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ConHeYyHana cucrteMa: cogepiKaHmne

Jlekumsa 1(2 yaca): OCHOBHbIE€ XapPaKTEPUCTUKMU MJ1IAHET
Co/1HEYHOM CUCTEMDI.

Jlekumsa 2 (2 yaca): Manbie Tena CosiIHe4HOM CUCTEMDI.
CnyTHUKM M KONbLa NJ1aHeT.

Jlekuma 3 (2 vaca): Kometbl. Pu3nyeckoe COCTOSSHUE
MeXMnJIaHeTHOM cpeabl. MeTeopHoOe BeLlecTBO.

JNlekumsa 4 (2 yaca): AtTMocdepbl N1aHeT U MabiX
HebecHbIX Ten.

JNlekuma 5 (2 yaca): 9Kk30nnaHeThbl.

Jlekuuna 6 (2 vaca): Atmocdepbl 3K30MnJ1aHET. 30Ha
obutaemocrmn.




ConHeyHas cucrteMa - neKkuyusa 2:

OCHOBHbIE XapaKTEepUCTUKUN CNYTHUKOB:

-Manbie Tena — acrepovabl, KOMETbl U CNYTHUKU NJIaHET
-Pa3Mep un Macca, NJIOTHOCTb

-KaMeHucCTble Tena

-JleasiHble Tena

-Mupbl C OKeaHaMM
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CoaHeyHas cucremMa: rpaHuIbI
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CocTouT N3 BOCbMMU NJ1aHEeT — 4 BHELWHUX ra3oBbIX

rMraHToB, 4 BHYTPEHHUX KaMEHUCTDbIX MNJiaHET.



CogHedHAdI CHCTEMA: u ee 30Ha 00MTAEMOCTH

CocTonT M3 BOCbMMU NMJ1aHeT — 4 BHELUHUX ra30BbiX
rMraHToB, 4 BHYTPEHHUX KAMEHMUCTbIX MNJ1aHeT. 30Ha
obutaeMmocTu BbiaesnieHa rosnyboiM LUBETOM.




ITaanernl B Co1HEUHOM cHUCTEMe

Mepkypum —
BepiColombo,

MPO;

BeHepa — VEX;
Mapc — MEX, MRO,
MAVEN, 3k30Mapc;
Cucrema FOnutepa —

JUNO,

JUICE, Clipper,...;
Cucrema CaTtypHa —
CASSINI;
NnyToH-XapoH u
06DbeKTbl nosica
Kounepa —

New Horizons;
KomMeTbl - Rosetta




JIyHbl B COJTHEeYHOU cUCTEMeE
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MaJjbie Teaa B CoJJHEeYHOT CUCTEeMe:
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http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2014/08/Comet-shapes-comets.jpg
http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2014/08/Asteroid-shapes-craters.jpg
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XapakTepuctukm aapa kometbl 67P/C-G: o garnHbiM KA
Rosetta

CBoaka CBOMCTB 3 COMET 67P/CHURYUMOV~-GERASIMENKO'S VITAL STATISTICS
siApa KOMETbl

67P/C-G no AaHHbIM

MHCTPYMeHTOB KA 214 km® ey
Rosetta 3a nepBble 10 x 10 kg SR e

ass Spin axis:
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Comet 67P/Churyumov-Gerasimenko from Rosetta - 31 August 2014
Di Lorenzo



http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2015/01/67P-vitals_edited-1.jpg
http://d1jqu7g1y74ds1.cloudfront.net/wp-content/uploads/2014/09/Rosetta-083114-N4C_Ken-Kremer1.jpg

OobJs1acTi 00pazoBaHuA KOMeET

Oort Cloud

Pe3epByapbl KOMETHBIX sifiep — nepu@epuiiHbie 00J1aCTH:
ooako Oopra (> 50 000 a.e.), mosic Koiinmepa (30 — 50 a.e.).
Komerta 1P (I'asuiest) npuObL1a BeposiTHO U3 o0s1aka Qopra, a
xoMmeTta 67P (UypromoBa-I'epacumenko) — u3 nosica Koiinepa.




MaJapble HeOecHBIE TeJ1a B CoJIHeYHOH cucTeMe

Diameter, kilometers

Solar System Inventory (excluding comets): Roundness-Based Planet Definition
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Mupsl ¢ OKeaHaAMHU

Bo BHemrHuX 001acTsaX COJTHEYHOM CUCTEMbI COEPKUTCH MOTPscaolee
pasHooOpa3ue HeOeCHbIX Tes: EBpomna, ¢ ee npuYyIlJIMBbIMHA
0COOECHHOCTSAMHU MMOBEPXHOCTH; KPOIEYHbIN, I¢0JIOrH4eCKH AKTUBHbIN
JHueaan; TUTaH, eIMHCTBEHHbINA CIIYyTHUK, 00J1a1aI0IIUA 3HAYUTEIHbHOU
arMocgepoii; IIIyTOH € ero a30THLIMM JICAHUKAMU; U MHOTHE Apyrue. 3a
MocJeHue ABAANATH MATH JIeT U3MePEeHUsI KOCMUYECKUX anmnaparos
MOKA3aJIM, YTO MHOTHE U3 ITHUX HEOCCHBIX TeJ SABJISIOTCA “MHUPAMMU C
oKeaHaMu’, 00J1agas 00JbLIIMMH 00beMaMH KUAKON BOAbI,
U30JIMPOBAHHOM MO JIEASHBIMHU 000J109KAMHU. JTA HOBAS I'PYIIA
HeO0eCHBIX TeJI - MUPbI ¢ OKeaHAMH, SIBJISIETCH BAYKHOU JJIsl HCCJIeI0BAHMUMI
10 HECKOJIbLKUM NMPUYUHAM, HO HauOoJIee yOequTeJIbHOM U B TOKe BpeMs
TaKKe CAMOM NMPOCTON ABIACTCH CJACAYIOIAA NPUYUHA: OHU MOTYT ObITH
oO0uTaembl. ZKU3Hb, KaK MbI €€ 3HaeM, TpedyeT KUJIKOU BOAbI, B
JTOMOJTHEHUE K JHEPIrUMM M MUTATEeJbHbIM BellleCTBAM, U BCe TPH
TPeOOBAHUA MOI'YT ObITH YIOBJIETBOPEHbI B PAMKAX HEKOTOPBIX M3 3THX
He0eCHBIX TeJl.



Mupsnl ¢ okeaHaAMHU

Jupiter satellites:

> S
Ganymeds Callisto
ol Neptune
Saturn satellites: satellites:
) Tethys .
Mimas - £
® » ‘ ' ' Proteus
Enceladus ) J

Dione Rhea

Uranus satellites:
Ariel Titania

lapetus Triton

» -

Miranda

i T Pluto
Itan
@ system:

Umbriel Oberon

MoHTax JEAAHBIX MUPOB. Z[JIH CIIYTHUKOB, OTMCYCHHDBIX FOJIyﬁbIM IBETOM,

UMETC reopunyecKue u3MepeHus, yKa3blBawIllue HA MPUCYTCTBHE OKEaHA MO/
JICASTHOU MOBEPXHOCTHIO.
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MupsbI ¢ OKeaHAMH

Table 1

Categorization of “ocean world” solar system bodies other than the Earth, in terms of

whether the ocean exists today and how many lines of evidence are present.
Name Relic Extant 2 Extant 1 Theory
Mars v
Ceres v
Europa v
Ganymede v
Callisto v
Mimas v
Enceladus v
Dione v
Titan v
Triton v
Pluto v
Charon (V)

HOKa HET Notes: Relic means ocean was present in the past and has left evidence; extant (2,1)

O(l)l/ll[l/la JILHOTI'O Haﬁopa means exists based on (two, one) line(s) of evidence; theory means inferred primarily
. [rom theoretical studies. The possibility of an ocean within Charon is at present highly
00beKTOB B COTHEYHON  pecative.

CHCTEMe, KOTOpPbIe CUMTAITCS “MupamMu ¢ okeanom”. B Tadmume 1 (Lunine, 2017)
MepeYncieHbl 00bEeKThl, MHOTHE U3 KOTOPbIX B HACTOSAIIIUA MOMEHT BKJIIOYECHbI B
JAHHYI0 KAaTeropuio: “pequkToBbie OKeanbl” (Mapc, Llepepa), cnyTHUKH
IOnurtepa (Espona, N'anumen, Kaanucro), aynsl Carypaa (Mumac, JHuesnan,
JAnona, Turan), u 00bexThI MOsica Koitnepa (Tpuron, Ilnyron, Xapon).



Mupsl ¢ okeaHaMU
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dazoBy1o quarpammy yucroro gbaa H20 ¢ pasubiMu dazamu, 0TMedeHHBIMH
puMmckuMu mudppamu. IlyHKTHPHBIC TMHUM NPEACTABIAIOT KPUBbIE IJIABJICHUS
abaa H20 ¢ nodoaBkamu 5% uim 15% amvmuaka. ToHkuHe CIUIOIIHBIE KPACHBIE
CHUHUE NYHKTUPHBbIC JIMHUU NMOKA3BIBAT MMOTETUYECKHUE TCILIOBbIEC NPOQ I,
WLIIOCTPUPYIOIIHE, KAK KUAKHUA CJI0H MOKET 00Pa30BbIBATLCH MEXKAY CIAOSIMHU C
HU3KHUM U BBICOKHMM JaBJieHHeM TBepabIX (a3. Ha BcTaBke moka3ana o0mas
CTPYKTYpa 00JIbIIONO JIEASTHOI0 CIIYTHUKA, TAKOI0 Kak ['anumern.



Mupsl ¢ OKeaHaAMHU

JIynbl ¢ okeanamu - EBpona u JHuenaa. M300pakeHus moJay4eHbl
KocMHUYecKMMHU annaparamu Iaauiaeo u Kaccunu.



Boaa, Boaa, Be3ge soaa

ENCELADUS

Scientists predict that a regional reservoir
about 6 miles (10 km) deep lies under a shell
of ice 19 to 25 miles (30 to 40 km) thick at
Enceladus’ south pole. This underground
ocean is thought to feed the mdon's impressive
jets, which spray from deep fissures (called

“tiger stripes”) in the moon's surfacs,

¢

SIZE COMPARISON

9.5 AU

DISTANCE FROM SUN

ACTIVE

Dynamic ocean,
could support life

ODCEAN WORLD STATUS



Mupsbl ¢ OKkeaHaAMM : JHIIEJIA/]

ERcelauus

CaeBa: armocdepa Duuenana. Cnpasa: Henapuue caumkn KA Cassini cmyTHuka
CarypHa JHue/1a]l, HA KOTOPbIX BUIAHBI NOACBeYeHHbIe ¢3aa1 CoJIHIIeM BBIOPOCHI
(muteiidnl) rasa u JeasiHbIX M NbLIEBbIX YACTHI, HCTOYHUKAMM KOTOPbIX
SIBJISIIOTCS rei3epbl HA I05KHOM IOJIKOCE CITy THUKA.


https://saturn.jpl.nasa.gov/resources/2438
http://photojournal.jpl.nasa.gov/catalog/PIA07759

Mupsbl ¢ OkeaHaAMM: JHIIEJIA/]

Ouaru Temia pacrpenejeHbl B0Jb OAHOU
U3 3araJloYHbIX TPEIUH B I0KHOM
MOJIAPHOM o0sacTu cnyTHUKA CarypHa
Ouneaan. lanansie KA Cassini.



https://saturn.jpl.nasa.gov/resources/7390

Mupsbl ¢ OkeaHaAMM: JHIIEJIA/]

Global Ocean on o g :
Saturn’s Moon RN A Ice crust
ENCELADUS 7 = o

Global ocean

_- Rocky core

South polar region
with active jets

* Thickness of layers is not to scale

[7100a/IbHBIA OKEAH HAXOAUTCH MO/ JIEATHON KOPKOH re0JIOrM4eCKu AKTUBHOIO
cnyTHuka CarypHa JHuesan mo nanubiM Mmuccuu HACA Kaccunu. UccnenoBanus
MOKA3aJIu, 4TO (popMa M pa3Mep CNYTHUKA HMCIBbITHIBAIOT 0Y€Hb HE3HAYUTEIbHbIEC
KOJIeOaAHUS BI0JIb ero opouTsl BOKPYr CarypHa. ITH KoJie0aHUS MOT'YT ObITH
YUYTEHBI JIMIIb B CJIy4ae, eCJIM ero BHEIIHSAS JeIAHAs 000/109KA MOJHOCTHI0 He
3aMep3J1a, TO €CTh BHYTPHU CIIYTHHMKA JI0JI’)KeH MPUCYTCTBOBATH IVI00AJIbHbBIN
OKEeaH.

. o NN L e BN


https://saturn.jpl.nasa.gov/resources/6243

Mupsl ¢ oOKeaHaAMHU: JHIIEJIA/]

KA Cassini 0TKpbLI
MPUCYTCTBHE MOJIEKY.JI
BOJ0OPOAA B LIl (e raza u
JIeASTHBIX YaCTHII,
BbIOpachIBaeMbIX reizepamMu
HA I0’KHOM IMOJII0Ce JHIIeJIa1a,
BO BpeMsi CBO€Ero MocJaeaHero u
CaMoro riIy0oKoro mpoJiera
yepes uutend 28 okrsaops 2015
. KA Cassini Tak:xe y1ajochb
onpeaeJuTh COCTaB IIenda
BO BpeMs MPoJIeTa B HAYaJ1e
muccuu. U3 »Tux HaoaoaeHuu
omnpeeeHo, 4ro moutu 98 %
ra3a B uuiende — MoJIeKy.Jibl
BO/JbI, 0k0J10 1% - 310 BOOpOX,
a 0CTAJIbHbIE - CMECh IPYruX
MOJIEKYJI, B TOM YHCJIe

COIlep)Ka[uI/IX yrﬂepon. ("WHITE SMOKERS”)
ENCELADUS

OCEAN
~65 km

. ) ~
- ‘ - Hydlo‘he(m‘b
Sircutation



http://www.jpl.nasa.gov/spaceimages/details.php?id=PIA21442

Boaa, Boaa, Be3ge soaa

MOON OF JUPITER

EUROPA

5.2 AU Scientists strongly suspect that a subsurface
DISTANGE FROM BUN salty ocean lies beneath Europa's icy crust.
Tidal heating from its parent planet, Jupiter,

ACTIVE maintains this ocean's liquid state and could

Dynamic ocean, a.lso create partially melted pockets, or lakes,

oould support fe throughout the moon's outer shell.
OCEAN WORLD STATUS

SIZE COMPARISON

MOON OF JUPITER

GANYMEDE -

SI1EE COMPARISON

5.2 AU

DISTANCE FAOM SUN

Ganymede is the largest moon in our solar
system, and the only moon with its own
magnstic field. Recent studies indicate a

large, underground saltwater ocean is present LOCKED
at the Jovian moon. Ganymede could in fact e e oo
have several layers of ice and water unlikely to support life

sandvm':hed beatween its crust and core. NG ORI D aTATUs




Mupsl ¢ okeanamu: EBpora

Figure 3-2: Possible locations of liquid layers in
the icy moons of Jupiter are shown here as a
function of depth:1) completely frozen; 2) three-
layered structures Iimpeding any contact
between the liquid layer and the silicate floor; 3)
thick upper icy layer (>10 km) and a deep
ocean; 4) very thin upper icy layer (3-4 km).
Cases 3 and 4 are the most probable for

Europa. Case 2 is expected for Ganymede and
Callisto.

JUICE, ESA/SRE(2011)18,
Ganymede? Europa? 2011




Mupsl ¢ okeanamu: KBpomna

Oct 1999 Nov 2012 Dec 2012 o Water plumeS at SOUth pOle
e (Roth et al., 2013).

™ 5 Target object for NASA

.. Clipper and ESA JUICE
missions.

01 130.4 nm HI 121.6 nm

Ol] 135.6 nm



Mupsnl ¢ okeanamu: EBpona

I1oa MOBEpPXHOCTHIO
EBponbl, cnyTHHKA
IOnuTepa, HaxoaUTCH
COJICHBbIN OKEaH,
XUMHUYECKUH COCTAB

KOTOPOI'0 CXOJ€H ¢

OKeaHaMH 3eMJIH. “r\l REaA A % ,:;;3 T e
ACTPOHOMBI ITOJIYYH/IH HOBOE MOITBEP:KICHHC 31010 PaKTa.
Ha ocHoBe JaHHBIX, OJY4YeHHbIX U3 o0cepBaTropuun Keka (I'aBaiu, CIIIA),
acTpoHoMbl Maiik bpayn u KeBuH X3H1, MOJYYHUJIH CAMBbI€ BECKHE K HACTOSIIIEMY
MOMEHTY NOATBEPKIACHUSA, YTO MO 3aMepP31Ieil IOBEPXHOCTHIO CIIYTHUKA
IOnurtepa, EBponbl, HAXOAUTCH )KUAKUNA OKEaH, BOAA KOTOPOI0, HACHIICHHAA
MUHEPAJbHBIMHU COJSAMHU, POCAYUBACTCH HA €r0 MOBEPXHOCTD.
CnexkrTpockonunyeckue Ha0waeHuss EBponbI MO3BOJAIOT YTBEPKAATh, YTO MEXKIAY
IMOBEPXHOCTHIO CIYTHUKA U OKEAHOM IMPOMCXOAUT XUMUYECKHUH 00MEH,
NOBBIIAINUNA KOHUECHTPAIMI0O MUHEPAJIBHBIX COJICH B MOCJICIHEM.

o _..:-”fﬂ(. o ¢ p




Mupsnl ¢ okeanamu: EBpona

MN3o00pakenne, mojyyeHHoe Tejaeckonom HST.
Kak u DHuenan, EBpona, 0marogaps rak
Ha3bIBA€MOMY NPUJIMBHOMY 3aXBaTy, BCeraa
IOBEPHYTA K CBOCH IJIaHETE OJHOU CTOPOHOM.
Kak 1 Ha DHuenane, (poHTaHbI OBIOT HA OKHOM
noJiroce EBponbl 1 B TOT MOMEHT, KOIJIa CIIy THUK
MAaKCHUMAJIBLHO yaaJjsieTcs oT mianerbl. U Tam u Tam
CTPYH He ObLIM 3aMe4YeHbI B JIKDOOU APYroil MOMEHT BpeMeHH. OTHAKO0 MexK Ty
rezepaMmu Ha JHueaaae U GpoHTaHAMHU Tapa HA EBpone ecTh U CylieCTBEHHbIE
oriinuusi. Eciiv Ha JHuesaae B COCTaB CTPYH BXOAAT YACTHYKHU JIbAA U NMbLIH, TO
u3 EBponbl BHIPHIBACTCH UCKJIKYUTEIbHO BOAsIHOM nap. [loka yyeHbie He MOTYT
OIpeaeIeHHO CKAa3aTh, ABJISIOTCH JIM HCTOYHUKOM €BPOIEHCKUX rei3epoB
IyOOKHeE MOJJIeHbIC OKEeAHbI MJIU K€ MAP BO3HUKAET B IPUIIOBEPXHOCTHBIX
CJIOAX, I7Ie U3-32 MPUJIMBOB B HEKOTOPBIX MeCTAaX MJIABUTCH JIeJ.

[ =B T e s A R T T IR P e T



Mupsnl ¢ okeanamu: EBpona

Suspected plumes seen in silhouette on Europa

Plumes

Namwocrpauus Tpan3uta EBponbl. Opoura EBponsl Bokpyr FOnurepa 3anumaer
3 ¢ MOJIOBMHOM JTHSI, M HA KAKIA0H opOUTe OHA mpoxoauT nepex FOnurepom,
MOBBHIIASI BEPOATHOCTH 00OHAPYKEHUA 1LJIeH(POB MapoOB BOAbI KAK CHJIYITOB
norsiomenusi pornosoro ceera FOnmurepa. Credits: A. Field (STScl).

i s R e


http://www.universetoday.com/wp-content/uploads/2016/09/europa05-illusta-orbit-3000x2400-160919-e1474919231943.jpg

Mupsnl ¢ okeanamu: EBpona

ITH KOMIIO3UTHbIe CHUMKH HST moka3pIBaloT, 4T0 0:KuAaeMblii niei¢ mapon
BO/bI U3BEPraercs B NIPOMEKYTKeE B JBa rojaa U3 TOro ke MecTa Ha JieATHOM
cnytHuke FOnurepa EBpona. Image Credit: NASA/ESA/W. Sparks (STScl)/USGS

Astrogeology Science Center.

i s R e



Mupsnl ¢ okeanamu: EBpona

CJaeBa, 0BajI0OM OTMEUYEH UCTOYHUK MPOUCXO0KIACHUS /14 HJIel(oB NapoB BOAbI,
OTKPLITHIX B HaOmonenusix HST B 2014 u 2016 rony; Cnpasa, TenjaoBasi Kapra
3TOM 001acTu mo naHHbIM Muccud HACA Taaunneo. Image Credit: NASA/ESA/W.
Sparks (STScl)/USGS Astrogeology Science Center.



WHY EUROPA ?

Attractive moon to study the

TO BE REMEMBERED

habitability in the solar system New investigations as compared to Galileo

- Possesses a «salty» ocean in contact One flyby is already enough - Second provides
with the rocky mantle a back-up 7o -y

« May be an active world One year of remote observations in addition to

the 2 flybys

 JUICE will tell us:

» |If the liquid composition is comparable to
our oceans

» How thick is the crust in chaos regions

« If liquid reservoirs exist

 If the moon is still active

JUICE OBJECTIVES

Determine the composition of the non-ice material, especially as related to habitability

Look for liquid water under the most active sites
Study the recently active processes




Mupsnl ¢ okeanamu: EBpona

Unique speciroscopy with JWST
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Bo3MoskHbIE pe3yJbTarThbl CIEKTPOCKONMHU OJJHOI0 U3 1LIei(oB MapoB BOAbI €
F0?KHOT0 MoJII0ca EBponbl. ITO npuMep 0:KHAaeMbIX JAHHBIX KOCMHAYECKOI0
TeJieckona uMm. Be066a B Ouimskaue rojabl.



https://www.universetoday.com/wp-content/uploads/2017/08/nasaswebbtel.png

Mupsl ¢ okeanamu: [ annmesn

Observations indicate that
Ganymede has a significant O,
atmosphere, probably a
subsurface ocean, and is the
only satellite with its own
magnetosphere.

Figure 19.12. Ganymede auroral emission from oxygen
(011356 A) observed with HST.

Images of Ganymede’s

Ol 135.6 nm emission for HST
orbits on 1998 October 30
(Feldman et al., 2000).
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Mupsl ¢ okeanamu: ['aHumes

Target object of the
ESA JUICE mission
(2022)

Ganymede

Icel

- lce lll snow
Ice V:

lce VI

Hao6mionennst na KT HST Liquid ocean layers,
more saline with depth
HCIAABHO NPCI0CTABNUJIN

BECKHeE 10KA3aTeJIbCTBA TOIO )
——feh
yro cnyTHUK FOnurepa

l Mercury |
T'anumen umeer moj
IMOBEPXHOCTBHI0 OKEAH C COJICHOM BOJ0I, CKOPee BCEro 3a:KaThlil MEXKAY ABYMS
cJioiMu JibJAa. Boga o0pa3syercs, MOCKOJIbKY CIIYTHUK KA4A€TCH M BbITATUBACTCSH
IPH IBUKEHUU 10 OpOUTE BOKPYT razoBoro ruranta FOmurep.

Moon




Boaa, Boaa, Be3ge soaa

8’ MOON OF SATURN

SIZE COMPARISON -

9.5 AU

DISTANCE FROM SUN

Titan is believed to have a salty subsurface
ocean - as salty as the Dead Sea on Earth --
beginning about 30 miles (50 km) below its ice
LOCKED . shell. It is also possible that Titan's ocean ifs

Tioped Soeen, thin and sandwiched between layers of ice, or
uniikely to support life is thick and extends all the way down to the
OCEAN WORLD STATUS moon's rocky interior.




Mupsl ¢ okeanamu: Turan

OpeoJ cBera okpy:xaeT cnyTHUK CarypHa TuraH Ha 310l KapTHHE ¢
MOACBETKOM, MoKa3bpIiBas cBoio arMocdepy. Credit: NASA/IPL/Space
Science Institute


https://www.universetoday.com/wp-content/uploads/2014/10/PIA07774-e1477328188439.jpg

Mupsl ¢ oOKeaHAMU: TnTaH
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CaeBa: noka3zaHa Mo3auka u3oopaxxenu Turana, caiesannbix KA
Cassini B 0am:kHeM HHppakpacHoM cBeTe. BUaHbI 03epa (Mopsi) Ha
ceBepHOM moJroce TuTana 3a cueT OJMKOB COJTHEYHOIO CBETA OT
Hux. CnpaBa: pagunojgokanmuoHHoe n3oopaxkenne Kpakena. Credit:
NASA Jet Propulsion Laboratory.


https://www.universetoday.com/wp-content/uploads/2015/09/methane-lakes-on-Titan-composite-flat.jpg

Mupsl ¢ okeanamu: Turan

Ice-six

=
:""I":‘(_:U""’I (".")'ull."ll ' t I t
Liquid water ocean a | I

Fully differentiated dense-ocean model
Drawn Lo s¢ :ll'

Normal ice (14,)

/lnarpamMma BHyYTpeHHEro crpoeHusi TutaHna B COOTBETCTBHM €
«fully differentiated dense-ocean model». Credit: Wikipedia
Commons/Kelvinsong


https://www.universetoday.com/wp-content/uploads/2008/07/Titan_poster.svg_.png

Boaa, Boaa, Be3ge soaa

DWARF PLANET

CERES

Scientists estimate that Ceras consists of

BIZE COMPARISON

about 25% wat_er ice, of which a fraction 4 AU
could be in the liquid state. However, Ceres PISTANGE FROM 3UN

may or ‘may not have a liquid layer or POSSIBLE
subsurface ocean. Data from NASA's Dawn .
. , Evidence of an coean,
mission could provide an answer. biological potential unknown

OCEAN WORLD STATUS




Mupsbl ¢ okeanamu: Llepepa

Ceres’ layers

Thin, dusty
outer crust

BbIOpoCHI BOASIHOIO Mapa Ha
Ilepepe ObLIIM OTKPBITHI B
Haomogenusx ST Herschel
(2013).

IleseBoil 00BLEKT MUCCUM
NASA Dawn (2015).

Water-ice %

layer


http://stp.cosmos.ru/uploads/pics/24_0_Ceres-PIA17830_page-700.jpg

Mupsbl ¢ okeanamu: Llepepa
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Cerozusi Boaa Ha Llepepe NPHCYTCTBYET B TBEPIAOM H ra3000pa3HOM COCTOSTHHH:
JieJl 3aM0JIHAeT TPEMHbI B [NIMHUCTON MO4YBe, 2 BOASIHON Map U JIeATHOEe KPOIIEeBO
WHOI/IA BHIPBHIBAIOTCH M3 2KePJI JIeAsTHbIX ByJkaHoB. Ho Muisimapasbl et Hasan,
KOIZIa 0CTATOYHOE Tem0 o0pazoBanust CojiHeuHOM cucTteMbl emre rpeso [epepy
U3HYTPH, HA HEell MJIECKAJIUCH BOJAbI OTPOMHOI0 OKEaHA, CYMTAIOT IJIAHETOJIOTH.
B3aumoaeiicTBHE )KUIKOU BOAbI U KAMHSA MOPOIUIO COBPEMEHHYIO 3aTEHJIUBY IO
crpaturpaguro Llepepsl: cjio0M KAMHS HA HEH YePeayHTCH CO CJA0SIMU JIb/A.



'Manas nnaHera Llepepa no aaHHbIM KA NASA Dawn

LIBe'rHﬂ 'ronorpacpekaﬂ KapTa KpaTtepa OKKTp Ha Llepepe. CuHum-
caMasl HU3KasA BbICOTA, KOPUYHEBbIN-CaMaa BbiCOKas. OKKaTop 3aHMMaeT
okos10 90 kM B lunpuHy. Credits: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA



http://i1.wp.com/www.universetoday.com/wp-content/uploads/2015/09/pia19975.jpg

Manas nnaHeta Llepepa no AQHHbLIM KA NASA

ConsiHOM Kynon
OkkaTopa CNoXXeH
He cynbdaToM
MarHus, Kak
npeanonarasnaochb
paHee, a kapboHaTamm.
K o6pa3oBaHuio
CONISHOrO Kyrnosna
npmBesia BHYTPEHHNANA » ,
AKTUBHOCTb Llepepbl, m-lp,yuupOBaHHaﬂ naneHueM actepoupa. NogHaTHe K
NOBEPXHOCTU FPYHTOBbIX BOA, HAaCbIWEHHbIX COAO0MN, C UX NoCcNeayoLWmnuM
MCrapeHueM M OT/I0XKEHMEM COJIeEM FOBOPUT O TOM, UTO TEMNepaTypbl B
Heapax Llepepsbl Bbille, YeM CYUTANIOCh paHee. BO3MOXHO, XXuaKas Boaa
cyllecTBOBaJia noa NOBepXHOCTbIO Llepepbl OTHOCUTE/IbHO HEAABHO NO
reosiornyeckum Mmepkam. O6HapyxeHHble B OKKaTope OT/1I0)XeHUs conen
6bITb CneagaMu o3epa B paHHUE SMOXM.




Manas nnaHeta Llepepa no gaHHbIM KA NASA Dawn

loss of dissolved gases

1 A

peosipilated eAbanates (and saits) at the dome and
secondary height apets
Surface of carbonaceous
¢chondeitic like material

sdmixed with water-ice

Kak ¢popMupoBasniucb ipKkme naTHa KpaTtepa UKKaTop. 110BepXHOCTb Liepepbl
COCTOMT M3 BellecTBa, NoA06HOro BewecTBy Yr/IMCTbiX XOHAPUTOB,
CMEeLLaHHOMY C BOASIHbIM JIbAOM. ACTEpOMAHbIN yAap npuBen K 06pa3oBaHMio
rnyboKunx TpewmH U YMEeHbLUEHUIO BA3KOCTU NoANOBEpPXHOCTHOIO JibAa.
FNy6bMHHBbIM paccon C paCTBOPEHHbIMM ra3aMy HauyaJsi No TpewmnHaMm NocTynaTb
HaBepX. lMocne n3nnaHna Ha NOBEPXHOCTb ra3bl yJ1IeTyuyMBasanCb, BoAa
ucnapssiacb, COnM u3 riaybMHHoOro paccosia obpasoBasv Kynosn.




'Manasi nnaHera Liepepa no AaHHbIM KA NASA
Dawn

10-knnomeTpoBbIN KpaTep Oy — BTOpoe Nno SAPKOCTU CBET/I0€ NATHO Ha
noBepxHoOcTU Llepepbl (Apue ero To/1bKO COJIIHOM KynoJi B KpaTepe OkkaTop).
NHdpakpacHbie cnekTpbl Owy roBopsiT 0 HaJINUMKU B HEM BOASIHOIO JibAa,
TaK)Ke 3TOT KpaTep MHTepeceH Ha/lMuMeM o6LIMpPHOro NnpoBaJsia Ha Horo-
3anafAHOM Kpae, rae noBepXHOCTHbIA MaTepuan obpyLuniIca BO BHYTPEHHIOK



Manasa nnaHerta Llepepa no aaHHbIM KA NASA Dawn

Llepepbl HabnoaaeTca yHMKanbHaa Tonorpadpunyeckas 0Co6eHHOCTb —
KOHycoobpa3Has ropa AxyHa. Bbicota AXyHbl gocTturaet 5 kM. [laHHbie KA
NASA Dawn noka3sa’siy, UTO 3Ta ropa, CKopee BCero, siBJifieTCs KpMOBYJIKaAHOM,
U3BepraroliMM He CUWINKaTHYIO JlaBYy, a COJIEHYIO rpsi3b. By/ikaHU3M Takoro
poAa ABNseTcs YHUKasbHbiM B COJIHEYHOU cUcTeMe.

By/ikaHbl U3BEpraroT Win CUIMKATHYIO JIaBY, KaK Ha NJ1aHeTax 3eMHOM
rpynnbli, U nep v BOASHON Nap, Kak Ha dHuenapae. Liepepa cocTouT mu3
CMEeCH COJIel, CWIMKATOB U BOASIHOIO J1IbAa, €e BYJIKaH u3Beprasn CoJIeHYIo
rpsi3b.



Manas nnaHeta Llepepa no gaHHbIM KA NASA Dawn

1) Ewe ogHumM cropnpusom Llepepbl ctano o6pasoBaHne BpeMeHHOMU
aTtmoccdepbl. U3 AaHHbIX, NOJIyYEHHbIX AETEKTOPOM HEUTPOHOB U raMMa
nyyeu GRaND, yctaHOBNEeHO, UTO nHoraa Llepepa yckopsieT 3/1eKTPOHbI
COJIHEYHOr 0 BeTpa A0 OYEHb BbICOKMX 3Heprun. O6bI4HO TaKkoe yCKopeHue
NPOUCXOAMT B pe3yJsibTaTe B3auMOAENCTBUSA COJIHEYHOIr0 BeTpa C MoHocdepon
He6ecHoro tena. BO3SHMKHOBEHUE BpeMeHHON MoHocepbl corsacyerTcs C
HabnoaeHnamm kocmmueckoro MK-teneckona uMm. Nepwens.

2) B cpeaHeM noBepxHOCTb Llepepbl cyxana u TeMHas, 0OQHAKO Koe-rae
BCTpPevyaroTca 06Ha)XxeHnUs BOASIHOrO JsibAaa. Tak, CneKTpoMeTp BUAUMOIro u
nH(ppakpacHoro amana3oHa (VIR) obHapyxun nea B MonoaoM kpartepe Owo
(Ox0). TpewmHaMm NOKPbLITO U AHO MHOIMX KpaTtepoB. Ha AHe n cTeHKaXx
MHOIMMX KpaTepoB BCTPe4YaroTcs 06HakeHus (MU OT/I0KEHUSA) OYEHb SIPKOro
MaTepuasna, caMblie U3BEeCTHbIe HaxXoaAaTcA B KpaTtepe OkkaTop. COBOKYNMHOCTb
AaHHbIX FOBOPUT O TOM, UTO Kopa Llepepbl aBnseTca cCMeCbio BOAAHOIO NibAla U
CKaJibHbIX Nopoa.

3) Llepepa nokpbiTa rMUHUCTbIMU MUHepanamu (punnocnnukatamm),
6oraTtbiMM MarHmeM U BKJ/IIOHYAHOLWMMM B CBOKO KPUCTAJIJ/TUYECKYHO pelueTKy
aMMOHuM. Mo Bce BUAMMOCTHU, NOBEPXHOCTDb Llepepbl 6bina

npeobpasoBaHa HEKMMMU npoLeccamMm C yyactuem Boabl. HeogHopogHoe
pacnpeaeneHue KpaTepoB U pa3/ZiuuMsa B MMHepaJZibHOM COCTaBe OT MecCTa K
MEecCTY roBOpSAIT 0 TOM, YTO Kopa Llepepbl He ogHOpoAHAa, M YTO Llepepa
NnpoLuia C/I0XKHYIO reoJiorm4ecKyro 3B0J1IOLMIO.



Manas nnaHeta Llepepa no gaHHbIM KA NASA Dawn

4) Llepepa nononHuna
cob6ou cnnucok
6e3aTMocchepHbIX Ten
ConHe4yHOn CUCTEMDI,

Ha NoJ1l0oCaxX KOTOPbIX B
«XONIOAHDbIX JIOBYLUKaX>
COXPaHAIOTCA 3anachl
BOASIHOIO ibAa (TaKxe
Bbi21In 06Hapy)XeHbl Ha
nonrocax Mepkypus m JlyHbl
Ho ecnu Ha JlyHy n MepKypui nea npMHOCAT KOMETbl U coaepixalume Boay
acrtepouabl (HanpuMmep, Yrnmcrbieé XOHAPUTDbI), TO NMPOUCXOXXAEHME JibAa B
XONOAHbIX NIoBYLWIKaX Llepepbl MeHee oueBMaAHO. BO3MOXXHO, BOASSHOM nap,
MeJIeHHO npocaymBasicb U3 Heap Llepepbl, ncnapsieTcs C NOBEPXHOCTU bonee
Tennbix obnacren, a aanblue YaCTUYHO YJIETYYMBAETCA B KOCMOC, @ YaCTUYHO
OCa)XXAaeTCA B XOJI0OAHDbIX JIOBYLUKAaX Yy MOJIFOCOB.




Mupsl ¢ oKeaHAMU:

6 . MOON OF NEPTUNE
; TRITON
SIZE COMPARISON
30.1 AU Actiye gey;ers on Triton spew nitrogen gas,
making this moon one of the known active
worlds in the outer solar system, Volcanic
POSSIBLE features and fractures mark its cold, icy
Evidence of an ocean, surface, likely results of tidal heating. A
biclogical potential unknown subsurface ocean at Triton is considered
OCEAN WORLD BTATUS possible, but is unconfirmed.

DISTANCE FROM SUN

DWARF PLANET

" PLUTO

A world of many unknowns, Pluto could have
. rings, geysers and perhaps a subsurface
ocean. Data from NASA's New Horizons
mission may help answer the question, "Is
Plute an ocean world too?"

6 :
81ZE COMPARISON

39.5 AU

DISTANCE FROM SUN

POSSIBLE

Evidence of an ccean,
biclegical potential unknown

OCEAN WORLD STATUS




Mupsbl ¢ OKeaHAMMU:

SURFACE HABITATS DEEP HABITATS
Shallow water

The Earth

Top oceans

Trapped oceans
Enceladus

Ganymede Callisto Titan

Liquid
Water

Stable
Environ-
ment

Essential
elements

Chemical
Energy

Figure 3-1: Present state of the existing and past habitable worlds in the Solar System. For each planet
or moon, the status of the four pre-requisites for life to be sustained is ranked from red (not possible), to

yellow (likely but not yet demonstrated) and to green (demonstrated or very likely).

JUICE, ESA/SRE(2011)18, 2011




BHeco1HeYHbIe IJIAHETBI: snoxa xapaxkmepuzauuu
Planets, planetary systems — fomionireochmmm
‘and their host stars evolve

.: - Need to derive accurate planetary
L system age - asteroseismology
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© H. Rauer (DLR)



3aKJII0YeHHue

N3mepeHnsi KOCMUYECKHUX aNNapaToB MOKAa3aJu, YTO MHOTHE M3
He0eCHBIX TeJ BO BHEIIHUX 001acTaX COoTHEYHOU CHCTEMBI
SIBJISIIOTCS “MHpaMu ¢ OKeaHaMu”’, 001a1as1t 00JIbIIUMH
00beMaMM KMJAKOHU BOAbI, U30JIMPOBAHHOMN MO/ JIeAAHBIMH
000/104KaMHU. ITAa HOBASI I'PYIIIA HEOCCHBIX TEJI - MUPBI C
OKEaHAMM, SIBJISIETCH BAXKHOM JJIsl HCCJIETOBAHUMA 110
HECKOJILKUM MPUYMHAM, HO HauOoJiee YOeauTeJIbHOH U B TOXKE
BpeMd TAKKe CaAaMOU MPOCTOU SABJIACTCH CJACAYIOUAA NPUYMHA:
OHU MOI'YT OBITH 00MTaeMbl. ZKU3Hb, KAK MBI €€ 3HaeM, TpedyeT
JKUJTKOHU BOIBI, B IOMOJHEHHUE K IHEPIUU U MUTATEJIbHbIM
BeleCTBAM, M BCe TPHU TPEOOBAHUSA MOI'YT ObITH YI0OBJIETBOPEHbI
B PaAaMKaX HEKOTOPBIX U3 ITUX HEOECHBIX TeJl.

Cnacmnbo 3a BHMMaHue!




