke vode!) unutar ledene kore? (novembar 2011.)




p SIS

p SIS

NAJVELI SATELI T U SUNL

Sa R = 2634km, veli od planete Merkur!
Jedini satelit koji poseduje nezanemarljivo e

magnetsko polje. .- "

Y ima gvozdeno jezgro iy '
Yveli ki deo spoljnog omotaw.'-}’v.’m".,iti
leda, da bi imao srednju gustnu od 1.936 % N e
Dvedrastl no razlilite vrste p azu

na skoragnje Apopl ol avanj e
novim ledom. ‘

Yznal aj ni rezervoar tel ne
unutragnj os t~l0O0Okmver ovat no
debele ledene kore.

Sl abagna ki seg®@)Kaka at mosfera (O
na Evropi
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KALI STO: NAJDREVNI JA P
SUNLEVOM SI STEMU

A Praktilno jedino veliko |vrsto telo ko
nije bitno promenilo od epohe poznog
tegkog bombardovanj a.

A Ogromne udarne strukture: Valhala i
Asgaard (cca. 600km)...

A Takole tanugna kiseonil|l ka at mosfera.

A Porelenje sa Kaloris basenom na Merkur
ukazuje na postojanje okeana duboko u
unutragnjosti, verovatno na vige stot.i
kilometara dubine.




